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PREFACE

The aim of this Manual is to provide information on environmental management techniques,
methods and practices in the control of mosquito vectors of malaria and other diseases. It
is intended in the first place to help vector control workers to familiarize themselves with
these techniques, methods and practices, and to enable them to carry out simple environmental
management works especially in the context of primary health care activities. Secondly the
Manual can assist planners, designers and constructors of water resources development projects
to appreciate the health implications of such projects and to design and operate them in ways
that will prevent or reduce the introduction and spread of mosquito-borne diseases. The
Manual can be used as a reference book in daily practice, for the training of staff, or for
the preparation of staff manuals for use in vector control programmes and water resource
development projects.

Some limitations in the scope of the Manual were unavoidable because of the lack of any
comprehensive experience of the application of environmental management measures to control
mosquito vectors of disease. Therefore, although the principles outlined are universally
sound, adjustments to local conditions will be required in applying them.

Although the Manual deals principally with environmental management for the control of
mosquito vectors, many of the works and operations described can be effectively used against
certain other vectors. For the aspects of vector control not covered in the present work,
reference should be made to other publications, several of which are included in the further
reading lists at the end of the chapters or in Annex 1.

As experience accumulates with regard to environmental management operations and works
throughout the world, it may be found that some subjects and details are lacking or
insufficiently covered in this Manual. Arny such deficiencies should be pointed out by letter
to the Division of Vector Biology and Control, World Health Organization, 1211 Geneva 27,
Switzerland. They will be gratefully acknowledged and included in any future edition.

Readers who are not experienced entomologists are sometimes confused by the correct
practice of abbreviating the generic names of mosquito vectors to a single initial letter.
In this book, therefore, a departure from the correct practice has been made in order to

help them, a two-letter abbreviation being used for some genera: for example, Ae. for Aedes
and An. for Anopheles, and Cs. for Culiseta and & for Culex.







INTRODUCTION

Environmental modification and manipulation for the control of mosquito vectors of
disease almost disappeared with the development of chemical insecticides. After the Second
World War, the use of such insecticides, especially as residual house sprays, was so
efficacious in controlling mosquitos and mosquito-borne diseases that little or no use was
made of biological and physical methods of mosquito control. However, starting with Culex
molestus in Italy and Anopheles sacharovi in Greece, mosquitos of economic and public health
importance began to develop resistance to insecticides and this slowed the advances made by
chemical control alone. Furthermore, environmental concern over repeated applications of
insecticides for pest or vector control has contributed to a decrease i n the development of
new public health insecticides. The recent oil price increases have narrowed the economic
feasibility of repeated insecticide applications. At the same time the development and
extended availability of skilled manpower and efficient excavating and earth-moving equipment
increased the feasibility of applying large-scale environmental management measures for
mosquito control. The need to develop integrated strategies including both old and new
methods of mosquito control is now widely accepted. Environmental management measures
constitute an effective component of such strategies.

It must be pointed out that the objective of environmental management for vector control
is the reduction of the abundance of dangerous species. Past experience with mosquito vectors
of disease has shown that each species has defined geographical distribution zones and occurs
in large numbers only in certain breeding sites with identifiable combinations of physical,
chemical and biological characteristics.

Environmental management measures thus depend on the fullest understanding of mosquito
ecology and population dynamics as well as of mosquito-borne disease epidemiology. Studies
on vector habitats must therefore be intensified in order that the attack may be made on
sound bases.

An important concept is that of "species sanitation". This term, as applied to malaria
control, means that attention should be directed primarily to local anopheline mosquitos
known to be the principal transmitters of malaria. There are about 150 species of these
potential malaria vectors in the world; only some 30 of them are considered to be important
malaria vectors, and of the 30 only a few will occur locally in any given geographical area
(see Table 1.2 - Annex 1). What could appear as an almost impossible task of controlling all
anopheline mosquitos is thus narrowed down to a reasonably attainable goal.

Hw successfully man can intervene in the readjustment of habitats depends upon how well
scientific inquiry in the field defines the key factors that regulate mosquito populations
and favour the breeding of one kind of mosquito but not that of another. The vector control
worker thus must explore the possibility of economic application of these principles so that
the impoundments, irrigation, hydroelectric, fish culture and other man-made works, which are
liable to become mosquito breeding places, may benefit man without producing an undue
abundance of vectors.

Environmental management measures are not intended to replace other methods and
techniques applied to control vector-borne diseases but rather to complement these and
provide for the development of "integrated control'" strategies (see Fig. 0-1).

At the same time, although some environmental management works and operations may in the
long run be more effective and less expensive than other control measures, it may be difficult
economically to justify their use for vector control purposes alone. Often, benefits obtained
in other fields, such as the better use of water and land for agricultural improvement and
extension derived from environmental management measures, provide additional justification.
Sound environmental management, designed to avoid possible adverse consequences such as the
breeding and multiplication of disease vectors, should be considered as an integral part of
all engineering undertakings involving the modification and manipulation of the environment.
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CHAPTER 1

MOSQUITOS MOSQUITO-BORNE  DISEASE
AND MCSQUITO GONTROL METHODS A REVIEW
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Introduction

The aim of this chapter is to provide engineers and operators of development projects
with some essential information on mosquito bionomics and classification and the relation of
mosquitos to disease. A better understanding of these subjects will be useful to them and
will facilitate their collaboration with the health staff.

In recent years. considerable environmental changes have taken place in mawy areas as a
result of the creation of man-made lakes, the development of agricultural projects. deforesta-
tion, urbanization. and other economic development activities involving land and water use.
As a consequence. the classical breeding habits of mosquito vectors and even some aspects of
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their bionomics may also be changing in these areas. In any new development project or
activity, therefore, the participation of entomologist staff in a multidisciplinary team
should be sought in order that a precise picture may be obtained of current vector bionomics
and behaviour, and their relation to human ecology and other prevailing environmental factors.

1. Mosquitos and their bionomics

1.1 Classification, morphology and |life cycle of the mosquito

Mosquitos are two-winged insects belonging to the order Diptera, family Culicidae and
subfamily Culicinae. They are characterized by having long conspicuous needle-shaped mouth-
parts comprising the proboscis which, in the female, is used for sucking blood. Mosquitos are
widely distributed over the world, the number of species exceeding 1500 and separated into two
great divisions or tribes = the Anophelini and Culicini, the former being the smaller tribe
but including the vectors of human malaria and filariasis. The Culicini include vectors of
viral and filarial diseases of man and species of vicious biters, some of which are not
incriminated in transmission of human disease.

The immature and adult stages of mosquitos are passed in two completely different environ-
ments. The immature stages (i.e., eggs, larvae and pupae) require an aquatic environment,
and the adult mosquito an aerial and terrestrial one. The four successive stages of develop-
ment in the life cycle of the anophelines and culicines are briefly described below and
illustrated in Fig. I-1.

ANOPHELINES CULICINES
Anopheles | Aedes Culex
af..
ANHN ZE N

s 7 D =

FEMALE
ADULT

Fig. I.1. Chief distinguishing features of Anophelines and Culicines. (q.f., air floats;
a.g., anal gills; ab., abdomen; an., antenna; br., mouth brush; e., eye; #.kh., hooked (or
grapnel) hairs; #n.0., notched organ; pa., maxillary palp; p.h., palmate (or float) hairs;
pr., proboscis; 1 sg., 1st abdominal segment; 8 sg., 8th abdominal segment; Si., siphon;
sp., spiracles; th., thorax; tr., respiratory trumpets; w.s., water surface).

(From: Marshall, J.F., The British Mosquitoes, 1938 (reprinted 1966, Johnson Reprint Corp.),
Fig. 13, p. 13).




Egg

Anophelines lay their eggs separately over the surface of water, each egg having lateral
air floats to keep it afloat. Culicines of the genus Culex and Mansonia lay their eggs on the
water, in a boat-shaped mass referred to as an egg raft; whereas those of the genus Aedes
are laid separately, often in dry hollows or containers which become flooded after rain.
These "dry-laid" eggs are able to retain their viability without water for very long periods.

Larva

Eggs of mosquitos generally hatch after two or three days in contact with water. The
larva i s about 1.5 mmlong when newly hatched and about 10mm long when fully grown. During
growth the larva casts its skin four times, the stages between successive moults being known
as instars. The larva of a mosquito i s made up of head, thorax and abdomen— the |ast being
composed of nine distinct segments. A mosquito larva breathes through two orifices, called
spiracles; those of the anopheline being situated on the eighth abdominal segment so that,
in order to breathe, the larva rests in a horizontal position at the surface of the water.

In culicine larvae, the spiracles are situated at the end of a tubular organ, called the
siphon, which extends from the eighth abdominal segment. Since the spiracles must lie in the
plane of the water surface, the culicine larva must hang down from the water surface by the
tip of its siphon in order to breathe. An exception is the genus Mansonia, in which the
siphon i s highly modified for piercing and adhering to stems of aquatic plants from which air
is drawn for breathing purposes.

Pupa

The pupa i s a non-feeding stage, of several days duration, providing for the morphological
and physiological changes required for transformation of the larva to the adult.

The general appearance of the pupa i s of a comma with an exaggerated "dot'" and small
"tail'. The "dot" i s occupied by the head and thorax while the "tail" encases the abdomen
which terminates in a pair of paddles. The pupa i s mobile and able to dive rapidly when
disturbed. When quiescent, the pupa rests at the surface of the water, suspended by a large
air cavity within its body. Breathing is carried out, at the surface of the water, by a pair
of respiratory trumpets extending from the thoracic area. |In general, culicine pupae can be
distinguished from anopheline pupae by their considerably longer respiratory trumpets.

Adult

The adult mosquito emerges, thorax first, from the pupal skin, by swallowing air to
increase the internal pressure within the pupal skin and then to enable the mosquito to extend
its soft limbs into the adult form. After emergence, the adult mosquito rests for a few
minutes on the discarded pupal skin for its wings to expand and harden prior to flight. The
proboscis takes longer to harden and i s too soft, during the first day after emergence, for
the female to take a blood meal. The adults of both sexes feed on plant juices but only the
female feeds on blood. Egg development i s dependent on a blood meal for almost all anophelines
and most culicines. |In some species the first batch of eggs can be laid without a blood meal
(autogeny). While there are precise morphological differences between anophelines and
culicines, which are outside the scope of this manual, the former mey generally be distin-
guished from the latter by the appearance of the wings. With the exception of species of the
subgenus Anopheles, the anopheline wing i s generally patterned with dark and pale areas whereas
the culicine wing i s unpatterned and has a uniformly plain appearance. Another visual distinc-
tion is that, at rest, the body of an anopheline mosquito forms an angle nearly vertical with
the surface while that of a culicine mosquito lies almost parallel to the surface as shown in
Fig. I-1.




1.2 Mosquito bionomics

Bionomics deals with the relationship between a given species and its environment. An
understanding of mosquito bionomics is therefore of key importance in the epidemiology of
mosquito-borne diseases and i n planning methods of mosquito control. Climatic factors play
an important part in species distribution, behaviour, survival and vectorial status. Water
is an essential component of the mosquito environment and whether it i s running, standing,
clean or polluted, sweet or brackish, shaded or suniit, frequently determines which species
of mosquito breeds in it. The environments of the immature stages and adult mosquito are
interdependent since the adult mosquito must have access to water for egg laying. The adult
mosquito environment is, however, largely aerial and terrestrial, the former environment being
necessary for mating and dispersal and the latter providing habitats for feeding, resting and
completion of the cycle of ovarian development from blood meal to egg laying. The environ-
ments of the immature stages of the adult mosquito are considered i n more detail below.

1.2.1 The environment of the immature stages of the mosquito

The environment of the immature stages of the mosquito i s aquatic, with its mobile stages
(i.e., larva and pupa) dependent on atmospheric air for breathing and therefore typically
spending much of their lives suspended from the surface film of the aquatic environment.

There i s an optimal range of water temperatures for growth of the immature stages of the
mosquito. This range i s lower for species living i n temperate than in tropical zones and
varies somewhat between different species living in the same geographical zone: thus
temperature i s one of the factors that limits the geographical distribution of a species.
Within these optimal ranges, however, there i s a largely direct relationship between tempera-
ture and growth. For example, mosquitos breeding in the tropical zone, in water at 23°-27°C,
usually complete their aquatic growth within two weeks. Moderately frequent rainfall usually
increases the opportunities for prolific breeding, but repeated and heavy rainfall causes
severe flooding resulting in a temporary flushing out of breeding places and reduction in
mosquito population. The depth to which light penetrates the water i n which the mosquito i s
breeding i s generally not an important factor since the immature stages live largely at the
water surface, but the extent to which the breeding place is shaded or exposed to sun deter-
mines which species of mosquito inhabit a particular water body. Hedges, planted to give
shade over breeding places, or clearing of forests to allow sun to penetrate have been
successfully used for environmental control of several malaria vectors (Anopheles minimus and
An. balabacensis). Unless islands of vegetation are present to provide local breeding sites,
mosquito larvae are not found on open surfaces of large bodies of deep fresh water (e.g.,
lakes, ponds, rivers or reservoirs) but are confined to their sheltered shallow edges. The
immature stages of some species (An. gambiae s.1.) are found throughout the entire surface of
swvamps and of shallow temporary rainwater pools. Some species (An._funestus) breed in clear
fresh water with vertical vegetation whereas others are adapted to breeding in brackish water
(An._sundaicus) or highly polluted water (Culex quinquefasciatus = Cx_pipiens fatigans). The
aquatic environment of some species is associated with particular plants. For example,
Mansonia larvae are linked with the presence of fresh water lettuce (Pistia) and Aedes
simpsoni with axillary breeding in banana plants. Other species (Ae.aegypti, Eretmapodites
chrysogaster) breed in great numbers i n small containers such as old tins, tyres and coconut
husks.

Thus while mosquitos, as a group, are found breeding in an almost infinite variety of
sizes and types of water body, each species i s generally associated with certain types of
breeding places. In some species, however, breeding is restricted to a narrow range of
habitats while others breed readily in a wide range of water-types. The classification given
in Annex 1 attempts to identify the major and most common mosquito vectors, their biology and
breeding habitats, and to indicate, for each type, the most suitable environmental management
measures for control.
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1.2.2 The environment and habits of the adult mosquito

Mating

Mating usually occurs within 24-48 hours after emergence. |In some species the males form
a swarm, frequently located over contrasting or sharply defined points, e.g., the top of a
tree, stake or rock, or over the corner of a building. Swarming usually occurs at dawn or in
the evening, but may be seen in shaded areas in the middle of the day. Females entering the
swarm are seized and the pair drops out of the swarm. After insemination, the spermatozoa
are stored in the female mosquito, in an organ called the spermatheca, and drawn on for
fertilization of all the eggs produced throughout the remainder of its |ife (monogamy).

Dispersal

The adult mosquito of most species does not fly great distances and the male i s a much
weaker flyer than the female. Thus the presence of a large number of adult male mosquitos
indicates that breeding places of that particular species are close by. In normal atmospheric
circumstances, most individual mosquitos of tropical species apparently fly within a range of
1-3 km, although there are records of a few species or occasional individual mosquitos
travelling much further. Certain temperate-zone species travel 4-5 kn and there are records
of those that travelled up to 10 km. Dispersal is largely downwind and strong winds can carry
mosquitos very much greater distances than normal. For example, there is a report of
Anopheles pharoensis, in Egypt, being windborne, up to 280 km from the nearest breeding
places.2 Dispersal of mosquitos through human agency has occurred since the earliest times
but with the increasing number of vehicles (boats, buses, trains and aircraft), the threat of
passive dispersion of vector species is much greater today, and effective countermeasures
such as vehicle disinfection are required.

Biting habits

Mawy of the habits of adult mosquitos are linked to their being both cold-blooded and
physiologically ill-fitted to withstand very dry environments. Flight, host seeking, and
feeding generally take place in a wam humid environment. Species that are associated with
open terrain and sunlit habitats fly and feed between the hours of dusk and dawn when the air
is more humid. May of these species have a peak of biting activity in the latter half of
the night when relative humidities are at their highest. For example, in An._gambiae s.1.
and An. funestus, the principal vectors of malaria in Africa, the peak of biting occurs about
an hour before dawn. Mawy species associated with dense vegetational habitats such as
forests or plantations, where daytime humidities are generally higher than in open terrain,
fly and feed during daylight hours. Their peaks of biting activity vary widely between
different species and may occur in daylight hours (Aedes simpsoni) or shortly after dusk
(Ae. africanus). Mosquitos which feed inside houses are described as endophagic and those
that feed outdoors as exophagic. The exact feeding pattern of mosquitos indoors varies with
different species and circumstances but usually mosquitos enter houses to feed in the early
hours of the night.

Host preference

The environment of the adult female mosquito includes a host. If the preferred host is
man, the mosquito is referred to as anthropophilic; if animal, as zoophilic; and if there
is no fixed preference, as an indiscriminate biter. In the absence of the preferred host,

some species (e.g., An. gambiae s.1.) are facultative feeders and will feed readily on

a Garrett-Jones, C. The possibility of active long-distance migrations by Anopheles
pharoensis Theobald. Bulletin of the World Health Organization, 27: 299-302 (1962).
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another host. In Europe, changes in agricultural practices leading to improved rural housing
and the construction of separate buildings for housing cattle and pigs have diverted malaria
vectors away from men and led them to feed on domestic animals.2, b

Resting habits

Species that enter houses for feeding at night and for resting in the daytime are
described as endophagic and endophilic, as compared with exophagic and exophilic mosquitos
which feed and rest outdoors. The siting, design and construction of houses can greatly
influence the extent to which houses can be entered and used as resting places by mosquitos,
and constitute an important aspect of environmental management. For example, governments and
communities of developing countries tend to build "low-cost housing” away from swamps and
more individuals have houses with well-fitting doors and screened windows. The pattern of
mosquito resting inside houses is also changing with the addition of ceilings to bedrooms and
the wider use of cupboards, thereby removing many adventitious resting places on clothes (and
other articles) hanging from nails and lengths of string fixed along walls. The widespread
use of corrugated iron sheets instead of grass for roofing houses in rural areas, especially
in Africa, has forced mosquitos to seek indoors suitable resting places because the roof-
surfaces are unbearably hot in the daytime.

I n areas where species are largely endophilic, there i s nevertheless an outdoor resting
component of males, recently emerged females, gravid females and females that have recently
laid eggs. Where the population i s largely exophilic, a great number of recently blood-fed
mosquitos are found among the outdoor resting population. The vegetational habitats of exo-
philic mosquitos vary greatly according to species and geographical area and they range from
sparse xerophytes to tropical rain forest ecotypes. The principal hosts may be cattle, wild
mammals, or birds with man playing the role of an accidental host. Outdoor resting mosquitos
are usually widely distributed over large areas and their environmental management is
generally more difficult than for endophilic mosquitos whose females are concentrated during
part of their lives into discreet units, i.e., houses or other man-made shelters. Outdoor
resting places of mosquitos are generally sheltered, shaded, and humid and include earth
banks, crevices in the ground, caves, spaces under bridges, dense vegetation and the bases
of tree trunks. While some species use a variety of resting places, others prefer specific
sites. In tropical countries it i s common practice to clear vegetation around houses to
reduce the nuisance of mosquitos biting people outdoors. Plants (such as plantain and
bananas) that provide breeding and resting sites for Aedes mosquitos are prohibited within
some towns. |In the wet season the growth of vegetation leads to increased outdoor resting
i n some species such as Anopheles gambiae s.1. The collection of outdoor resting mosquitos
is often much easier in the dry season, however, because of their concentration in the
relatively few remaining natural resting sites. In some areas where outdoor resting sites
are greatly reduced in the dry season, houses are extensively used seasonally as resting
places by mosquitos that have fed outdoors on cattle. It can thus be appreciated that the
extent of endophily, endophagy, exophily and exophagy varies within the same species,
according to environmental conditions.

Gonotrophic cycle

After entering, some species rest inside the house for a period of 2-3 hours before feeding
indoors on man and then, gorged with the blood meal, rest indoors for 24-48 hours until the
blood has been digested and the ovaries contain mature eggs, i.e., they are gravid. The

Mosquitos enter houses through open windows, doors, eaves gaps, and gaps in walls.
gravid mosquito typically leaves the house at dusk in search of a suitable aquatic site for

a Roubaud, E. Les conditions de nutrition des Anopheles en France. A. maculipennis et
le rdle du bétail dans | a prophylaxie du paludisme. Annales de 1'Institut Pasteur, 34: 181
(1920).

b Wesenberg-Lund, C. Contributions to the biology of the Danish Culicidae. Kongelige

Dmanske videnskabernes selskabs skrifter, 7: 1-110 (1921).
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egg laying. Mosquitos that enter but are unsuccessful in obtaining a blood meal generally
leave the following dawn.

Seasonal prevalence

In certain areas, mosquitos are seasonally exposed to a hostile environment created by

extremes of climate. |In temperate zones, winter temperatures are survived by some form of
hibernation. In the colder parts of the temperate zone, hibernation in Aedes spp. is in the
egg stage and there may be only one generation a year. In the less cold parts of the

temperate zone, most culicines spend the midwinter months i n the larval stage. The female
adults of some, e.g., Culex pipiens, hibernate in sheltered places such as cellars or out-
buildings, surviving on body fat. Adults of other species such as Anopheles atroparvus
hibernate partially, taking an occasional blood meal off man or domestic animal, indoors,
during a wam spell, but in these circumstances ovarian development does not follow after the
blood meal. This physiological condition is described as gonotrophic dissociation. Some
tropical species (An. gambiae s.1.) are able to survive in hot, dry and apparently waterless
areas in parts of Africa towards the end of the dry season, but the means by which they do so
are not yet known.

Extrinsic incubation period and mosquito longevity

Since the mosquito i s cold-blooded, the climate in which it lives greatly affects its
capability for disease transmission by influencing the rate of development of the parasite
within the vector and the longevity of the mosquito.

Malarial and filarial parasites undergo a developmental cycle within the mosquito host
during which the former, but not the latter, parasites multiply. Viruses multiply within the
mosquito host but do not appear to undergo any cyclical change. For all three groups thereis
a period between the host mosquito's first infectious blood meal and its first feed transmit-
ting the infection. This interval is known as the extrinsic incubation period and varies in
length in response to the temperature of the host mosquito's environment. For example,
development of the malaria parasites, Plasmodium falciparum and P. vivax, is indefinitely
retarded at 19°C and 15°C respectively and below; and in P. falciparum it i s completed in
10 days at 30°C and in 27 days at 20°C (Macdonald 1957)2. Rao and Iyengarh found that mean
temperatures below 24°C and 34°C inhibited growth of the filarial parasite Wuchereria
bancrofti in Culex quinquefasciatus Say (=Cx__p. fatigans Wiedemann) and Khalil et al.£ found
that the filarial larvae matured in 20 days at 23-249C and in 14 days at 29-31°C. Further
details on the extrinsic incubation period of W. bancrofti are given by Sasa.d Davis€ found
that the extrinsic incubation period of the African Asibi strain of yellow fever virus in
Aedes aegypti was 4 days at 37°C, and 18 days at 21°C. The mosquitos were not infective after
a period of 30 days at 18°C.

a Nacdonald, G. The epidemiology and control of malaria, London, Oxford University Press,
1957.

b Rao, S.S. & lyengar, M.O.T. Studies on incidence of season on development of Filaria

bancrofti in Culex fatigans. Indian journal of medical research, 17: 759-768 (1930).

= Khalil, M. et al. On the transmission of filariasis bancrofti in Egypt. Journal of
the Egyptian Medical Association, 15: 317-322 (1932).
d

= Sasa, M. Humen filariasis. A global survey of epidemiology and control, Baltimore,
University Park Press, 1976.

£ Davis, N.C. The effect of various temperatures in modifying the extrinsic incubation
period of yellow fever virus in Aedes aegypti. American journal of hygiene, 16: 163-176
(1932).
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Wi | e sone speci es of nosquito |ive longer than others, tenperature and humdity affect
their survival. Except at extrenely high or | owhumidities, when nosquitos are unable to
regulate their water loss, longevity is in general greater at the higher ranges of humdity
and | ower ranges of tenperature. Anopheles culicifacies was found to survive about 10 days
at a 60-65%relative hunmdity and at 30-35°C, conpared with 30 days at 80-90%rel ative
hum dity and 27-30°C.2

Resi st ance to insecticides

During the last 35 years, control of mosquitos and other insects of public health
i nportance has been | argel y achi eved by nmeans of synthetic chemcal insecticides. Their use
on a vast and increasing scal e has led to the w despread devel opnent of insecticide resistance
whi ch has been defined as "the devel opnent of an ability in a strain of insects to tolerate
doses of toxicants which would prove lethal to the majority of individualsin a normal popul a-
tion of the sane species".P  The nunber of insecticide-resistant arthropods of public health
i nportance has risen from2 in 1946 to 155 in 1980, and insecti ci de-resi stant nosquitos from
7 in 1957 to 98 in 1980. Resistance has appeared to chlorinated hydrocarbon, organophosphate
and carbamate insecticides. As there are fewalternative groups of chemcal insecticides to
fall back on, it has becone urgent to devel op alternative means of nosquito control.

Insecticideresistance is inherited and is induced through sel ection of individual
insects that survive dosages of insecticides whichkill the susceptible individuals. The
mechani smof inheritance varies with different insect groups and different insecticides. It
can be of a sinple mendelian character attributable to a single gene allele, or of a conpl ex
nat ure invol ving oligogens or multiple-geneinteraction. The physiological basis of
resi stance al so varies with species and insecticides, and nay arise through enhanced net abo-
lismof the insecticide, reduced penetration of the insecticideinto the insect, or reduced

nerve sensitivity.

2. Maj or nosqui t o- bor ne di seases and their epideniol ogy—C

21 Milaria

Mal aria is responsible for high infant nortality rates anong nany popul ations in the
tropical and subtropical climates of the world. A so of great concernis its chronic effect
of debility and general inpairnent of well being that obviously hinders the econonic and soci al
progress of communities where nalaria is w despread.

Mal aria parasites are protozoa of the genus Plasmodium and there are four nain species,
Pl asnodi um faleiparum(nalignant tertian nalaria) , P vivax(benign tertian), P_nalariae
(quartan) and P. ovale, the latter species being relatively unconmon. After receiving an
infective bite, there is an incubation period in the patient which varies from10-40 days
dependi ng on the speci es of Plasmodium. Towards the end of the incubation period the patient
may suffer headaches, |inb-pains, backache, slight nausea or even vomting. The incubation
period termnates with the onset of the di sease which is characterized by a paroxysmwhich
devel ops in three wel | -defined stages, the cold stage or chill, the hot or fever stage and
the sweating stage. The paroxysmis caused by nassive destruction of the red corpuscl es and
release fromthemof toxins into the blood stream |If untreated, the paroxysns devel op a

2 Russel |, PE & Rao, TR (bservations on longevity of Anopheles culicifacies
inmagines. American journal of tropical nedicine, 22: 517-533(1942).

—bV\HO Technical Report Series, No. 125, 1957(Insecticides: seventh report of the

Expert Commttee).
£ See al so Annex 1.
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periodicity, occurring every three days in P falciparum, P. vivax and P._ oval e, and every
four days in P_nalariae. Mlignant tertianis the nost serious formof human mal aria since
it is nore likely than the other forns to give rise to fatal conplications. However,

P._fal ci parumdoes not survive in the human body |onger than two years whereas P. nal ari ae
is capabl e of surviving undetected for nore than twenty years and then suddenly nanifesting
itself.

After invading the red corpuscles of the blood, the nalaria parasites develop into
nuner ous noni nf ecti ve trophozoites and a small er nunber of infective nale and fenal e
ganet ocytes. Wen a nosquito vector bites an infected person and ingests bl ood containi ng
nal e and fenal e gamet ocytes, a conpl ex cycle of devel opment and multiplicationof the malaria
parasite takes place, at the end of which the salivary glands of the nosquito contain infec-
tive sporozoites ready for injection into another person at the next hite.

The cycl e of transmssion of malaria is exclusively between man and vector nmosquito, with
nan acting as sole internedi ate host and reservoir of the parasite and the nosquito as the
definitive host. The epidemol ogy of the di sease depends upon a great nmany factors including
the habits of man and of the vector nosquito, the species of parasite and the environnent.

The rate of transmission is influenced by the efficiency of the vector (i.e., the ease with
which it acquires and devel ops an infection), the size of the reservoir of infection (i.e.,
nunber of infected individuals), and the "vectorial capacity"” which is a function of the
density of the vector, the rate at whichit feeds on man, the length of survival of the

i nfected vector mosquitos, and the duration of the incubation period in the vector.

Table 1.1 (Anex 1) presents a list of the Anophel es mosquitos nost commonly incrininat ed
innalaria transmssion and their chief preferences in breeding habitats; they are grouped
accordi ng to geographical distribution.

Table 1.2 (Anex 1) presents an al phabetical list of Anopheles species that are inportant
innalariatransmssion, with a sunmary of information on the adult mosquito habits and on
[arval habitats.

2.2 Filariasis

Mbsqui t o- borne filariasis in man includes a group of diseases caused by filarial nema-
todes. The inmmature and adult worns invade the |ynphati c system Microfilariae are found in
the bl ood and there nay be eosinophilia. The nunber and |ocation of the parasites (and
whether they are alive or dead) influence the clinical manifestations of the disease.
Repeated infections may lead to illness and incapacity for work arising fromfilarial fever,

i nflammati on and enl argerment of the | ynph nodes and vessel s (adenol ynphangitis), inconpetence
of the lynphatic val ves, obstruction of the |Iynph-flow and varicose dilation of the [ynphatic
vessels. In the inguinal and testicular regions this frequently leads to hydrocele. Long
exposure to repeated infections, usually over several years, can lead to extensive | ynphatic
obstruction and a nassive increase in lynphatic and fibrous tissue in the Iinbs, thereby
giving rise ultimately to the characteristic deformty known as "el ephanti asis".

The species of filarial worns involved are Wichereria bancrofti, Brugia nal ayi and

B tinori. W bancrofti has an extensive geographical distributionand is found in nearly all
tropical countries. |Its transmssion cycle is nman-nosquito-nan (i.e , non-zootic). B _nalayi
is known only fromsouth and east Asia. Its nocturnally subperiodic form found in the jungle
swanps of st Ml aysia, is zoonotic and the transnission cycle invol ves other vertebrates
such as nonkeys, donmestic and wild cats, civets and pangolins in forested areas. B timori

is a distinct, apparently non-zootic species, found on the Lesser Sunda Islands i n Eastern

| ndonesi a.

In the devel opnental cycle of W bancrofti, man is the definitive host in which the adul t
female filarial worm after copulationwith the male wormin the human body, gives birth to
nunerous mcrofilariae which enter the peripheral circulation. Wen taken up in a blood neal
by the nosquito internedi ate host, the mcrofilariae develop primarily in the thoracic
nuscul ar tissues of the mosquito until they reach the infective stage, and then they enter the
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proboscis of the vector. Wen the mosquito bites nman, the infective stage |larvae are deposited
fromthe proboscis onto the skin and penetrate the wound inflicted by the nosquito. After
penetration, the male and fenale filariae enter and growin the |ynphatics. The devel oprent al
cycles of the Brugia spp. are simlar except that other vertebrates, as well as man, may act
as definitive hosts.

The nmicrofilariae in the peripheral blood vessels exhibit nocturnal periodicityin
W bancrofti infections throughout nost of their geographical distribution, with high densities
appearing i n the bl oodstreamat night and very | ow densities or none in the daytine. |In sone
places the mcrofilarial periodicity in W bancrofti infections is |ess marked and is known as
subperiodic. In the South Pacific islands it is diurnally subperiodic. In parts of Thailand
it is nocturnally subperiodic. Simlarly, B malayi is nocturnally periodic in most parts of
tropical Asia, but the jungle form found in the swanpy areas of st Mal aysia, is nocturnally
subperiodic. The mcrofilariae of B tinori are nocturnally periodic. The phenomenon of
mcrofilarial periodicity is not fully understood but appears to be linked with the biting-
cycle of the vector mosquitos.

The epi dem ol ogy of the disease is influenced by topography, clinmate, social conditions,
and degree of exposure to infective nosquitos. The incidence is highest in coastal and flat
areas in tropical latitudes but lowin nountainous areas. Advanced levels of filarial disease
are generally found only in areas with very high densities of the vector nosquito where the
i nhabi tant s have had |ong exposure to repeated infections. Sone 59 species of nmosquito have
been reported as natural vectors of bancroftian filariasis, the nost inportant of which are
indicated in Tables 1.3 and 1.4 (see Annex 1). Culex quinquefasciatus (= & _p. fatigans) is
the principal vector in urban situations. It breeds in polluted waters such as cesspits,
stagnant water in ditches and drains, and in tanks, barrels and all sorts of containers. It
is strongly anthropophilic and bites nan indoors and outdoors. This species, and its
associationw th bancroftian filariasis, is presenting a mounting probl emin nmany urban situa-
tions where installations such as standpipes, latrines and drains are not properly maintained.
Transm ssion of brugian filariasis occurs in all conbinations fromaninal to aninal or man,
fromman to nman or animal. The major vectors are the swanp-breedi ng species of Mansonia. In
East Indonesia, B tinori is transmtted by Anophel es barbirostris.

Filariasis vector control is usually suppl enentary to chenot herapeutic control with
diethyl carbamazine nitrate. It is carried out on a limted scal e by house spraying w th
residual contact insecticides and by neans of ultra-low vol ume fornul ations of insecticides
applied indoors and outdoors. The wi despread resistance of adult Cx__qui nquefasci atus to
organochl orine and other synthetic insecticides does, however, stress the need to | ook at
other neans of control, particularly environnental ones.

Table 1.3 (see Annex 1) gives the principal nosquito-borne filarial parasites of nan,
their geographical distribution and preferred types of environnent, notes on the epi dem ol ogy
of the disease, and the nosquitos nost commonly involved inits transmssion. Table 1.4
presents a list of the inportant mosquito vectors in al phabetical order, with a summary of
information on the adult nosquito's habits and on larval habitats.

2.3 Yellow fever

Yel | ow fever is an acute, often fatal, disease caused by an arbovirus. The disease is
characterized by severe headaches, aches in the bones, and fever followed by a deep jaundice,
i nternal haenorrhages and voniting.

Like nmost viral diseases transmtted by nosquitos, yell owfever has an aninmal reservoir.
Jungl e nonkeys are the nornmal reservoirs of the virus. 1n South and Central Anerica the
Haermagogus nmosqui t o whi ch occasional |y bites man, is a ngjor nonkey-to-nonkey vector. However,
in Africa, monkey-to-nonkey transmssionis nmaintained by the forest mosquito, Aedes africanus,
and fromnonkey to man typically by Ae. sinpsoni which breeds profusely in plantain and banana
plantations at the periphery of the forest, in the vicinity of nan. Subsequent transni ssion
fol l ows a nman- Aedes- man cycl e i n which Ae. aegypti can play a ngjor role in an urban environ-
nent. As Ae. aegypti breeds near human habitations in plant axils, potholes and artificial
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containers of all sorts and sizes, the disease (which i s normally confined to forest and rural
areas) can become an urban health problem and even burst into epidemic proportions.

The development of effective vaccines and their massive application, together with the
successful results of mosquito control programmes i n the recent past, have reduced the
disease to a fraction of its overall global importance half a century ago. The threat of a
sudden epidemic remains ever present, however, and measures have to be taken to cope with
this eventuality. Programmes of chemical control of Aedes mosquitos have somewhat suffered
from the difficulties encountered with other vector mosquitos; there is thus a corresponding
need to instigate alternative methods of control.

2.4 Dengue haemorrhagic fever

Dengue haemorrhagic fever i s an acute febrile disease of low fatality, characterized by
high fever, intense muscular and joint pains and prolonged incapacitation. The causative
agent i s a virus related to that of yellow fever

No reservoir other than men is known. The primary vector is the cosmopolitan Aedes
aegypti but other Aedes (such as Ae. albopictus and some members of the Ae. scutellaris group)
have been incriminated. The vector can acquire the infection from an infected person up to
3 days after appearance of the initial symptoms, and the extrinsic incubation period may be as
short as 8 days.

Explosive epidemics of dengue haemorrhagic fever have occurred in urban situations in

which Ae. aegypti has been the vector. The disease has been countered by chemical insecticides

but there is a need to develop alternative methods of control including environmental ones.

2.5 Encephalitis and other viral diseases

Other mosquito-borne viruses include the neurotropic viruses that attack the central
nervous system of their hosts causing encephalitis. There are three principal encephalitis
viruses in the USA, Western equine, St. Louis and Eastern equine. Japanese B virus i s
prevalent in the Far East and Murray Valley virus in Australia. Rift Valley fever is wide-
spread in Africa. The encephalitis viruses give rise to inflammatory diseases of the brain
and spinal cord with signs and symptoms which are similar but vary in severity and rate of
progress: these include high fever, stupor, disorientation, coma, tremors and spastic
paralysis. Japanese B virus mgy give rise to a high case fatality rate, higher than malaria.

The three encephalitis viruses of the USA are primarily parasites of birds with Culex
tarsalis being an important vector of Western eauine and St. Louis encenhalitis. Eastern
equine i s transmitted from bird to bird by Culiseta melonura but Aedes sollicitans plays a
significant role in carrying the infection to horses and man. In the Far East, Japanese B
virus is primarily a parasite of mammals, and pigs can play an important role in the
epidemiology of the disease. Extensive human outbreaks, transmitted by Cx tritaeniorhyncus
and &x quinquefasciatus (= & p. fatigans), can occur. Murray Valley virus i s enzootic in
many mammas and birds in north-eastern Australia and is transmitted by Cx annulirostris.
Eighteen species of mosquitos have been implicated in the transmission of Rift Valley fever
and, in a recent major epizootic of this disease in Egypt, Cx pipiens was detected as the
major vector.

There are many other viral diseases transmitted by mosquitos and Table 1.5 (see Annex 1)
presents a list of the more important ones, their geographical distribution, summary notes on
their epidemiology, and the most common vector species involved in the transmission. Table
1.6 (see Annex 1) presents a list of the important mosquito vectors of arboviral diseases in
alphabetical order with a summary of information on the habits and larval habitats of the
adult mosquitos.
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3. The available methods of mosquito control

3.1 Introduction

The prevention and control of a number of important vector-transmitted, communicable
diseases of men rely heavily on measures for the control of the vector populations. Usually
such measures represent the most effective and often most feasible and economical means of
disease prevention and control. In the case of certain diseases (such as trypanosomiasis,
for which effective and safe drugs are still to be developed), vector control is at present
practically the only safe and effective method of large- scale control.

In mosquito-borne diseases, vector control may be directed to controlling the breeding
of vectors and thus reducing the vector population. This may be achieved by applying chemical
larvicides, by introducing biological agents i n the breeding habitats, or by implementing
environmental management works and operations.

Vector control may also be directed against adult mosquitos. The general objective is
similarly an adequate reduction in the mosquito vector population. However, in certain
operations (such as indoor residual or space spraying) the control measures may be more
selective and directed against only that portion of the mosquito population that enters, feeds
on men and rests indoors. In this case, mosquito longevity is reduced and the mosquitos die
before they can become infective and transmit the disease to man.

The methods of mosquito control may be used for (a) preventing the occurrence of diseases,
(b) suppressing epidemics, or (c) controlling already existing endemic mosquito-borne diseases.
They are usually applied in combination, in a balanced mix of various methods, integrated to
suit local conditions and needs and resources and to ensure the maximum cost- effectiveness and
benefit. For disease prevention and control, the methods of mosquito control fonn a segment
of the general integrated control strategy where antipathogenic measures, e.g., drugs,
vaccination, etc., are also included.

The available methods of mosquito control are usually classified into chemical, biological
and environmental, depending on whether the control of vectors i s attempted through the use
of chemicals or biological agents, or by management of the environment.

3.2 Chemical methods

The use of insecticides for the control of malaria and other vector-borne diseases
acquired great impetus with the advent of DDT and other organochlorine compounds i n the late
1940s. Their use in public health increased in extent and intensity with the worldwide
programme of malaria eradication which was initiated in 1956/57. The residual insecticidal
effect of some of these chemicals made it possible to sustain an attack on the malaria vectors
by means of the periodic indoor spraying of houses (see section 3.2.1 below).

The development of mosquito resistance to some residual insecticides, and the elusive
behaviour of certain mosquito vectors have diminished the effectiveness of residual spraying
and hence the extent of its application. Faced with this problem and in line with the uni-
versal acceptance of the principles and advantages of an integrated approach, planners and
operators of vector control programmes have directed their attention to other methods of
mosquito control such as larviciding, the space application of pesticides using ultra~low-
volume (ULV) techniques or thermal fogging, and the reintroduction of environmental management
and biological control measures to supplement residual spraying.

In the control of certain mosquito-borne diseases such as dengue haemorrhagic fever and
the encephalitides, reliance is at present placed mainly on aerosol application of pesticides
(uLv, fog, mist, etc.). For others, e.g., urban yellow fever, larviciding also has a
prominent place. In antimalaria programmes, there is still heavy reliance on residual insecti-
cide applications indoors, while larviciding i s increasingly being used, particularly in urban
environments. The introduction of other methods of mosquito control has been slow.
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The advantages of chemical methods of mosquito control are that they can be organized
within a short period of time, are effective, and can produce quick results at reasonably low
cost. Hence they are extremely effective in dealing with emergencies, disease outbreaks and
the protection of specific population groups, e.g., labour force, migrants, new settlers, etc.
They also have a special place i n mosquito-borne disease control programmes, particularly at
the outset to reduce endemicity and to allow other control measures to develop and play an

effective role in the integrated strategy.

It should be emphasized that the application of chemicals for mosquito control should be
planned with care and based on adequate knowledge of vector bionomics and disease epidemiology,
as most chemicals are toxic to men and are costly. More importantly, only a limited number of
safe and effective pesticides are available for public health use; this is especially so for
those with long residual effect. The long-term repeated application of pesticides may induce
vector resistance, particularly if they are also used in agriculture; if used outdoors, there
will also be undesirable environmental implications. Therefore, the use of chemicals should
be combined with the progressive use of non-chemical methods.

In the following sections chemical control methods are briefly described.

3.2.1 Residual spraying

Residual spraying is still the most effective and feasible method for the chemical control
of mosquito vectors of malaria. For the control of other mosquito-borne diseases, the use of
this method is rather limited.

The technique consists in spraying insecticides that have a persistent effect on all
surfaces where mosquitos are likely to rest — the inside walls and ceilings of houses, barns,
storerooms, stables, etc., and the undersides of roof eaves and other structural projections,
beds, tables and other furniture. The persistent or residual effect varies with the kind of
insecticide, its formulation, the dosage applied, the type of surfaces sprayed, and the
climatic conditions. The duration of the residual effect usually varies from a few weeks to
over a year. The attack is mainly directed to those endophilic mosquito vectors which
frequent human habitations, and bite and rest indoors. These vectors, while resting on the
sprayed surfaces, come into contact with the insecticide and should die before they become
infective and able to transmit the disease.

For the eradication of malaria, which implies the interruption of transmission for a
sufficient number of years, the spraying coverage of the structures (mentioned above) should
aim at being total, complete and sufficient. Actual practice in many situations has shown
that these requirements are difficult to fulfil, but nevertheless malaria transmission has
been successfully interrupted in most situations. Where such transmission has not been
interrupted, it was considerably reduced and the addition of other measures helped to further
reduce or even interrupt it.

Residual insecticides are usually applied by means of a hand compression sprayer. W to
the present, the following three groups of pesticides have been used in indoor spraying in
antimalaria programmes.

Organochlorine compounds

The most common are DDT, dieldrin, and HCH; they are applied in solution, emulsion or
suspension as a water-dispersible powder. Water-dispersible powders have proved to be the
most convenient for field use as they may be mixed with water in the rural areas immediately
before application. They have also proved to have a longer residual effect, especially on
porous surfaces such as mud walls.

CDOT was the insecticide most widely used in antimalaria programmes until the early 1970s.

Dieldrin is a very effective insecticide but i s more expensive than DDT, and its higher
toxicity to men has precluded its use in public health programmes.
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HCH is less toxic than dieldrin, its residual effect is shorter, and it has an airborne
insecticidal effect. The compound has not been used widely in large-scale antimalaria
programmes mainly because dieldrin was preferred and, once a resistance to dieldrin was
produced, there was a cross resistance to HCH as well.

Organophosphorus compounds

The development of vector resistance to organochlorine compounds led to the use of the
organophosphorus and carbamate groups as substitutes. They are more expensive, are usually
more toxic to man, and often have a shorter residual effect than the organochlorine compounds
used in public health programmes. These three factors contribute to higher operational costs,
more frequent cycles of application, greater bulk to be transported, and more costly safety
measures and equipment.

Amog this group of compounds, malathion is the insecticide most widely used i n anti-
malaria programmes. Vector resistance to malathion has been reported in a number of countries.

Fenitrothion is another organophosphorus compound of longer residual effect than
malathion but of higher cost and toxicity. Its use in residual spraying is increasing.

Carbarnate compounds

Propoxur is a carbamate compound that is highly toxic to mosquitos and has an airborne
effect. It has been used since 1979 in large-scale antimalaria programmes i n Central America
and since 1978 in Iran. However, its high cost limits its use.

3.2.2 Larviciding

The earliest chemical control of mosquitos was directed against the larval stage. By the
end of the last century the first larviciding technique was developed. Crude kerosene and
distilled petroleum oils were applied to mosquito breeding sites. The arsenical, Paris Green,
i s another old larvieide still used on a very limited scale i n some antimalaria programmes.
Both Paris Green and oils were largely replaced by newer and more effective compounds after
the Second World War.

Temephos is a commonly used larvicide; its low mammaian and fish toxicity, its lower
cost compared to oils, and its efficacy at lower dosages are factors in favour of its use in
many mosquito control programmes.

Fenthion and chlorpyriphos are also used as larvicides, particularly against culicines
breeding in polluted waters; their toxicity is higher and they must therefore be used with
care and caution.

Some of the new larvicides are short-lived and they break down in water within a few
days. Liquid larvicides are applied on water by various types of ground and aerial spraying
equipment; granules and dusts may be applied by hand or by different types of dispersal
equipment. Generally, compounds in emulsion-concentrate formulations have proved to be most
convenient for larviciding. The daily supply of concentrates can be easily carried in a small
bottle and can be diluted with water from the breeding place and applied. Compounds in
granules or dusts involve the transport of a considerable weight and so their use is limited
to situations where they are absolutely necessary or where transport is easy.

3.2.3 Space spray application

The attack on the adult mosquito by applying atomized insecticide droplets in indoor
spaces where mosquitos mey be flying or resting is not new. The "Flit" gun has been a house-
hold tool for mosquito control for over half a century. The more recent household type of
aerosol dispenser is a great improvement. The mist produced contains minute droplets that
remain airborne for periods long enough to kill flying mosquitos. Fyrethrum and pyrethroid
compounds, dichlorovos, and similar insecticides are widely used i n aerosols.
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Techniques have been developed for the application of insecticides to open spaces. The
principle i s the same as for indoor application— namely, the production of a mist or fog of
sufficient insecticidal efficacy to destroy adult mosquitos in their resting and flying areas.
In practice, these techniques usually require sophisticated equipment, skilled manpower, and
a high degree of organization and managerial efficiency. These constraints and the high
operational costs preclude the routine and wide use of space application techniques, making
them appropriate only for urban areas, emergency situations due to epidemics, or places where
other simpler methods are inadequate. In rural areas they may be a supplement to other more
permanent types of control operations.

The ultra-low-volume (ULV) technique of space application of insecticides i s the most
recent development in this field. It consists in applying highly concentrated or technical
(undiluted) compounds to the air in the form of minute liquid particles. By reducing the
volume and the weight of the insecticide per unit of area treated, operational logistics and
costs are considerably reduced.

Malathion, pyrethrum compounds and naled are commonly used in mist, fog or ULV applica-
tions.

3.3 Biological methods

3.3.1 Introduction

Biological methods of mosquito control basically consist in the utilization of natural
enemies of the mosquitos and of biological toxoids to achieve an effective control.

For many years it has been observed that certain plants, invertebrate predators (such as
Toxorhynchites), and vertebrate animals (such as frogs, fish and ducks) feed on mosquito eggs
and larvae or ingest them while picking on other food. Except for fish, these agents have
not yet been used on an operational scale in mosquito control programmes, and it i s only
recently that comprehensive studies have been undertaken of their potentiality as effective
biological agents for mosquito control.

To be effective, biological control agents should be used in a sufficiently large number.
Usually the indigenous species should be given first priority. The introduction of exotic
species calls for caution since unexpected adverse effects on local fish and on the environ-
ment have resulted from such introductions in the past.

3.3.2 Larvivorous fish

The Gambusia fish is a voracious eater of mosquito larvae and, if introduced in
sufficient numbers i n pools, ponds and marshes, it can destroy large quantities of mosquito
eggs, larvae and pupae. The fish are small, are capable of penetrating vegetative protective
cover, and can survive in the absence of mosquito larvae as a source of food. They multiply
rapidly (200-300 per female). They need no special habitat for oviposition since they are
viviparous as well as resistant to wide ranges of water temperature and water quality.

Another larvivorous fish commonly used for mosquito control i s the guppy (Poecilia reticulata).

3.3.3 Invertebrate predators

Invertebrate predators play an important role i n the natural regulation of mosquito
populations. Most of them, however, have biological characteristics preventing their mass
production for biological control purposes. Ore outstanding exception i s represented by
mosquitos of the genus Toxorhynchites, whose several species can be mass-produced.
Toxorhynchites females do not bite at all, and the larvae have predatory habits. Toxorhyn-
chites are promising enough for the control of Aedes mosquitos breeding i n plant axils, tree
holes, cut bamboos, abandoned containers and similar sites. More investigation is required,
however, before the operational feasibility of vector control campaigns based on Toxorhyn-
chites releases can be established.




3.3.4 Nematodes

A large number of mermithid species from mosquitos have been described. Several of these
have a broad enough mosquito host spectrum to constitute promising biological control agents
and at least one of these, Romanomermis culicivorax, has been mass produced for large-scale
evaluation in the temperate and tropical zones. The potential of the mermithids for the
control of ground pool and ricefield mosquitos could be rather high, wherever they can recycle
at operational levels once introduced.

3.3.5 Protozoa and fungi

A number of protozoal and fungal agents affecting mosquitos are under evaluation to
determine their potential under laboratory conditions and in small-scale field trials. Each
of these agents can be mass produced either through well known fermentation methods or at
least through cottage industry processes. Mawy problems related to industrial production,
shelf life and formulations need to be solved, however, before the most promising of these
agents become operational.

3.3.6 Bacteria

Some spore-forming bacteria, and in particular certain strains of Bacillus thuringiensis
and B. sphaericus, produce bacterial toxins which are lethal to mosquito larvae but are
innocuous to most non-target aquatic organisms and to vertebrates. They therefore constitute
environmentally safe larvicides. Larvicide formulations derived from the serotype H-14 of
B. thuringiensis are on the verge of industrial production and those based on the strain 1593
of B. sphaericus might be marketed soon afterwards. Several other promising strains have
recently been isolated. The development of a variety of safe larvicides might obviate the
consequences of resistance to conventional chemical insecticides.

3.4 Genetic control

Several genetic methods of mosquito control are being studied under laboratory conditions,
and a few, including release of sterile males to reduce fertility in a local target population,
have been tested in field trials. Sterile males for mass release can be produced by the use
of chemosterilants, by radiation causing chromosomal translocations, or through specific
cross-breeding which produces sterile hybrids.

Another method makes use of cytoplasmic incompatibility. Attempts are being made to
produce strains which are carrying favourable genes (e.g., refractory or non-susceptible to
disease agents). Means exist to introduce these favourable genes into a harmful local popula-
tion, and it may be possible to replace the local population by a favourable one through cyto-
plasmic incompatibility.

It is too early to judge the success of genetic methods of mosquito control. Success
depends to a large extent on the results of trials at present underway or planned in the
coming years.

3.5 Environmental management methods

These methods are dealt with in subsequent chapters.

4. Pest (nuisance) mosqguitos and their control

The term " pest mosquito™ is applied to all those mosquitos which, without necessarily
transmitting pathogenic organisms, are of health importance because, by repeated biting, they
have adverse effects on physical efficiency, mental rest, comfort and enjoyment of life.

Pest mosquitos are of medical importance since their bites may produce local pain, edema,
dermatitis, itching and systemic reactions, and mey open the way to secondary infections,
directly or through rubbing and scratching. In some cases the itching may last for days with




consequent restlessness, loss of sleep, reduced efficiency and nervous irritation.

The economic effects of pest mosquitos include loss of manpower output, losses in milk,
meat and, indirectly, crop production, and losses in the development and exploitation of
recreational grounds and areas. For these reasons and because some pest mosquitos may become
disease vectors, their control i s needed.

Only those developed countries where disease transmission by mosquitos iS no longer of
primary health significance can afford specific programmes to control the pest mosquito
population. Most developing countries will continue to concentrate their efforts against
vector mosquitos. One of the advantages of environmental management is that, by reducing and
suppressing the breeding habitats of vector mosquitos, it also reduces the population of pest
mosquito species that use the same habitats for breeding.

Measures against pest mosquitos are directed to the egg, larva and adult stages by
applying the techniques used against vector mosquitos. Operations are dependent on specific
needs determined from reports of complaints, established nuisance levels, routine surveys,
forecasts of floodwater elevations in a reservoir, proximity of breeding areas to places of
human activity, use and occupation.

Table 1.7 of Annex 1 presents the important species of the most common pest mosquitos,
including epidemiological data, their general distribution, adult habits, and breeding habi-
tats.

Table 1.8 of Annex 1 presents a list of the principal pest mosquito species, classified
according to the site where they are most active or cause most problems, their distribution in
geographical regions, their preferred time for biting, their usual types of breeding habitats,
and life cycle.
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Definition and cl assification

The WHO Expert Committee on Vector Biol ogy and Control2 in 1979 defined environnental
nmanagenent activities as fol |l ows:

Envi ronment al nanagenent for vector control: The planni ng, organization,
carrying out and nonitoring of activities for the nodification and/or nmani pul ation
of environnental factors or their interactionwth nan with a viewto preventing
or minimzing vector propagati on and reduci ng nan- vect or - pat hogen cont act .

Thi s approach, whi ch shoul d be carried out prudently and skilfully, is
naturalistic and involves an attenpt to extend and intensify natural factors
which limt vector breeding, survival and contact with nan.

Envi ronment al nanagenent for nosquito control covers a wi de range of works and operations
(see checklist in Annex 2) which can be further classified and defined as foll ows:

(a) Environnental nodification: "A form of environnental managenent consisting in any
physical transformation that is pernmanent or long-lasting of |and, water and vegetation, ai nmed
at preventing, elimnating or reducing the habitats of vectors w thout causing unduly adverse
effects on the quality of the human environnent." Environnental nodification includes
drainage, filling, land levelling and transformati on and i npoundnent nargins. Al though these
works are usual ly of a pernanent nature, proper operation and adequate nai nt enance are
essential for their effective functioning.

(b Environmental nmanipul ation: "A formof environmental nanagerent consisting in any
pl anned recurrent activity aimed at produci ng tenporary conditions unfavourable to breedi ng
of vectors in their habitats.” Water salinity changes, streamfl ushing, regul ation of the

2 \\HO Techni cal Report Series, No. 649, 1980 (Environmental nanagenent for vector contro:
Fourth report of the WHO Expert Committee on Vector Biology and Gontrol).
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water level in reservoirs, dewatering or flooding of swamps or boggy areas, vegetation
removal, shading and exposure to sunlight are examples of environmental manipulation
activities.

(c¢) Modification or manipulation of human habitation or behaviour: "A form of environmental
management that reduced 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, wastewater and excreta disposal,
laundry, bathing and recreation to prevent or discourage human contact with infested waters.

2. Advantages of environmental management measures

With proper planning, designh and maintenance, environmental management operations can
prevent, reduce or eliminate mosquito breeding. They offer a number of advantages over other
methods of vector control.

(a) They are effective. Environmental management uses methods and techniques which in the
past have proved effective in eliminating breeding sites or in reducing mosquito access to
man.

(b) They have long-term effects. Once the works are implemented, they remain effective for
years, with periodic maintenance.

(c) Their long-range costs are relatively low. Although the initial capital expenditure may
be high, their effects are not usually confined to vector control (see below). Therefore a
comprehensive view of long-range costs may show that they are competitive with those of other
mosquito control operations.

(d) The cost of small-scale management operations is usually within the budgetary limits of
mosquito-borne disease control programmes. |n organized programmes, even an allocation of a
small percentage of the programme budget will be adequate to produce appreciable results over

a number of years. Long-term effects may release resources for expansion to additional areas.

(e) Additional benefits may be considerable, and mutually beneficial to agriculture and
health. Better use of water and land in rural areas will contribute to the improvement and
extension of agricultural crops, land preservation, etc.; better housing and recreational
and sanitary facilities in urban areas can contribute to social development and higher
standards of living.

(f) The adverse environmental impact may be slight. Environmental modification and manipu-
lation can often be applied without causing serious adverse effects on environmental quality.

(g Their application needs only routine safety precautions such as those related to the use
of machinery. The protection of the labour force from the hazards associated with the use of
some chemical pesticides is not required.

(h) They can effectively contribute to the prevention and control of other vector-borne and
water-associated diseases such as schistosomiasis, onchocerciasis and diarrhoeal diseases.

The disadvantages of environmental management operations are mainly their high capital
cost, the length of time required for completion, and the complexity of important works which
require resources beyond those of most mosquito—borne disease control programmes. However,
small-scale operations are feasible, can be incorporated in integrated control strategies,
and applied i n combination with other methods of vector and disease control.

The application of environmental management measures should always be preceded by
thorough ecological studies to take maximum advantage of natural processes and to avoid
unnecessary environmental changes.
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3. Interrelationships with agriculture and other developments

Development activities, especially those related to land and water, may influence the
presence and density of mosquito vectors both positively and negatively. For example, the
impoundment of water by the construction of a dam will flood numerous isolated potential or
existing breeding sites and thus obviate the need for difficult and expensive operations to
keep the area clear of mosquitos. At the same time, the reservoir will produce a long shore-
line where aquatic and semi-aquatic vegetation will thrive and may become a favourable site
for mosquito production. The reduced flow in the river beddownstream of the dam may cause
the formation of shallow pools and puddles where mosquitos can breed unless the comprehensive
preventive measures discussed in Chapter III are built into the system.

The draining of marshes for land reclamation may have a positive influence by reducing
the populations of certain mosquito species, but unless this work is carried out effectively
over a wide area, the effect may be to shift mosquito breeding from one habitat to another.

The opening up of land for agriculture by the introduction or extension of irrigationis
frequently followed by an increase i n mosquito breeding in irrigation canals and drainage
ditches, and in the incidence of mosquito-borne diseases. The proper design, operation and
maintenance of these systems will contribute significantly to the prevention of such breeding
and produce economic benefits.

Maty major water resource development projects in tropical and subtropical countries may
not achieve their social and economic objectives because of the related increase in incidence
of parasitic diseases which seriously impair the health and productivity of the population.

4, Ecological impacts

Environmental modification and manipulation consist basically i n modifying the topo-
graphical, hydrological and biological patterns i n mosquito habitats so as to render them
unsuitable for mosquito breeding. Environmental management for mosquito control, while it
makes the best use of materials and natural processes existing in the environment, cannot be
expected to be entirely free from environmental impact, and this needs study at the design
stage.

The ecological impact of environmental management may, in principle, be forecast by
analysing the positive and negative effects likely to be produced by each of the proposed
works and operations. However, there are no common criteria for the measurement of ecological
effects that would give values for a quantitative assessment of impacts. This also applies to
health benefits and detriments which, although clearly and generally perceptible, sometimes
cannot be subjected to quantitative analysis.

The difficulty of assessing ecological effects does not imply that these efforts should
not continue. Appraisals based on facts and unbiased judgement can produce useful data to
guide planners and decision-makers. A degree of subjective evaluation may be needed in rating
the suitability of various alternatives.

For the study of the interactions that may be involved in the analysis of impact on an
ecological system, the use of a format or matrix may be helpful. A sample of a matrix prepared
for the analysis of the ecological impact of the construction of a dan and reservoir i s
presented in Annex 3. This can also be adapted to analyse the ecological impacts of vector
control measures being applied by a malaria control programme.

5. Present status and future prospects

Much i s known about environmental modifications and its efficacy in controlling mosquito
production. Major works involving the transformation of the pattern of land, water and vege-
tation, carried out mostly for other purposes, have contributed i n many areas to the reduction
of mosquito breeding. In some other areas, however, experience has shown that when the health
implications of the environmental changes produced by the project have not received timely
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attention, an intensification of vector-borne di seases has resulted.

Myj or enviromnmental nanagement works, such as the construction of dikes and | evees,
drai nage of swanps and marshes, correction and straighteni ng of waterways, and construction
of flood control and diversion structures, are the responsibility of specialized agencies
with appropriate financial and organi zational resources. Such works are planned for flood
protection, land reclanation, navigation, irrigation, fish production, etc., and require
substantial investment. Fortunately the agencies responsible for devel oprment projects,
particul arly those dealing with water resources, are beconing increasingly conscious of the
need to prevent the occurrence and intensification of vector-borne di seases.

Programmes for the control of nosquito-borne di seases can benefit much fromthese develop
nent schenes if vector control specialists are allowed to collaborate i n preconstruction
surveys, planning, design, construction and operation. They can propose realistic nodifica-
tions so that such schemes can contribute to the reduction and elimnation of nosquito sources.

Snal | - scal e environment al nmanagenent operations are sonetimes wthin the scope of
nal aria control programmes, and can be carried out as part of the general control strategy.
A present only a fewheal th progranmes nake use of these nethods in their operations. C her
avai | abl e net hods whi ch produce quick results have been preferred. However, the concept of
integrated control is nownore widely accepted and put into practice. Environmental nodifica-
tion operations can be adjusted to suit progranme requirenents and resources, and offer a
practical contributionto integrated mosquito control strategies. Their use is expected to
expand in the near future.

As in any other human activity, proven nethods are doomed to failure if they do not meet
the required standard of performance because of |ack of intelligent planning, clear under-
standi ng, consci entious application and firm perseverance.
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1 Introduction

Water availability is uneven both in space and in time. Rainfall and runoff are quite
variable from place to place, year to year, and season to season. Even in the temperate zone,
some places have too much rainfall and other places little or no rainfall. There is thus a
need to develop some man-made water resource management.

A key factor in water management is storage. Impoundments are reservoirs for the storage
of runoff behind man-made dams. They collect excess runoff during rainy seasons for subse-
quent release for power generation, water supply, irrigation and other beneficial uses. In
some instances, they enable flood water to be held back to avoid downstream damage.

A recent review of reservoir construction reveals that 14 large man-made lakes are
located in tropical and subtropical countries in Asia, Africa and Latin America. The Volta,
Nasser, Kariba and Cabora Bassa lakes in Africa are among the largest in the world and
schistosomiasis i s increasing alarmingly in extent and intensity among the populations
settled nearby. The current oil prices have increased the economic advantage of hydropower
generation, and studies predict that a large number of reservoirs will be built in tropical
Africa in the 1980s. These projects may result in further spread of water-related diseases
unless appropriate preventive measures are taken.

Impoundments may be constructed in such a way as to minimize vector breeding along their
shores, and precautions should be taken in designing them to that end. The shortage of
trained engineers, especially in the developing countries, is one of the reasons why good
principles of reservoir design have generally been neglected.



2. Mosquito problems in impoundments

The flooding of a vast area as the result of a dan can have a beneficial effect in
controlling mosquito production. The large number of isolated and scattered breeding sites
in the basin, so difficult to identify and treat with larvicides before impoundment, are
submerged when the area is flooded to form the reservoir. Thus innumerable small but difficut
problems are exchanged for one large but clearly defined problem which may be easier to manage.

It has been repeatedly observed that, in the absence of floating mats of vegetation,
mosquitos do not breed in the deep waters far from the reservoir margins. Nor is there any
significant mosquito breeding along the steep, main shoreline exposed to wave wash. The
areas of the impoundment subject to mosquito problems |ie within protected bights, hollows
and indentations of the shoreline. The water in such places is usually shallow and filled
with aquatic vegetation and floating material where mosquito larvae find the necessary protec-

tion from currents, wave action and wind as well as essential food and cover from natural
enemies.

The magnitude of the mosquito problem in impounded waters is in direct proportion to the
length of the marshy shoreline. As an indication of the relative importance of any reservoir
as a source of mosquito breeding, a "marsh potential”@ has been derived as a parameter based
on the following formula:

Shoreline length(m) x /\/Reservoir area(mz)

. 3
Reservoir volume(m™)

3

The unit in which marsh potential is expressed is (from the above formula) m2 xm >, i.e.,
m~1 (reciprocal metre).
For shallow run-of-the-river reservoirs with a small mean depth (volume/area) or where
the number and size of bights and indentations caused by streams and ravines produce a very
long shoreline, the marsh potential may be as high as 18 to 20m~1. For a deep reservoir with
steep slopes in a mountainous area, the marsh potential may be 2 to 3m~l. Obviously the
former situation has a much greater potential for creating mosquito problems than the latter.

Another general observation is that the marshy margins of the reservoir are not uniformly
distributed over the whole shoreline. If the reservoir is divided into three portions, as
indicated in Fig. IIlA-1, the middle portion with shallow areas, emerging islands and
extensive shoreline will produce more mosquitos than the portion near the dam, usually deep
and enclosed between steep margins with much wave action and erosion, or than the distant
portion at the tail of the reservoir, where water may be shallow but contained by the natural
banks of the river. At the design stage of the reservoir, when several alternatives for the
location and height of the damn are proposed, one criterion for the selection should be the
relative length of the prospective shoreline, as the shorter it is the lower will be the
potential for mosquito breeding.

The potential for mosquito breeding should be kept in mind also when selecting sites for
relocating the communities from areas that will be submerged when the impoundment i s full and
for establishing new settlements. The problem of village siting is dealt with in Chapter V,
Reduction of man/mosquito contact.

a Developed by CW Kruzé in rating the reservoirs of the Tennessee Valley Authority
against the potential mosquito control cost.




DAM SITE

i&L manx. elsv. iﬁ max. slev. max. elev.
} } £
3 t F
M‘ mﬂk_@‘_
Py YT min.elev. min_elev. min. elev.
SECTION A-A SECTION B-8 SECTION C-C
STEEP SHORELINE FLAT MARGINS WITH RESERVOIR WITHIN
DEEP WATER EXTENSIVE SHALLOW NATURAL RIVER BANK
WATER AREAS
Fig. IIIA-1. Generalized view of an impoundment showing the greatest mosquito

production potential in the middle third of the area of impounded
water where shallow water and protected areas, often invaded with
vegetation, provide the optimum habitat for pond-breeding
anophelines.

3. Reservoir design and construction

3.1 General remarks on design

The design of reservoirs involves a group of professionals including hydrologists,
geologists, civil and structural engineers, and soil mechanics specialists. The design must

be based on thorough knowledge of:

(a) The hydrology of the river basin. Hydrological data are essential in estimating the
dependable yield of the watershed which is a critical factor in any impoundment project.
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(b) The geology of the river basin. The character of the subsoil at the proposed dam siteis
of primary importance since on it depends the stability of the dam foundations. The perme-
ability of the soil in the area that is to be flooded is also important as it will provide an
indication of the water-holding property of the proposed reservoir.

(c) The topography of the catchment area, in general, and of the area to be flooded by the
reservoir, in particular. The land configuration on the river basin is the most decisive
factor in reservoir design; it should be such as to permit the impoundment of water while
inundating the least area of land and using the minimum of material for the construction of
the dam. This is one of the criteria for dam siting.

(d) The water requirements. The storage capacity of the reservoir and the corresponding dam
height are determined on the basis of the estimated water requirements for the various inten-
ded purposes of the project. |If flood control is one of the purposes, the project will be
designed for a given statistical probability of storms and consequent flood flows, and the
storage capacity must be adequate for the requisite control of such situations.

When calculating the volume of water to be stored in the reservoir, the following losses
must be allowed for: seepage loss through the bed of the flooded basin; water loss due to
evaporation, particularly in areas of hot and dry climate; and loss of storage capacity due
to reservoir sedimentation.

3.2 Special considerations for mosquito control

Reservoirs i n mountainous areas do not offer a serious mosquito control problem if certain
measures are applied prior to impoundment and proper maintenance i s carried out afterwards.
Reservoirs in flat terrain present more difficulties. Inundated flat lands are usually
associated with fertile soil and plant growth, particularly in those margins protected from
wind and wave action. The smallest lowering of the water level uncovers a wide marginal zone
because of the very slight slopes along the shoreline. It is therefore obvious that for
mosquito control, the following items of work should be given special consideration and need
to be provided for in the budget during the design and subsequent phases of the project:

(a) Proper preparation of the reservoir site, and in particular the clearing of trees and
other vegetation, to ensure a clean water surface at all elevations between high and low opera-
ting water levels. This is also good engineering practice.

(b) The necessary provisions for fluctuating the water level in the reservoir, whenever
feasible, during operation of the project. Water-level fluctuation as an environmental manipu-
lative measure for mosquito control i s discussed in Chapter IV, section 1.3. Arny special
requirement for spillway control gates for this purpose should be incorporated in the dan and
reservoir design.

(c) Suitable marginal drainage to avoid leaving isolated pools along the reservoir margins
when the water level has fluctuated.

(d) Permanent works, where economically feasible, to eliminate vast shallow areas on the
margins of the reservoir close to high population areas.

(e) An effective programme for shoreline and drainage maintenance, vegetation growth control,
and drift removal after the reservoir has been filled.

Environmental modification methods for mosquito control, particularly in relation to
items (a), (c) and (d) above, are discussed in the following section.
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4. Environmental modification measures for mosauito control

These measures of environmental modification are mostly directed to the preparation of
the reservoir site and to the shortening and improvement of the reservoir shoreline. Mosquito
problems in impoundments are generally limited to the shoreline zone (see section 2 above).

If the shoreline is shortened by works to produce straighter alignments and at the same time
improved to render it less favourable to vegetation growth and mosquito breeding, the chances
of successful mosquito control will be enhanced.

4.1 Reservoir site clearing

4.1.1 General considerations

Past experience has shown the adverse effects of failure to clear sites of man-made lakes.
The basin must be cleared or otherwise prepared prior to filling so that a clean water surface
will result at all elevations of the operating zone. This involves removal of trees, under-
brush, vines, fences, bridges, houses, barns, sheds, etc., which otherwise would disintegrate
and decay, and perhaps float, drift to the shore, and accumulate at the heads of bights and
indentations where such flotsam encourages aquatic plant growth and mosquito production. For
mosquito control purposes it i s not necessary to clear the deeper portion of the reservoir
where all timber would be permanently and completely submerged.

With regard to the clearing of trees and other vegetation, compromises mey have to be
made to meet difficulties arising from project purpose, topography, expected wide drawdown
range, and cost. At the design stage of the reservoir, field surveys and studies should be
carried out to forecast possible changes in the ecology of the future margins and their
effect on mosquito production. |If, as a compromise, clearing has to be selective, the
findings of such surveys can serve as a basis for delineating the areas to be cleared.

Another consideration for selective clearing i s the distance from human habitation. In
general, areas far away from villages and with difficult accessibility are not as important
as those located in the vicinity of human activities. Theoretically, the notion of "vicinity"
should be interpreted as within the flight range of the confirmed or suspected local mosquito
vectors. For practical purposes, however, it is sufficient to allow for a range of 1.5-2 kn
from the human habitation in order to provide a reasonable degree of protection (see also
Chapter V, section 1).

Advantage should be taken of the timber and other salvageable material of commercial
value in the basin. Where a market exists and the trees and other material can be transported
without excessive costs, their sale may offset significantly the cost of clearing. The
remaining brush and waste materials must be piled and burned.

The construction and subsequent total filling of a large reservoir will take a number of
years and therefore the clearing operation may span several seasons. By careful scheduling
of clearing operations, regrowth prior to flooding may be minimized in the shallow margins of
the reservoir which present the more serious potential mosquito problems. Reclearing just
prior to flooding may be required in critical areas. A carefully planned shoreline maintenance
programme after impoundage i s imperative in many reservoirs for effective mosquito control.

4.1.2 Special situations

4.1.2.1 Clearing on shorelines subject to erosion

One of the most striking changes along the margin of newly impounded reservoirs occurs
on the banks exposed to wave wash from a wide expanse of water. Depending upon the extent of
the open water and the geological formation of the bank, the slope of the bank receiving the
brunt of the wave erosion transforms into a cliff rising from an erosion terrace or beach.
In time, this beach will become stabilized at a slope of about 8:1 at the most common operating

water—level of the impoundment, and during the stabilization period a band of trees above the
clearing line may fall into the reservoir.




- 38 -

It is good practice to determ ne in advance the nargi ns where erosion wll take place and
to remove the trees that risk falling into the | ake prior to inpoundage. Fg. II1A-2 gives
the enpirical fornulafor estimating the limts of additional clearing for erosion al ong
reservoir nargi ns exposed to w de expanses (wave fetch) of water.

Sone of the newer African inmpoundrments, such as the Wolta dam are nore than 32 kmwi de
incertain places and on the steeper exposed shorelines it nay be necessary to cut trees out
of a zone 30 mbeyond the reservoir high-1level Iine.

CLEARING FOR ERQSION

fetch (meters)

Maximum Wave Height =.0137 (fetch)°S, m
Ultimate Beach Width =8 X Max.Wave Height, m
Distance for Extended Clearing =D, m

D=C X -03H{fetch)®3
COS

where C=0.5 Rock Outcrop
1.0 Firm Clay
15 Gravely Loam
2.0 Sandy Loam
<= slope of shoreline, degrees

Fig. IllA2 Qearing for erosion.

NOTE:  The pre-inpoundage clearing of tinber nust extend
beyond the basic clearing line in anticipation of bank
erosi on whi ch varies W th the exposure to wase wash,
bank sl ope and soil conditions.
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4.1.2.2 Clearing at heads of bights and indentations

In reservoirs for flood control or having flood control as one of their purposes, heavy
mats of logs and other floating debris may be trapped in the heads of bights and indentations
after floods. |f they are held or fail to strand, they will protect aquatic vegetation and
mosquito larval habitats. In flood storage zones that are not totally cleared of timber, an
area at the heads of bights and indentations should be cleared back at least 8 m from the
clearing line to provide necessary space for stranding and subsequent piling and burning of
accumulated drift.

4.2 Drainage of reservoir margins

Marginal drainage must be provided for in the zone between the maximum and minimum water
levels of the reservoir. This means that all discernible depressions lying in this zone,
which could form isolated pools sufficiently permanent to produce mosquitos when the water is
lowered, should be connected with the main body of the reservoir by suitable drainage
structures. The myriad of small puddles, hoofprints and the like which can dry up in a few
days through evaporation do not require marginal drainage. Areas that remain in a permanent
boggy condition due to the existence of subsurface springs also need to be drained. Chapter
I E deals in detail with drainage for mosquito control.

4.3 Deepening and filling

Where a large population is to be protected, the shallow margins of a reservoir (with a
high mosquito production potential) can be made unsuitable for mosquito breeding through
topographical alteration. Such alteration mey be accomplished by (a) filling the marginal
problem zones to a level above the maximum water level of the impoundment, (b) deepening the
problem zone to a depth below the lower limit of marginal growth invasion, or (c) a combina-
tion of (a) and (b). Normally, the most economical procedure would be (c) which helps
balance the quantities of cut and fill and reduces the distances the earth has to be moved
without decreasing the storage volume of the reservoir. The deepening at the shoreline zone
to Im or more will reduce the growth of aquatic plants and expose the edge to wave action;
both will discourage mosquito breeding.

A deepening and filling operation i s usually combined with shoreline reshaping, by taking
earth from land projections to fill indentations or bays. Thus, in addition to eliminating
favourable mosquito breeding sites at shallow margins, the operation will result in shorter

and straighter shorelines, directly reducing the length of the potential breeding sites.

Good topographical maps are required for planning and designing a cut-and-fill project.
Contours at 30 cmintervals in maps of the proposed improvement area are necessary if the
earthwork involved is to be accurately estimated. Detailed plans should be developed using
maps to a scale of about 1/5000, and should indicate, among other things, the cut-and-fill
areas and the new shoreline. It will be advisable to permit field adjustments i n the course
of the work to deal with any unusual or unforeseen conditions that might develop.

Conventional earthmoving equipment such as tractor-scrapers, bulldozers or graders may
be used in the cut-and-fill operation, except in boggy conditions where a dragline may be
suitable (see subchapter IIIH, sections 3 and 4). Drainage works may be installed i n marshy
areas to improve ground conditions ahead of the main operation.

Cut-and-fill measures were used extensively for the first time by the Tennessee Valley
Authority (TVA) in the Kentucky reservoir where they are an important part of the permanent
shoreline improvement programme. A plan and profile of the TVA deepening-and-filling project
are shown in Figs. IlIA-3 and II1A-4.
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Uhited States Public Heal th Service, Tennessee Valley Authority, 1947.

The capital investnent for a deepening-and-filling operation is high; however, very
little maintenance is required afterwards. With the lowinterest rates prevailing at the tine
(1947), TVA estimated that the expected savings in nmosquito control costs(the difference
between the total costs without and with the deepeni ng-and-filling operation) woul d be nore
than enough to anortize the investnent during the expected life of the project. This estina-
ted cost conparison, together with pertinent data fromone of the Tva Kentucky reservoir
deepeni ng-and-filling projects, is shownin Table I11A1  Even though conditions have change4

simlar savings woul d be possi bl e t oday.
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Table IlIIA-1. Eagle Creek deepening-and-filling project summary,
Kentucky Reservoir, Tennessee River*

Length of shore line before filling.. ....vvvviiiiiiiiiiann, .miles 115
Length of shoreline after filling.. .............cocoiiviins. miles 29
Mosquito problem area filled.. ««vueeviieniniininiiiiniiann,, acres 788
Mosquito problem area deepened. -« .« «vvieiiiiiiiis acres 76.3

Total problem area eliminated.. ................ ... .. acres 1551
Population within I-mile zone..««««ovvvvniiiiiiiiii 365
Population density per square mile..............covviiiiiia i 57
Earth moved in deepening and filling.. ««vvuvvveniaenn. .cubic yards 128,000
Cost of project including clearing, excavation, €fC... .« .« vvvvunnen.... 550,500

Annual costs:
hlosquito control without deepening and filling:

L Larviciding ««oeevereriniiiiiiii i $1,900
2. Growth removal -« v rrnntiiitrnaarnatrrnarrnannan 1,600
3. Drainage maintenance « - -« 500
— 4,000
Mosquito control with deepening and filling:
|, Bl icidOS o eeeesmenernennsnennsnennsnsnsnnennsnennss $ 300
2. Growth removal ««cceveriiin it in i it anaaan 100
3. Drainage MaintenanCe ««««« e rerurrernrreninrannrenns 200
4. Interest on capital investment @ 3 percent.. ... .. uuunn 1,500
5. Annual amortization cost for 25-year period @ 3 percent 1,400
3500
Estimated annual SAVINES . » o v s 500

"Reproduced from: Malaria control on impounded waters. Washington, DC,
United States Public Health Service, Tennessee Valley Authority, 1947.

4.4 Diking and dewatering

Where deepening and filling would involve major earth-moving operations, it may be
necessary to consider the possibility of building dikes or levees to isolate large shallow
bays for reclamation by dewatering. Such areas, if remaining inundated, could provide
numerous mosquito breeding places which would be extremely difficult to control.

In order to protect the dewatered area from excessive runoff and flooding, action should,
if possible, be taken to channel drainage from the upland watershed either through or around
the area. A drainage system should also be installed within the area to collect and convey
the surface runoff to a pumping station of adequate capacity, suitably located at the lower
end of the area and adjacent to the dike. It is advisable to include a gate-controlled
gravity-flow structure for the drainage of the diked area into the reservoir when the water
level in the latter is low enough. Spillways of adequate capacity should also be provided to
protect the dike from being overtopped during anticipated (or unexpected) high water in the
dewatered area.

The character of the soil is an important consideration in the design, construction and
maintenance of dikes, ditches and spillways. A geological investigation of the underlying
formation is necessary to determine whether seepage may be expected in the dewatered area.
The accumulation of relatively minor seepage from a'large area might result in excessive
pumping costs and affect the economics of the project.

For mosquito control purposes, it would be acceptable if the area could be dewatered
within 5-7 days after flooding. However, if the dewatered area is used for agricultural
purposes, the dewatering schedule should take account of the agricultural requirements, and
the pumping station should be designed accordingly.
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Diking and dewatering were used rather extensively for mosquito control in the Kentucky
reservoir by the Tennessee Valley Authority. A general plan and a cross section of a TVA
dewatering project are shown in Fig. IIIA-5. The method has been used i n the Netherlands,
but not for mosquito control alone. It has also been widely used in agricultural drainage and
flood protection projects. Although it provides considerable benefits i n mosquito control,
this method should be viewed rather in terms of other advantages such as land reclaimed or
protected, or improved agricultural returns. For example, economic justification for three
of the larger TVA projects in Kentucky was based principally on reduced costs for the
protection of highway and railroad fills traversing the areas. Furthermore, all 10 of the TVA
diking and dewatering projects originally constructed for mosquito control are now operated
primarily in support of wildlife interests, but without loss of the other benefits mentioned
above.
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1. Introduction

Irrigation i s the application of water to the ground primarily for maintaining the soil
moisture conditions that are most suited to plant growth and crop production.
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Irrigation produces incontestable benefits but also brings with it the constant menace of

disease and disability. In numerous tropical countries the increase of such major diseases as
malaria and schistosomiasis can be traced to the development of irrigation.

Mawy of the health hazards connected with irrigation can be prevented or at least reduced
by measures taken in the planning, design, construction and operation of irrigation systems.
If irrigation engineers and planners are informed about the environmental conditions that
favour the breeding of disease vectors, they will be able to avoid or minimize the creation of
such conditions. Likewise, vector control operators will benefit by acquiring a clearer

picture of the systems, methods and techniques of irrigation, their applicability, scope and
limitations.

2. Types of water conveyance structures for irrigation

2.1 Open canals

The earth canal is still the most commonly used structure for conveyance of water for
irrigation. 1t is one of the oldest and simplest engineering works for water resources
development.

The cross-section of earth canals i s usually trapezoidal, with the sides as steep as the

material will stand when exposed to flowing water. The slope of the sides (ratio of hori-
zontal to vertical projections) varies from 3:1 to 1:1 depending on the consistency of the
soil. The central section or bed of the canal is horizontal in a newly dug channel.

Earth canals should be stable, i.e., they should maintain their original shape so that
their water-carrying capacity is not altered. Ideally, neither deposition of sediment nor
scouring should take place in the canal. As a high flow velocity scours the channel and a low
velocity allows silt deposition, canals are in practice usually designed with a water velocity
between the two extremes. Water velocity in canals is discussed in section 4.2 of Chapter VII.

The major advantage of earth canals is their low initial cost and their simplicity of
construction. Where a labour force is readily available, canal digging provides employment
for a large number of unskilled workers.

The disadvantages of earth canals are:

(a) high seepage and conveyance water losses, and the resultant waterlogging of adjacent land;
(b) danger of bank breakage caused by overtopping, erosion and animal burrowing; (c) profuse
growth of aquatic weeds which retards the flow and gives rise to heavy maintenance costs;

(d) low operating velocities requiring large cross-sectional areas, thus a wide strip of land
is occupied; (e) deterioration of the original section, reducing the capacity and requiring
frequent trimming and reshaping; (f) the need for bridges to prevent destruction of section.

These disadvantages may be reduced or overcome by lining earth canals. The subject of
canal lining, including its advantages and economics, i s dealt with in detail in section 6 of
this subchapter.

2.2 Pipe conduits

Pipes or closed conduits are sometimes used for conveyance of water for irrigation.
While a piped system may be more expensive in certain instances, a decision in favour of an
open channel system should be based on a sound economic analysis. It is interesting to note
that, mainly because of the smoothness of its surface, a concrete pipe of 0.6 m diameter has
about the same water-carrying capacity by gravity as a canal 1.4 m wide at the water surface
level, 0.5 m deep, and 0.3 m wide at the bottom, providing the slope and other conditions are
the same. The carrying capacity of the pipeline, when working under pressure, can be further
increased without producing undue stresses that may cause leakage at the joints. If thereis
a need to convert existing canals, it may prove economical to replace them with closed
conduits rather than to line them in open sections.
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Pipes are required for water conveyance when water must be pumped, whether to overcome
differences in ground elevations or to lift it from underground sources.

Pressure piped systems are buried at a sufficient depth to protect them from damage by
ploughs and other agricultural equipment, so that the land strip above may be used for crop
production. Irrigation water is delivered where needed through conveniently spaced riser
pipes fitted with valves; the system may also be combined with sprinkler irrigation (see
section 3.7 below).

The advantages of buried pipelines are: (a) the layout is not restricted by topographic
configuration, slopes, streams, roads, irregularities, etc.; (b) the conveyance system does
not take away any land from cultivation; (c) the movement over the land is free from
obstruction; and (d) there is no mosquito breeding (or aquatic plants) to control.

The principal disadvantage of pipe conduits is that the water used has to be fairly free
of sediment. Underground water usually presents no problem, but turbid surface water may need
settling before it is introduced into the pipe network. Periodic flushing of pipelines may
be necessary to remove accumulated sediment.

3. Irrigation methods

Various irrigation methods have been devised to meet particular situations in topography,
water supply, crops, customs and agricultural practices. The most common methods (see
Fig. IIIB-1) are described below.

Drop structure
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(Adapted from: American Society
of Agronomy. Irrigation of
agricultural lands (A.gronomy
series, No. 11), 1967, p. 867)

Fig. ITIIB-1. Various methods of applying water to field crops.

3.1 Uncontrolled or "wild" flooding

This i s the oldest method applied to even and flat lands. The land requires the minimum
of preparation; the water that overflows from the supply canal runs freely over the surface
inan erratic way. |If the flow over the land is too rapid, insufficient water will percolate;
if the water i s held too long, much of it will seep beyond the root zone. In either case,
water losses are so great that wild flooding i s suitable only where water i s abundant and cheapn
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This method was practised 5000 years ago in Egypt by diverting the annual high flow of
the Nile to cover vast tracts for agricultural cultivation. It had the advantage that the
rich loam of the Nile water remained on the ground when the flood receded, thus fertilizing
the soil and increasing the top soil layer of arable land year by year.

3.2 Border-strip flooding

The method of border-strip irrigation controls the direction of the flooding water from
the supply canal as it flows slowly towards the opposite end of the field, which i s divided
into parallel strips by building borders on the edges and intermediate low levees. The
surface between levees is transversely level, so that the advancing sheet of water covers the
entire width of the strip, but longitudinally has a slight and uniform slope that allows the
even movement of the water sheet. Slopes should preferably vary between 0.2 and 0.4 %
although the method has been used for a wider range of slopes.

The width of strips usually varies from 9 to 18 m and their length from 100 to 400 m.
Rather impervious soils, overlaid by compact loams, permit long and broad strips; highly
permeable subsoils, sandy and gravelly, are better irrigated using short and narrow strips.
Each strip is usually connected to the supply canal by a gate; siphon tubes can advantageowly
be used when there is enough difference in elevation between the supply canal and the strip.

3.3 Contour check flooding

This method controls the flow of water by dividing the land into areas or checks of 0.5
to 1.5 hectares by means of check levees built along the contour lines of the terrain and
cross levees, transversely to the check levees. The land enclosed by the four levees should
be levelled. The area of each check depends on the porosity of the soil; in permeable soils,
checks should be smaller to ensure their rapid filling which i s necessary for uniform water
distribution. Levees are usually 0.25 m high and 1.80 m wide at the base. On steep slopes
the ground i s graded to a series of level terraces; in gently sloping land, the layout can
form a regular pattern of square checks.

3.4 Basin flooding

This method i s essentially similar to contour check flooding. It is best adapted to
soils having moderate-to-slow intake rates and moderate-to-high water-holding capacities,
and to smooth, gentle and uniform land slopes where good layouts for basins can be made.

The basin flooding method may be used for irrigating orchards. Under favourable
conditions of soil and slope several trees are enclosed by levees to form a basin. Each basin
mey be filled individually from ditches between alternate rows of trees or from basin to basin
inaline.

3.5 Furrow irrigation

This method does not depend on the overall flooding of land, but makes use of both
vertical and horizontal percolation. Only from one-fifth to one-half of the whole surface is
wetted. The furrow method thus reduces losses by evaporation, hinders the puddling of heavy
soils, and allows farming activities almost immediately after irrigation. Nearly all crops
planted in rows are suitable for furrow irrigation.

Furrow irrigation i s adaptable to great variations in the ground slope. Slopes of 0.5 to
3 7 are most suitable; but many types of soil can be watered with furrow slopes of 3 to 6 2%6.
Furrow irrigation has been tried successfully in ground with slopes up to 15 % but careful
attention must be given to the prevention or correction of erosion. In steep ground, furrows
are dug following the contour of the ground but with a slope of 0.5 to 3 % to ensure uniformity
in water distribution. In this sort of terrain, the supply canal will necessarily be on a
steep gradient and will usually require lining. Movable baffles may be used to divert the
flow into the furrows. In some situations the supply canal may have to be replaced by a
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pipe carrying water under pressure and delivered through valves.

The depth of the furrow depends on the depth of the root zone of the crop concerned,
the nature of the soil, and the agricultural equipment used. In ordinarily permeable soils,
furrows vary from 0.07 to 0.15 m deep; in soils of low permeability, furrows should be from
0.20 to 0.30 m deep.

Furrow spacing must allow for the lateral growth of the plant, the need for air circula-
tion between plants, and convenience in cultivation and harvesting. For ordinary crops of
low to medium height, furrow spacing ranges from 0.50 to 1.00 m. In orchards, furrows may
be spaced from 0.90 to 1.80 m. When the topsoil has a high capillarity or when the subsoil
i s impermeable, furrows may be spaced as far as 3.00 to 3.50 m.

The length of the furrow i s determined by soil permeability, and is often in the range
of 100 to 200 m. Very long furrows cannot be irrigated uniformly since it takes time for the
water to reach the lower end, which may thus be under-irrigated while the upper end will be
over-irrigated.

Furrows of small cross section are usually described as corrugations.

3.6 Subirrigation

This method consists in applying water beneath the ground surface so that it reaches the
root zone by capillary movement. For the successful practice of this method, special
topographic and soil conditions such as the following are required: (a) large tracts of low-
lying land with a uniform and moderate slope of about 0.2 %  (b) a topsoil of permeable loam
or sandy loam which permits free lateral movement of water; (c) a relatively impervious sub-
soil at a depth of about 1.80 m or more, which prevents the percolation of water to the lower
strata; and (d) a groundwater table at a level such that only a small rise will enable the
soil of the root zone to be moistened by capillarity.

Subirrigation demands that the fluctuation of the groundwater table should be closely
followed by means of piezometers or inspection wells. Accurate control of the water supply
is essential to prevent waterlogging and accumulation of salts due to excessive supply and to
avoid plant wilting due to water deficit.

Subirrigation can be applied either through a system of deep and narrow ditches (0.60 to
0.90 m x 0.30 m at the base) where the soil is consistent and allows almost vertical sides,
or through a perforated or open-jointed pipe system, or through a combination of both. Under
favourable conditions, it can be a particularly efficient method of water application.

3.7 Sprinkler irrigation

This method consists in applying water to the surface of the ground as an even spray.
Sprinkler irrigation can be effective where other irrigation methods are impractical or

uneconomical. It is indicated in situations where the land topography is so irregular or
hilly that levelling would be too costly, where the ground is too steep or easily erodable,
where the cover of fertile soil is too shallow to allow its proper grading, where excessively

porous soil does not hold water at the root zone, or where the supply of water is inadequate
for efficient and even distribution.

Turbid waters are objectionable for sprinkler irrigation because the abrasive action of
silt accelerates the wear of pump propellers, nozzle orifices, bearings and hinges, and debris
can obstruct the delivery of water by clogging the sprinkler nozzles. Where the use of
turbid waters is unavoidable, appropriate treatment by screening and by sedimentation must be
provided. Canal water, when used for sprinkler irrigation, must be diverted to shallow tanks
or boxes for a period of settlement before being pumped. It must always be borne in mind that
such installations as grit chambers, sedimentation tanks, detritus basins, distribution boxes
or pump sumps are potential sites of mosquito breeding which may very easily turn into active
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foci of mosquito production. These installations should be examined once a week, and should
be drained and dried for a day or so, or treated with larvicides whenever mosquito larvae
are present.

3.7.1 Mechanized sprinkler irrigation

Ore of the earlier types of mechanized sprinkler was the rotating boom with a diameter of
40 to 80 m and an effective watered diameter of up to 180 m (see Fig. I1I1B-2). This was
either moved by tractor or self-propelled. A later development was the centre-pivot sprinkler
which has nozzles mounted along a lateral of up to 700 m radius and i s supported on a series
of wheeled, power-driven towers at intervals throughout its length as it rotates to water a
circular area of some 160 hectares.

Simall jets

Large jet

WHO 811059

THE IRRIGATED AREA

Fig. I1IB-2. Rotating-boom sprinkler.
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Other variations include the lateral line or side-move multi-sprinkler system which
consists of a long sprinkler line, as with the centre pivot model, but supply is from a
flexible hose or channel at one end of the line which advances at a constant rate across the
land on self-propelled towers (see Fig. IIIB-3).

Carriage <3

Shift between parcels by <>
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Flexible pipe
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) ‘ Cable
for water supply W \
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Fig. ITIB-3. Lateral-line sprinkler.

The "big gun" is a single sprinkler system and can be either skid or wheel-mounted and
tractor towed, or self-propelled and mounted on a wheeled cart (see Fig. IIiB-4).

These systems offer the advantage of improved water control as regards quantity and
timing and, where their use is suited to the type of agriculture, they can therefore be
expected to reduce the risk of irregular application and associated mosquito breeding. They
can also be used for the application of pesticides with the irrigation water. Even so, they
do not eliminate all mosquito breeding problems.

Water supply may still be from an open source, with the risks described for impoundments
and channels. The watered area may extend beyond the cultivated area, especially for large
circular pattern sprinklers influenced by wind distortion. This can result in standing pools
of water on impervious land, on roads, or in drainage channels. The use of wheels or skids
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introduces the problem of compaction of the soil in the track of the sprinkler, with a
tendency for water to collect in the ruts and provide mosquito breeding sites.
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Fig. 111B-4. Big gun sprinkler, self-towed by cable.

3.7.2 Localized sprinkler (trickle or drip) irrigation

Probably the safest method of irrigation from the viewpoint of mosquito control is the
localized system, usually referred to as "trickle™ or "drip" irrigation. It consists of a
low pressure supply piped directly to the crop, with "emitters" through which water is
delivered adjacent to the plant. The system i s generally used for row crops and for
individual bushes or trees. The emitters may take the form of small orifices in the walls of
the plastic supply lines or of calibrated valves mounted on the lines. 1In all cases, the
rate of discharge i s adjusted to supply the crop without extensive wetting of the surrounding
land and with no standing water. The method has therefore few disadvantages in relation to
mosquito breeding when used in the appropriate circumstances.

However, there are technical and economic drawbacks to its use in agriculture. It
requires a clean water supply, free from solid and organic matter which may block the
emitters; it is not suitable on heavy soils where local ponding may occur; and it is not

recommended where crop growth makes access to and inspection of the system difficult or where
there is a risk of damage during cultivation and harvesting; the system is expensive and
generally i s suitable only where high-value vegetable and fruit crops justify the investment.

In arid areas the use of localized irrigation, although well suited to crop production,
may cause an increase in soil salinity in the root zone of the plant. This must be corrected
by periodic leaching of the soil with a higher discharge method of water application,
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probably by surface supply. Such water application has the same implications for mosquito
breeding as an equivalent method of surface irrigation, and similar control measures are
called for.

4.  Mosquito problems in irrigation systems

4.1 In canals

In open irrigation canals, water that leaves the reservoir, river or pumping station is
conveyed along main canals to laterals and finally reaches the distribution ditches that
supply one or more cultivated fields.

Mosquito problems are to be expected in the whole canal complex, but the greatest risk is
in the minor distribution channels which are more suitable for mosquito production than the
larger canals, and whose maintenance i s given less attention, particularly when it i s no longer
the responsibility of the irrigation authority and is put under the care of the users. Where
waterflow i s sluggish, or where canal banks are eroded or choked with vegetation, or where
channel sections are irregular, mosquito breeding is a real or potential danger. General
experience demonstrates that the smaller the canal, the greater the chance of mosquito multi-
plication; this also applies to the snail host of schistosomiasis.

Ary damage to the channel resulting from heavy storms and flooding, from heavy machinery,
cattle crossing, etc. will alter the canal shape and produce water pools where mosquitos will
breed. Courses with twists and sharp bends are liable to erosion and silting, resulting in
the formation of pockets of quiet water equally suitable for mosquito breeding. Bank erosion
may be accelerated by turbulence and whirlpool action in places where there is a change in the
water velocity such as occurs downstream of culverts, bridges, chutes and drops, at diversions,
and at the outlet of desilting basins. Such erosion widens the canal cross-section, retarding
the waterflow and creating conditions suitable for mosquito breeding. Wherever there is a
change or obstruction in the canal that causes an alteration of water velocity, the cross-
section should be protected against the resulting scouring action. In view of the dangers
attendant on erosion, the advantages offered by canal lining are obvious.

4.2 On the land adjacent to canals

The conveyance canal has to be constructed on the highest ground elevation possible in
order to irrigate adjacent land. Therefore, canal banks are often raised using earth obtained

from "borrow" pits (see Fig. IlIB-5).

Often runs parallel

Seepage Fill from borrow to canal

SR
New ground level Original ground level

Fig. I1IB-5. A typical conveyance canal section
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Water from the canal is continuously seeping through to the adjacent ground. Except in
the case where there is an intentional supply through a planned subirrigation system, this
seepage represents an uncontrolled flow in excess of measured deliveries for irrigation, and
may raise the groundwater table to a level where it reaches the surface i n natural or
artificial depressions of the land. These pools, formed on the strips adjacent to the canal,
are suitable sites for mosquito breeding. Pools can also be produced by uncontrolled water
conveyance and distribution with consequent spillage over the banks and inundation of the
land. Pools that may remain for the ten days or so that are required for the egg to develop
into an adult mosquito must be filled or drained.

"Borrow" pits are among the most likely spots for mosquito production. Earth for the
construction of dams, dikes, canals or roads should be "borrowed" from places where the
resulting excavation will not create mosquito breeding sites. Even the most convenient and
economical location for "borrowing'", if it entails a risk of mosquito production, may have to
be abandoned for one where the risk is less, or else provided with preventive drainage works.

Earth can often be borrowed by stripping land at moderately high elevation, thus lowering
its level and bringing it within reach of irrigation. In this way the additional expense of
hauling the earth may be economically justified.

4.3 In the cultivated fields

Irrigation methods based on the flooding of land, whether the flooding is controlled or
not, always present a risk of mosquito production. Two precautions should be taken in order
to reduce this risk: (a) each flood period should not last more than a few days, and after
the withdrawal of the water the area should be allowed to remain dry for at |least one day;
and (b) the border strip, contour check or basin should be frequently levelled and graded to
ensure an even and uniform surface that will not produce pools when the flood water i s with-
drawn.

In uncontrolled or "wild" flooding, these two precautions are not applicable, and this
method must be recognized as presenting a risk to human health.

The importance for mosquito control of the rapid and thorough remova of water from
irrigated fields and of the drying period cannot be overstressed. Unless the drying period
is sufficiently prolonged to kill mosquito larvae, the interruption in the delivery of irriga-
tion water will be of no avail. The only way to accomplish the rapid withdrawal of water
required before drying the land i s by the provision of properly planned drainage.

Though furrow irrigation offers less opportunities for mosquito breeding than flood
irrigation, the relatively safe methods from the viewpoint of mosquito production are
localized sprinkler (trickle or drip) irrigation, mechanized sprinkler irrigation, and sub-
irrigation. It must be noted that even these methods can create a hazard if they are not
properly operated.

5. Design of irrigation systems

5.1 General remarks on design

The design of irrigation systems requires a detailed and often specialized knowledge of
site conditions and the use of complicated techniques. The subject i s beyond the scope of
this manual and only general remarks are outlined here for the understanding of the vector
control worker.

The subject of water storage is dealt with in subchapter 111 A (Impoundments), but not
all irrigation schemes depend on such stored water. Mawy use river water without impoundment.
The river water i s diverted directly to the main canal by a side off-take, a pumping station,
or a diversion weir built across the river which at the same time ensures a minimum head of
water at the diversion point. For the design of such a system it is essential to have a full
picture of the pattern of streamflow and its seasonal variations over a long period of record.
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The design of anirrigation systemis governed by:

(a) The anount of water available to ensure proper irrigation, which in turn deternmnes the
naxi numarea that can be irrigated for each particular crop or conbination of crops.

(b) The consunptive use of water, that is, the quantity of water the crop needs in order to
growfromthe seed to the productive stage, or the plant needs for devel opment and conti nued
production. Consunptive use also includes the | osses by transpirationand evaporation that
take place in the plant and its adjacent space. It is a particular characteristic of each
crop, and is closely related to climatic factors. To provide an indication of the order of
nagni tude of the water requirenent, Table I11B-1 lists figures for different crops in areas
around Hyderabad, India.

TABLE I11B-1. VWéter requirenents for different crops
(From FAO/UNESCO. Irrigation, drainage and salinity. London, 1973, pZ%.

G ow ng
season . . : .
Gop (nunber  of Total water requirenent Mean dai |y water requirenent

days) m3/ha inches  m?/ ha i nches

Barl ey 88 3600 14.1 41 0.16
Chilli 202 9850 38.8 48 0.19
Cotton 202 10700 42,2 53 0.21
G oundnut s 124 6600 26.1 53 0.21
Jowar (sorghum vul gare) 114 6500 25.7 58 0.23
Li nseed 88 3200 12.7 35 0.14
Mai ze 100 4550 17.8 46 0.18
Mist ar d 88 2700 10.6 30 0.12
Gat s 88 3700 14 .4 41 0.16
Peas 88 3000 12.0 35 0.14
Pot at oes 88 6800 26.7 76 0.30
Ragi 127 7600 29.8 58 0.23
R ce 98 10600 41.7 109 0.43
Sugar Cane 365 24000 95.0 66 0.26
Tobacco 132 10000 39.2 76 0.30
Weat 88 3750 14.8 43 0.17

* I'ncludes water lost in transpiration and by evaporation and seepage. The results are
applicabl e to areas around Hyderabad, |ndia.

(¢ The characteristics of the soil. The depth, perneability, noisture content and chem cal
quality of the soil, its capacity to retain noisture, and the water table level all influence
the amount of additional water to be supplied to satisfy the demand for consunptive use and to
prevent a build-up of salts within the crop root zone.

(d) The clinate, and particularly the precipitation, tenperature, air humdity and w nd speed
during the cultivation season are factors determning consunptive use.

(e  The topography of the land which is generally a decisive el ement in the design of the
irrigation system

Based on the above considerations, the engineer will decide the nethod of irrigationto be
adopted, the general |ayout of the schene, the type of conveyance preferred, etc. He wll
then proceed with the detailed design of the canals, punping stations if required, roads,
bridges and other auxiliary structures. The final selection between possible alternatives wll




- 54 -

depend on their technical advantages and al so on their relative econony. The proposed schene
nust be financially viable and economcal ly justifiable.

For mosquito control, there are certain special aspects which need to be considered in
the design of an irrigation scheme; engineers have sel domgiven themsufficient attention

inthe past, primarily because they did not properly understand the inplications. These
speci al considerati ons are di scussed bel ow

5.2 Special considerations for nmosquito control

Fromthe di scussion of nosquito problens inirrigation systens (section 4 above) it is
clear that nosquito breeding is associated with poor canal conditions, seepage pool s al ong
canal s, and accunul ation of water for prol onged periods on irrigated land. Mjor nethods to

prevent and control these situations, which should be given serious consideration by the
engi neer, incl ude:

(a) use of a safer irrigation method, such as mechani zed or |ocalized sprinkler irrigation,
if technically feasible and economcally justified,

(b) use of closed conduits instead of open canals for water conveyance;
(0 [ining of canals;
(d) good alignment of canals and avoi dance of sharp curves;

(e) effective canal nai ntenance to ensure that the canals are in good shape and general |y
free fromvegetation and silting at all tines;

() intermttent irrigation and periodical drying of canals and fi el ds;
(g) canal flushing;
() proper formng and grading of the land to be irrigated; and

(i) good irrigation practices with suitable control to avoid over-irrigation and water
accurmul ation on irrigated |and.

Canal lining(item (c) above) and curves in canals (item(d) are dealt with in detail
insections 6 and 7 bel ow, while land grading(item () is the subject of subchapter IIIF.
To facilitate drying of canals and fields(item (f)) and canal flushing (item (9), itis
necessary to install gates and siphons at suitable [ocations in the canal system sone
remarks on this topic are included in section 8 below Canal flushing as an operationis a
mani pul ative measure and is dealt with in Chapter 1V. As water velocity in the canal is
usual |y considered a factor influencing mosquito breeding, the method of cal cul ating vel ocity
in open channel s(Manning's formula) and the lintations in velocity nmanipul ation are
expl ained in section 4.2 of Chapter MI.

It is to be noted that good engi neering practices i n the design, operation and mai nten-
ance of irrigation schemes are conpatible with nosquito control requirements. The rejection
of a better alternative, which is also safer for nosquito control, €9., the use of closed
conduits or lining of canals, is normally made on grounds of its higher initial cost. Wile
the difficulty in raising additional funds for construction should not be underrated, the
cheapest alternative in terns of initial cost may not be the nost economcal in the |ong-run.
This fact is often ignored. The econom c conparison between unlined and |ined canal s given
in section 6.5 of this chapter and the conpari son between several alternative control methods,
as given in section 2.4 of Chapter VII, may serve as exanpl es of how a choi ce shoul d be nade.

The inportance of an effective nai ntenance programme (item () above) cannot be over-
enphasi zed. To keep the canals and auxiliary structures in good shape i s good engi neering




practice and is at the sane tinme beneficial to nosquito control. Such a programme should be
envi saged during the design phase of the schene, and shoul d be adequat el y budgeted for,
appropriately organi zed, and properly carried out once the schene is put into operation.
Fig. I11B-6illustrates sone of the good and bad features often found in irrigation systens.
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Canal lining

In irrigation systems, water losses can be so great under ordinary operating conditions
that only about one-third of the water diverted at the intake of the system is actually
delivered to the root zone. The other two-thirds are lost through low efficiency in
conveyance and in application, and through deep percolation.

Both application and conveyance efficiencies can be greatly improved. Water losses due
to poor application can be reduced by avoiding over-irrigation leading to excess drainage and
percolation, by skilful canal management to regulate proper water delivery and by good on-
farm practices. To prevent losses due to seepage from canals and laterals, watertight
conveyance structures are needed.

Closed underground conduits have many advantages over open channels, and in a number of
countries much use has been made of buried plastic or concrete pipes, particularly for small
water discharges where silting is not a major problem, but canal lining remains the most
commonly used measure for preventing excessive seepage and for other reasons.

The benefits resulting from canal lining include:

(a) the saving of water by decreased seepage and conveyance losses; this is of particular
importance where water i s scarce and distant or has to be pumped;

(b) the protection against deformation and breakage of the canal banks;

(c) the prevention or reduction of canal scour, silt deposition and weed growth, thus
reducing the need for frequent and expensive maintenance;

(d) the saving of land for cultivation by using narrower channels and fewer drainage ditches,
thus also reducing drainage problems;

(e) the saving in cost resulting from the reduced sizes of canals and auxiliary structures;

(f) increased crop production by preventing waterlogging of the soil due to seepage and
possible salt accumulation at the plant root zone;

(g) 9reater commend of land resulting from flatter gradients of supply canals, or alter-
natively the possibility of shorter channels.

From the viewpoint of mosquito control, the main advantages of canal lining (especially
lining with a hard surface or an exposed membrane) are:

(a) it increases water velocities, thus preventing stagnant or sluggish water that favours
mosquito breeding;

(b) it eliminates rooted growth when properly maintained and facilitates removal of floating
weeds, thus depriving mosquito eggs and larvae of protection and shelter;

(c) as seepage is less, it reduces the need for drainage; drains, which always represent an
active or potential danger of mosquito production, can be fewer and further apart.

The repeatedly expressed view that lined canals are too expensive i s usually based on
considerations of initial cost alone. An analysis, properly carried out and taking into full
account the various benefits listed above, may well prove that canal lining i s more economical
(see example in section 6.5 below). Even in terms of initial costs, lined canals should be
rather competitive in new irrigation systems when the construction work i s incorporated in
the original design and i s offset by reduced excavation and other costs. Canal cross-sections
and auxiliary structures can in mawy cases be made smaller since the carrying capacities
required are reduced (seepage loss being less) and higher flow velocities may be possible.
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In existing canal systems, lining will be an additional cost; consideration should then be
given to possible advantages from their relocation, as it may be less expensive to dig a new
ditch than to prepare an old one for lining. In that case, provision must be made for treat-

ment of the old ditch by filling, draining, or otherwise modifying it so that it does not
present a mosquito problem.

Canal linings are of several different types. These are discussed in the following
sections.

(Adapted from:
McJunkin, F.E.

Water, engineers,
development, and
disease in the
tropics, Washington,
DC. United States
Agency for Inter-
national Development,
1975).
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Fig. IIIB-7. Typical section of concrete canal lining.

6.1 Paved or hard surface

The materials most used for this type of lining are Portland cement concrete, asphalt
concrete, stone and brick (see Fig. 1IIB-7). When properly constructed and maintained, a
paved hard surface lining embodies more desirable features than any other type. In addition
to controlling seepage, it permits velocities conducive to minimum sedimentation without
scouring and affords maximum obstruction to weed growth. Furthermore, it i s durable and
resistant to mechanical impact. Portland cement concrete lining can be made in situ or can
take the form of precast slabs or panels. The latter method is widely applied because it is
rapid, simple and requires the minimum of equipment. Asphalt concrete, where properly used,
can produce linings comparable in many aspects with those of Portland cement concrete.
However, the expected service |ife may be shorter and the subgrade soil may have to be treated
to prevent plants and weeds piercing the lining. The choice between Portland cement and
asphalt concrete will depend on price differences and the suitability of local materials for
use as aggregates.

Linings of brick and stone masonry are advisable only where the cost of labour is low
and where there i s abundance of these materials in the locality.

6.2 Membranes (see Fig. ITIB-8).

6.2.1 Exposed membrane

In principle, a lining should be so flexible that it can adapt to small settlements in
the subgrade without breaking, cracking, or ceasing to be watertight. At the same time, the
lining should be reasonably resistant to deterioration from weathering, changing pressures,
and mechanical rubbing or impact. Among the materials that have been tested and shown to
meet these requirements, the most satisfactory are:

(a) Prefabricated planks of heavy asphalt sandwiched between two thin layers of asphalt-
saturated felts. Channels of uniform cross-section are most suitable for this lining,
provided that good alignment i s maintained throughout.

(b) Prefabricated asphalt-coated jute sheeting, which is, however, less satisfactory than

the thicker asphaltic felt plank type. It deteriorates more rapidly and is less resistant
to mechanical damage.
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Fig. 11IB-8. Typical section of canal showing two types of membrane.
(Adapted from: MecJunkin, F.E. Water, engineers, development,
and disease in the tropics, Washington, DC. United States
Agency for International Development, 1975).

(c) Butyl rubber sheeting, which is the most satisfactory lining material for exposed
membranes, i s supplied with or without fabric reinforcing. Thinner nylon-reinforced sheeting
i s also available. Butyl linings are watertight and age very slowly.

The exposed membrane linings have about the same roughness coefficient as concrete
linings. The maximum permissible velocity i s estimated to be 0.9 m/s. This type of lining
requires more care in removing sediment than the hard-surface type. These linings are also
subject to a degree of damage by livestock and should be protected from heavy animal traffic.

If silt deposits remain for extended periods, weeds will grow in the exposed and shallow
portions and may puncture the lining, particularly if it is of the asphalt type. Subgrade
sterilization prior to installation will protect against vegetation erupting through the
lining.

6.2.2 Covered membrane

This type of lining is very effective in controlling seepage and, because it is less
expensive than other linings, its use has extended in recent years. The membrane may consist
of any watertight material that has a long life in the soil.

(a) Earth membrane. Bentonite or other impervious soils are used in this type. Very little
preparation of the subgrade i s required, but the canal must be shaped to proper alignment and
grade.

(b) Covered asphalt membrane. This is a relatively recent development in lining techniques.
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It consists of a thin layer of asphalt sprayed on the prepared subgrade of the canal, a cover
of fine texture earth, and a layer of gravel on top.

(c) Plastic film and rubber sheeting. In this type of covered membrane lining, the asphalt
layer i s replaced by a film of polyvinyl or polyethylene, or rubber sheeting as used in the
exposed membrane lining. Both the film and the sheeting are more nearly watertight and resis-
tant to puncture by vegetation than the asphalt membrane, but sterilization of the subgrade is
still considered advisable. Butyl rubber sheeting, which is used for exposed membrane linings,
is also suitable for buried membrane lining. However, it is more expensive than the plastic
film because it has to be thicker. Nylon-reinforced butyl sheeting, which i s particularly
suitable where internal stress may develop, must not be less than 0.8 mm thick to afford
sufficient protection to the nylon mesh.

In covered membrane linings, the cover materials are almost as erodable as the untreated
earth in unlined canals, and the surface has about the same roughness and tolerates the same
maximum flow velocity as that of unlined canals. Weeds may grow on the earth cover, reducing
the method's effectiveness i n mosquito control.

6.3 Compacted earth

Where suitable earth material is available at or near the site of construction, a lining
of thick compacted earth may be an economical and effective means of controlling seepage (see
Fig. 111B-9). Gravelly and sandy clays with plasticity indices2 between 21 and 24 are the
best soils. Materials with a high index are difficult to work and tend to be unstable. Those
with a lower index have less resistance to scour and in cold climates are susceptible to frost
damage.

In fill In cut

Original ground surface

Compacted smbankment

Compacted earth lining

Fig. 111B-9. Typical section of thick compacted earth lining.
(Adapted from: McJunkin, F.E. Water, engineers, development,
and disease in the tropics, Washington, DC. United States Agency
for International Development, 1975).

A thick compacted earth lining i s constructed by spreading selected earth materials in
layers, 0.15 m thick, and compacting each layer with a smooth roller. This material should
have a moisture content which will allow maximum compaction. The subgrade of the canal before
the lining cover is applied, should be over-excavated to accommodate the thick layer of earth
and the side slopes should be such (usually 2:1) that scouring is resisted. The effective
thickness of the lining varies from 1.10 m for larger canals to a minimum thickness of 0.3 m
for very small canals.

a Plasticity index = the differencein water content as percentage of dry weight
at the liquid limit and plastic limit of a soil.
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The reduction of seepage loss depends on the impermeability of the material, which can be
improved by blending it with fine-grained clays and silts or by adding asphalt or Portland
cement (soil-cement) which also increases resistance to scouring. However, regardless of the

water-transmitting characteristics of the earth material, a great improvement is achieved by
proper and thorough compaction.

Water velocities in canals with any type of earth lining must not exceed the limit that
causes erosion. This permissible |imit depends on the nature of the material and i s usually
less than 0.9 m/s. Even then, scouring may take place in bends and below structures, and a
topping of gravel or rock must be laid in such critical areas; the generalized use of this
topping will reduce the need for frequent maintenance. Like covered membrane linings,
compacted earth linings have about the same smoothness as unlined canals, and hence have no
hydraulic advantage over them with respect to carrying capacity. They will not control
vegetation growth as effectively as a paved or hard surface lining.

As the volume of earth material to be excavated, conveyed, spread and compacted i s large,
heavy equipment i s unavoidable if compacted earth lining i s to be competitive with other types
in cost and speed of application.

6.4 Earth and chemical sealants

For a long time it has been known that in natural courses and canals carrying muddy water,
leakage, erosion and waterweed growth are reduced. Attempts have been made to imitate this
process by sluicing fine-grained material into canals, but the degree of seepage control
obtained was too slight to justify the continuation of this practice.

The idea of a waterborne sealant and channel stabilizer was too attractive to be aban-
doned, but the many materials and methods that have been tested have met with only partial
success. Waxes, asphalts, resins, lignins and polymers have been tested as chemical sealants.
Prepared in emulsion form and released in the water, they flow down the channel, settle on
the perimeter and ultimately percolate into the soil. Trials show, however, that the sealant
is held on the surface where it is easily damaged. What i s needed is a sealant that pene-
trates the soil but not deeper than 15 to 20 cm, so that it concentrates where it i s needed
without being exposed to damage. Claims have been made that sealants have reduced seepage
losses by 60 Z. Even if this is so, their effectiveness i s not long-lasting and they have to
be applied at frequent intervals; but if the treatment i s inexpensive enough, periodic appli-
cations mey compensate for short-term effectiveness.

6.5 Service life and comparative costs

Experience has shown that paved or hard surface linings may |ast indefinitely with the
minimum of maintenance. Stone, brick and concrete revetments of large rivers in European
cities and of small channels in tropical rural areas, built at the beginning of this century
or even earlier, are still serviceable. Therefore a conservative figure for the service life
of hard surface linings, for use in estimating depreciation, would be 50 years.

Soil-cement linings are supposed to be still serviceable after 10 years of use. The
assumption has been proved correct in cases where cracking, scaling and other surface
deteriorations have been immediately repaired.

Membrane linings are more affected by weather factors than other types of linings. In
general, the |ife expectancy of membranes is between 5 and 10 years. Linings that depend on
sealants and compacted earth are considered to last even less well than membrane linings.
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The conparative cost of different linings was an el enent in a research project? carried
out in 1970 by the Government of India with FAO assistance. Frominfornation produced by
this project, it nay be concluded that the construction cost per unit length of a lined canal,
conpared with that of a simlar unlined canal, is about 8 to 9 tines higher, for brick and
concrete linings; about 3.5 to 4.5 tines higher, for soil-cenent [inings; and about 25 to
3.5 tines higher, for clay and bitunen conpacti on.

b

Inan FAOpublication= anillustrated exanpl e gf cost analysis for an unlined and a

lined canal of equal water-carrying capacity (28.3 /s) is presented. A short resumé follows.

The conparative cross sections of the unlined and the lined canals are shown in
Fig. Ill1B10.

Fig. 111B-10. Conparative cross sections of an unlined angd a concrete-Iined
canal (in netres). (From  FAO publication-

The hydraulics of the two sections are determned according to the foll owing assunptions and

criteria:
Unl i ned canal Li ned canal

Perm ssi bl e vel ocity 0.5 m/s 1.5 m/s

Bank sl opes 2:1 1.5:1

Seepage | oss 0. 46 r’r?/mzl day 0. 015 n?/ nf day
Coefficient of roughness, n(Mnning) 0.0225 0.013

Land area 1lost 47 n12/ m of canal 31 rr?/ m of canal
Annual nai nt enance cost $1.15/m $0.50/m

A Food and Agriculture Oganization of the United Nations. Soil survey and soil and water

nmanagenent research and denonstrationin the Rajasthan Canal area, India: Investigations in i
soi |l "and wat er managerment. FRone. 1971 (unpublished document AGL:SF/IND 24.. Technical Report 2).

o Kratz, DB |Irrigation canal lining. Rome, Food and Agricul ture O ganization of the
Uhited Nations, 1977 (Land and Water Devel opnent Series, No. 1).




Factors common to the two canals:

Maximum water depth : 310 m

Top width of banks : 425 m
Available slope : 0.0002

Cost of excavation : $0.65/m3
Value of water : $0.33/100m3
Annual interest rate : 57

Annual right-of-way cost :  $180/ha

Equivalent time of operations : 6 months continuous full flow

Data pertinent to the lined canal:

lining material : Portland cement concrete lining, unreinforced
thickness : 7.6 cm

service life : 40 years

cost : $4.30/m2

Based on the technical criteria, the hydraulic computations give the following results:

Unlined canal Lined canal

Cross-sectional area 62 m2 20.2 m2

bed width 13.7 m 4.3 m

water depth 31m 25 m
Wetted perimeter 275 m 132 m
Hydraulic radius 226 m 153 m
Hydraulic gradient 0.000036 0.000036
Freeboard 1.05 m 09 m
Excavation 38.0 m°/m 17.3 m3/m
Seepage loss 275 x 046 = 12.7 m°/m/day 13.2 x 0.15 = 0.2 m>/m/day

12.7 x 180 = 2300 m3/m/season 0.2 x 180 = 36 m3/m/season
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Calculation of the annual cost per metre i s given below:

Unlined canal Lined canal
(a) Capital cost:
excavation 38 m3 at $0.65 = $24.70 17.3 m3 at $0.65 = 11.25)$77 47
concrete lining 15.4 m” at $4.30 = 66,22) —
interest %(24.7 x 0.05) = $ 0.62 ¥ (77.47 x 0,05) =3 1.93
depreciation of
lining 66.22/40 =$ 1.65
(b) Value of lost 3 3 3 3
water/year 2300 m~ at $0.33/100 m° = $ 7.60 36 m~ at $0.33/100 m~ = $ 0.12
(¢) Maintenance = $ 1.15 =$ 0.50
(d) Right-of-way cost 180 x 47/10000 = $ 0.85 180 x 31/10000 = $ 0.56
$10.22 $ 4.76
Annual saving per metre of lined canal = $ 5.46

7. Curves in canals

Canals with bad alignments rapidly deteriorate through erosion and silting. To reduce
the need for channel maintenance, canals should, where possible, have long straight reaches
and large radius curves that allow a streamline flow. Table IIIB-2 gives data on curves for
canals and Fig. IlIIB-11illustrates the elements referred to in the Table.

Table I1I1B-2. Minimum radius of curvature for canals in stable soil
without bank protection.

Type of canal and Fall or gradient Minimum radius Degree of curve
width at water surface per cent ft/mile m ft metric English
Small <0.02 <3 90 300 13° 19°
<4.5m (15 ft) 0.02 to 0.04 3to6 120 400 10° 14°
Medium <0.02 <3 150 500 8° 11°
4.5 to 10 m (15 to 35 ft) 0.02 to 0.04 3to6 180 600 70 10%<
Large <0.02 <3 180 600 7° 10%¢
>10 m (35 ft) 0.02 to 0.04 3to6 240 800 59 7°

chord 20 m 100 ft
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Fig. 111B-11. Radius of curvature, degree of curve and top width of canals.

Gates and si phons
In many places it has been proved that channel flushing and, to a certain extent, channel
These measures need certain

drying have a good effect on reduci ng mosquito popul ati ons.
permanent structures for their proper application(see Chapter |V, section 5, streamflushing).

The normal operation of an irrigation systemrequires the installationof gates at
convenient sites to regulate the distribution of water to the various sectors of the system
These gates are usually located at the head of secondary and tertiary canals. If canal flush-
ing and drying are to be restricted to smaller portions of the systemso as to interfere |ess
with operations, the installationof nore gates or the constructionof weirs provided with
sel f-primng siphons are required. |t may not be generally necessary to introduce this
practice into the routine operation of the system but it should be consi dered when and where
an increase in the mosquito popul ation indicates the need for such neasures. There will, of
course, be situations where the intensive use of irrigationwater will make it inpracticable

to interrupt the flowfor the period required for drying nmosquito eggs and | arvae, even within

a small portion of the system
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1. I ntroduction

The crooked nmeandering course of rivers and streans in flood plains results fromslow
but continuous changes produced by silt deposits while under normal flow, and bank erosion
during periods of high flow and occasional flooding. This is a natural phenonenon frequent in
rivers and woul d not be of inportance to nosquito control if it were not for the formation of
backwat er pool s, margi nal pockets and isol ated seepage ponds that are suitable habitats for
nosquito breeding. To prevent nosquito production and consequent di sease transm ssion, the
channel of natural streams needs to be corrected in those sections where these conditions occur
and where the distance to human dwel lings is within the flight range of the [ocal nmosquito
vector (see Annex 1).

2. Rei nf or cemrent of the banks

To elimnate backwat er pools and margi nal pockets, the eroded or fallen streambanks wl|l
have to be rebuilt in alignnent with the unaltered banks. This work may require the construc-
tion of levees whichwill also give flood protection and prevent the formation of swanps by
wat er overflowing to lowlying areas (see Fig. I11G1).

Fig. 111G1. Locations of nmosquito breeding in rivers and other natural streamns.
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Where stones are abundant, the levees can be advantageously replaced with barriers made
of loose rocks, cobbles, etc., encased within wire mesh. These casings, known as gabions,
are made by setting on the site a long and relatively narrow strip of wire-mesh with the edges
upturned to form a long, rectangular basket that is filled with stones. Wire cross-ties keep
the vertical sides in shape and prevent deformation caused by the weight of the stones.
Another strip of wire mesh is tied on the top, when the basket is full, thus completing the
casing.

The galvanized steel wire mesh commonly used for these gabions is 3.2 to 6.3 mmin
diameter with 7.5 to 10 an spacing. The usual shape of the casing is prismatic from 1 to 2 m
wide, 1 to 1.5 m high, and 10 m or more long. The gabions are set in a single or double line
to form the barrier. They are generally laid against the natural banks of the river but they
can also be designed as a gravity structure to stand free in those sections where the banks

are completely destroyed. Fig. IIIC-2 illustrates the use of gabions.
8P T,
P‘ {&r v — ‘f{?;:'! ‘Z:é:)l:}y, -
}‘, e | < I :7‘ 5 ',,’ I‘_ 0y
% f’:,fw«/ — Ry
Compacted 3 A AT
fill '/x A’f/ /{c’ ) i ’Wi?"b.'(/ %

Fig. IlIC-2. Gabions placed to protect a river bank and to replace
a demolished embankment.

The gabion can stand the water force as well as a solid levee. It permits the passage of
water and allows the settling of coarse sediment that fills the spaces between the rocks.
Sediment that passes through a new gabion levee partly settles against the outer face and

gradually builds up a natural fill on that side. The best time for erecting gabions is
immediately after the flood season when the water has gone back to its norma flow. Then
therewill be a long time during which sediment will accumulate as the slower but still
heavily silted water passes through the gabion wall. When the next flooding period occurs,
much of the sediment will be sufficiently consolidated to withstand the action of the peak
flow.

Ore of the major advantages of gabions over solid revetments, levees or retaining walls
is their flexibility. They can adapt better than other types of embankment or dike to subsi-
dence of the ground and resulting distortion without cracking, tumbling or crumbling. The
repair and replacement of gabions can be readily carried out by local labourers.

3. Deepening of a central channel

Where the silt deposit on the stream bed is irregular, mainly as a result of an obstacle
in the course (such as a rock outcrop, gravel and sand bar, or accumulation of debris), the
hydraulic characteristics of the channel can be improved by correcting the gradient.

In meandering courses exposed to heavy torrential flows, it often happens that the
rushing water scours the concave side of a bend and a sand bank is built up on the convex
side. Thus the line of maximum channel depth does not coincide with the centre line, but
moves from one side to the other. This erratic course of the greatest depth line, besides
extending the length of the stream during normal flow, distorts the shape of the cross-section
and reduces the water carrying capacity of the channel. Fig. IIIC-3 illustrates this feature.
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Fig. I11C-3. Distortion of the channel bed of a meandering stream
caused by torrential flows.

The realignment of the maximum depth line and the straightening of the gradient can be
carried out by dredging the bed material using mechanical dredgers, power shovels, dragline
bucket excavators, or hydraulic dredgers of the sand-pump type.

If the dredging of the channel is combined with the strengthening of the banks, whether
by levees or gabions, the dredged material can be disposed of by building up the levees or
piling it against the landside face of the gabions.

In the modification of channel characteristics by regrading or straightening (see section
5 below), there is a need to maintain an energy balance, usually by incorporating control
structures in the form of weirs or drops. Otherwise, scour and deposit of sediment will
reinstate the original conditions, or cause similar effects in adjacent reaches.

Streams with periods of very low flow present conditions similar to those of drainage
ditches as regards mosquito production. Mosquito breeding in stretches of the stream in the
vicinity of human habitations can be reduced or prevented by lining such stretches with
concrete inverts, as described in subchapter 111D, section 6.




Diversion of peak flow through floodways

Developed areas can be protected from flood damage, without modifying the natural river
courses, by providing an additional water course.

At a certain point of the course, preferably before reaching the flood plain, an auxiliary
channel is constructed to serve as a floodway. This channel receives only that part of the
flood water which spills over a lateral weir into the floodway when the water level in the
river is sufficiently high. Water in the auxiliary channel flows directly to a point of the
river downstream of the area to be protected against the flood. The channel should have ample
capacity to carry the maximum flood discharge rate expected.

The risk of mosquito production in the fleodway channel arises during the dry season when
it is out of service but may intercept natural tributary drainage throughout its course. The
total flow of these tributaries may not be enough to flush out small depressions in the
channel. In this situation the lining of the floodway bed with concrete inverts i s indicated.
Fig. Il1IC- 4 shows an example of a floodway channel.

In this example,
both ecology and
development have
been served. Most of
the time, all flow is
through the deeper
but constricted
natural channel, thus
preserving the river
ecology. During
floods, the overflow
passes throughthe
new channel, thereby
avoiding flooding of
adjacent lands
and making them

developable.
TYPICAL PLAN WHO 811067
New Existing
floodway stream o
Original ground . _
Flood stage
Normal flow
SECTIONA — A
Distance Existing
New floodway varies stream
Flood stage
Normal flow
SECTIONB—B
Fig. 11IC-4. Example of a floodway channel to relieve a natural stream

from flood waters.

5. Channel straightening

I f the stream banks are properly aligned and strengthened to form a regular and confined
channel, and if the bed is properly shaped and provision i s made for floodways, then the need
for channel straightening as a measure for mosquito control will seldom arise. 1t may happen
however that channel straightening is the only way to produce the necessary water velocity to
prevent the colonization of the snail hosts of schistosomiasis.

Before such an enterprise, which can be expensive and objectionable from the viewpoint of
ecological balance, is attempted, careful attention should be paid to all the consequences.
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An obvious one i s the problem produced by the cut-off river bends. Rainfall and seepage water
will be trapped in these unused river portions and the mosquito problem will be worse unless
they are filled and graded, which is not a minor task. The engineer should, therefore,
exercise judgement and decide where and when channel straightening is desirable.
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1. Introduction

Drainage i s the remova or elimination of unwanted water on the surface of the ground or
in the upper layers of the soil. It may be unwanted because of harm to plant growth, damage
to structures. or other objects. The accumulation of surplus water that has to be drained
results from a combination of climatic. hydrological. topographical and soil characteristics
as well as from irrigation and other land use practices.

In humid areas, drainage i s mainly required for the removal of excess rainwater that
either saturates the topsoil and collects in flat low-lying areas and land depressions. or
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runs into streams and rivers to overflow and inundate the adjacent lands.

In arid and semi-arid areas, drainage i s mainly required for the removal of the excess
of irrigation water in canals, remaining on the surface of cultivated fields or seeping into
the soil. Underground water (flowing from distant uplands) may rise to the surface and appear
in swamps, marshes, etc. which need drainage. Drainage problems may also be caused by flood-
water. Floods may have serious repercussions in loss of lives and property. Drainage systems
may be destroyed by floods unless provision i s made for the disposal of flood waters. In
areas frequently exposed to flooding, the capacity of the drainage system must be sufficient
to accommodate not only the surplus of irrigation water and the run off produced by normal
rain storms but also the flood waters.

Mosquito production is generally associated with the absence of drainage systems or their
inadequacy to cope with high intensity rainfall or with excess water resulting from over-
irrigation, marsh expansion or inundations.

2. Types of conveyance structures for drainage

2.1 Open ditches

Although the purpose of the drainage ditch is the opposite of that of the irrigation

canal, physically and hydraulically they are similar structures. In general, what has been
said of open canals in subchapter 111B is equally applicable to open drainage ditches. The
main difference lies in the pattern of waterflow. In general, the waterflow in drainage

ditches i s less uniform and constant than in irrigation canals. Their usually neglected
state of maintenance, with choking vegetation and pools of stagnant water, makes the waterflow
even more erratic and more favourable for mosquito breeding. In such circumstances the
problem of silting i s more serious than that of scouring.

2.2 Buried or underground drains

2.2.1 French drains

French drains are trenches half filled with materials, such as rock, rubble, gravel and
coarse sand, that present only minor resistance to water flow. This material is covered with
a cloth fabric or, in its absence, a layer of pam leaves or long grass that prevents the
movement of fine particles of silt and clay from the upper half to the porous section (see
Fig. IIID-1).

Aggregate
Aggregate Mirafi 140

Subsoil

Fig. I1ID-1. (a) A conventional French drain Fig. IIID-1. (b) A French drain using filter
cloth fabric.




2.2.2 Buried 7conduits

Buried conduits are an improvement on French drains. A pipeline with open joints or
perforations is installed close to the bottom of the trench for the collection and conveyance
of subsurface water. The pipeline i s surrounded with coarse sand, gravel and rubble to hold
it in place during construction. To prevent the passage of fine particles into the pipeline
a cloth or leaf cover may also be required. The pipeline i s made of baked clay or concrete
pipes, or of bituminized fibre, metal or plastic tubes. The size ranges from 10 to 30 an.
Machines are available for opening the ground and installing perforated plastic tubing in
lengths up to 150 m in one operation (see subchapter IIIH). Fig. 11ID-2 shows four examples
of buried conduits.

2.2.3 Mole drains

Mole drains are suitable for cohesive soils. They are formed by drawing a bullet-shaped
former through the soil at the required depth. This former is made of steel and is welded to
a sharp-edge vertical blade attached to the tractor that provides the power. As the tractor
moves along, the blade makes a fine cut in the ground and the former creates the drain by
displacing and compacting the soil material. Although the depth of the drain can be adjusted
to correct surface irregularities, this method i s mainly suitable for evenly sloping lands.
Mole drains are not permanent and have to be re-formed periodically. For cohesive soils this
type of drain may prove easy, cheap and effective.

3. Types of drainage

3.1 Surface drainage

3.1.1 General

Surface drainage usually involves the shaping of the land surface, the improvement of
natural watercourses, and the construction of open ditches. 1t is applicable in particular
to flat lands with relatively shallow topsoil over impermeable rock or clay subsoil which
prevents the rapid percolation of rainfall, seepage water or overland flow to a deeper stratun.
Surface drainage eliminates ponding, prevents prolonged saturation, and accelerates flow
towards an outlet without eroding or silting the channel. Drainage ditches, when properly
planned and maintained, should not cause mosquito breeding problems.

For the planning and design of surface drainage systems, the following investigations
are usually required: (a) Topographic surveys; (b) soil surveys and location of critical
erosion areas; (c) determination of existing and potential land uses; (d) precipitation
and runoff investigation; (e) investigation of discharge outfalls, including frequency of
high water levels in tidal marshes and lakes; (f) examination of profiles and cross-sections
of existing streams and ditches; and (g) geological investigations and testing of channel
stability, if required.

3.1.2 Layout for surface drainage

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 most common layouts for drainage systems in flel irrigated land are the comb or grid-
iron and the herringbone patterns of parallel sublaterala and laterals that receive the
drainage water from cultivated fields. Laterals in a row are connected to a collector or
disposal ditch that carries the water out of the irrigated area to an outlet of adequate
capacity. Fig. IlID-3 shows typical patterns of drainage systems.
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Collector ditches should be designed to convey drainage water efficiently and rapidly;
this calls for steep gradients and maximumn water velocities consistent with the erosive
characteristics of the soil. The location of collector ditches is subject to fewer restric-
tions than that of irrigation canals where the maximum commend of land is imperative. As far
as topography allows, ditches can run straight to the outlet, thus reducing length, increasing
the gradient, and permitting smaller channel cross-sections. A small amount of scouring
during the short periods when the ditch works at full capacity is not as objectionable as it
would be in irrigation canals; much of the scour i s compensated by silting when the ditch
works at lower flows. However, in steep ground with unstable soil, collector ditches should
be designed to avoid producing erosive water velocities. Straight channels are possible if,
at convenient intervals, a drop or chute is provided to dissipate the energy of flow without
producing erosion.

The outlet of a collector ditch discharges into a receiving watercourse (stream, river,
etc.) or water body (lake, estuary, etc.). The receiver should be adequate under the most
adverse conditions, when the collector ditch is at full discharge and the flow or water level
in the receiver i s maximum.

Where the receiving watercourse or water body is distant and the land is very flat, it
mey be necessary to resort to pumping to evacuate the drain. |If the subsoil conditions are
favourable, however, vertical drainage mey offer a solution (see section 3.5 below).

3.1.3 Interceptor ditches

Interceptor ditches are needed to protect the land against overland flow produced by

intense rainfall and floods. Interceptors usually run along the contour, with the minimum
practicable gradient, or along the foot of hills where the land slope becomes flatter. They
should be sufficiently deep to intercept seepage water as well. At the time of construction

the excavated material i s often placed on the lower side of the ditch to form a levee that
increases the capacity of the ditch. Like other ditches, interceptors should be inspected
regularly and any vegetation, sediment and other obstructions should be removed, as required.
Levees should be kept in good repair. Water diverted by the interceptors is carried avay by
collector or disposal ditches.

3.2 Subsurface drainage

3.2.1 General

The objective of subsurface drainage i s to lower the water table to a level which favours
crop production, ensures road stability and construction safety, or serves other purposes.
This objective can be accomplished by deep open ditches or by subsurface drans!! In fact
open ditches that collect surface water can also be used for subsurface drainage i f they are
deep enough to lower the water table to the desired level and have sufficient capacity to
serve the dual purpose. As the volume of earthwork is in direct proportion to the square of
the ditch depth, the use of open ditches for subsurface drainage i s usually limited to situa-
tions where the water table does not have to be lowered beyond depths of 1.5 m.

Another consideration, also linked with the depth of open ditches, is that the area
occupied by the ditches is lost to cultivation. The flat side-slopes that are required to
ensure stability in erosive soils increase the loss of useful land.

2 |n this subchapter, the term drain i s applied only to a covered conduit that usually
runs underground; an open conduit i s referred to as a ditch.
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When, for the required lowering of the water table, the bed of the ditch must be at
depths beyond 1.5 to 2.0 m, it may be more practical and economical to use a closed conduit
instead of an open ditch. The closed conduit requires a minimum of excavation for its instal-
lation. Unless the soil is very unstable, trenches can be dug with vertical sides; they
remain open only for the time needed to lay the conduit, which can be kept to a minimum.
Trenching machines (as described in subchapter I11H) can open the ground and lay the pipe as
the machine moves along.

The widest application of subsurface drainage-isin irrigated land. Besides preventing
waterlogging, it allows aeration and the leaching of salts in the plant root zone. The amount
of water to be removed depends on the irrigation method applied, the quantity and quality of
irrigation water, and the nature of the topsoil.

Data on soil permeability, plant consumptive use of water, water table levels, salinity
and surface topography are as necessary for the design of drains as for that of irrigation
canals. In fact, information on soil permeability and groundwater conditions i s more important

for drainage purposes.

3.2.2 Layout for subsurface drainage

The patterns of laterals and collector ditches described for surface drainage are also
appropriate for subsurface drainage, whether this is performed by ditches or drains. The
layout of buried drains is less restricted by topographic gradients and irregularities than
is that of open ditches. Drains do not take away any area from cultivation and allow free
movement over the land. These advantages may be decisive in the selection of a system of
buried drains, even when open ditches could serve the same purpose.

3.2.3 Interceptor and relief drains

Interceptor drains or ditches are aligned perpendicularly to the flow of groundwater,
regardless of minor topographic irregularities, and have a very slight slope. Relief drains
or ditches run approximately parallel to the flow of groundwater and are laid with a slope
more or less parallel with the hydraulic gradient of the water table.

Relief drains or ditches produce a more uniform lowering of the water table on both sides
of the conduit. Interceptor drains or ditches lower the water table more effectively on the
lower or downslope side of the conduit. For this reason, interceptor drains or ditches are
usually located near the upper edge of the wet area to be protected. This is illustrated in
the four sketches (Fig. I1ID-4, (a)-(d)), which show the before-and-after water-table levels
for the ditches and drains of the two types, relief and interceptor. Fig. IIID-5is an iso-
metric sketch showing both relief and interceptor drains in place; it illustrates the
alteration of the original water table produced by drainage. It may be noted that the origi-
nal hydraulic gradient slopes in the same direction as the relief drains but is flat in the
direction of the interceptor drains. This shows that the slope of the original water table
influences the functioning of interceptor drains but not the functioning of relief drains.

The choice between interceptor and relief drains largely depends on the depth of the
soil above the impervious layer or barrier (barrier depth), and on the hydraulic gradient of
the water table at the site. Preference should be given to interceptor drains where, other
factors being suitable, the barrier depth is not more than twice the drain depth, since a
shallow barrier depth reduces the effect of relief drains. Preference should be given to
relief drains where, other factors being suitable, the hydraulic gradient of the water is
very slight, as this reduces the effect of interceptor drains.




77 -

‘uieap F@I19Y (P) “H-AIII "814

‘Yyd3Ip IOTT9Y (°) “#-aIIl °314

TNIHT ST TTTEL m@»\%xw

TN/ T FHTE T 7L 7L

suteap xo3ldsoxsqur (q) “H-QIII ‘814

TONIHT HTLSY TTTE! ,\ku\w\w

FOLNIEST FHOS TG ‘7750 S7LEM

*yo31p 1o0zdsoasiul (B) *4-qIII °S1d

——
——
—

III
—
—
—
S avme

——
—
—
—
—
——
—

= —
——
T —
—

" —
- —
—

TN/ T 750475 T7864L 7L

T ——
e ———

N —
= ——
~—

PO O THOATST T S TLM




WATER
TABLE
BEFORE

WATER DRAINAGE

TABLE
BEFORE
DRAINAGE

Ao N, )

\J \‘.-\6\'(‘ [
.’l VAR \\0'9 g
Wy \'~\ i//l/ (17 ~
\ \‘V/\\,\

, Yy : 4"

WATER
TABLE
AFTER
DRAINAGE

WATER
TABLE

AFTER
DRAINAGE

Fig. 1lID-5. Isometric profiles of relief and interceptor drains.

3.3 Combined surface and subsurface drainage

It is a common practice to install a single system to dispose of both surface and sub-
surface waters. In a system of open ditches, those which are to collect subsurface water
are dug to the required depth, and those which receive the surface runoff only are shallow.
The. deep subsurface ditches act also as collector or disposal ditches; they receive the
surface water from the shallow ditches through drop structures of various types which prevent

scouring.

In a system of buried or underground drains for subsurface drainage and open ditches for
surface drainage, each sector works more or less independently. It is at the collector ditch
that the surface and subsurface sectors meet, through appropriate drop structures and protec-
ted outlets, for the disposal of all the water from the drained land (see Fig. 111D-6).
Surface water should not be admitted into underground drains because the debris and sediment

it carries can plug the drain.

The required capacity of the dual-purpose collector ditch is the sum of the individual
design discharges of the surface ditches and the subsurface drains. Surface water includes
irrigation water at the tail of canals, runoff from rainfall, and occasional flooding. Sub-
surface water includes lateral seepage, capillary water and some vertical percolation. Under
normal conditions, the capacity of the open collector ditch is more than adequate to receive
both. However, the capacity of collectors should always be checked.
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for a buried drain.

3.4 Drainage by pumping

There are two different situations where the pumping of surplus water may be required.

(a) When the land slope and hydraulic gradient of the water table make it possible to
operate a conventional system for the drainage by gravity of surface and subsurface waters,
but at the lower end of the drained area there is insufficient head to ensure discharge. In
such a situation the practical solution is to pump the drainage water either into a collector
ditch on a higher elevation if the topography is suitable, or else through a pipeline conveying
the water under pressure to the point of disposal.

(b) When the hydraulic conductivity of the soil is high, it may be possible to replace
the network of subsurface drains with a system of wells from which the water i s pumped to
collector ditches. A series of well points, driven to the required depth and connected to a
common pump, may prove to be a practical way of lowering the water table. However, before
attempting drainage by pumping, which involves high initial and operational costs, it is
necessary to investigate subsoil characteristics and to carry out tests to determine the effect
of pumping and its area of influence on the water table. Such information is essential before
deciding on well depths and spacing.

3.5 Vertical drainage

Where the land is so flat that there is practically no slope to allow surplus water to
flow, as happens i n swamps, bogs or marshes, vertical drainage may offer a solution. In cases
where the topsoil i s waterlogged because percolation i s prevented by an impervious layer,
while at lower depths the subsoil material is porous and capable of storing water, it is
possible to discharge the surface and subsurface water into the pervious deeper strata by
breaking through the barrier of impervious material. This can be achieved by vertical shafts
driven or drilled through the soil and protected against caving either by a casing (similar to

that used in wells) or by filling the shafts with stones, gravel and coarse sand (see sub-
chapter II11E, Fig. ITIE-2).
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Wherever perched water i s a problem, the possibility of vertical drainage should be
explored. However, in view of the risk of polluting the groundwater in the lower strata,
vertical drainage should be used with extreme caution.

4. Mosquito problems in drainage systems

As the purpose of drainage i s to remove unwanted water from land surfaces, thus elimina-
ting mosquito breeding sites, it isin principle compatible with mosquito control. However,
mosquito problems do exist in drainage systems and are usually due to inadequate maintenance.

Some irrigation schemes do not have a drainage component, and experience has shown that
the stagnation of excess irrigation water creates serious mosquito problems with consequent
rises in malaria transmission, in addition to agricultural problems such as waterlogging and
an increase in soil salinity. In schemes that have a drainage component, the funds available
for maintenance are usually insufficient and are mostly spent on irrigation canals. This is
because irrigation canals must be kept in good repair, otherwise the delivery of water to the
cultivated fields will be impaired and crop production will suffer. The condition of the
drainage system has no such perceptible effect on crop yields. It is therefore no surprise
to see so many drainage ditches in a most deplorable state of repair with eroded banks and
beds, deteriorated alignments and slopes, and abundant vegetation growth. Sometimes even
garbage becomes piled up in drainage ditches. Under such conditions, the flow in the ditches
i s sluggish when the rain comes and isolated pockets remain afterwards. Both situations are
favourable for mosquito production. The various auxiliary structures in a drainage system,
such as junction boxes, sand traps or grit chambers, may also become important mosquito
sources unless they are properly cared for.

5. Design of drainage systems

5.1 General remarks on design

The design of drainage systems may involve more elaborate techniques than the design of
irrigation systems, because the problem i s more complex.

First, the quantity of water to be conveyed for irrigation can be determined with
sufficient accuracy from the consumptive use of plants to be cultivated and from the
permeability and other characteristics of the topsoil. The amount of water to be drained
depends on factors which are not so easily estimated. Regarding water sources, for instance,
precipitation, surface runoff, flooding, inflow from uplands, localized seepage, and the
drainage quantities for leaching must all be taken into account.

Secondly, the hydrology of the subsoil plays a minor part in the design of irrigation
canals; the presence of a high water table is important only if it allows the amount of water
supplied to be reduced. In the design of drainage ditches, it is essential to have detailed
information on the water table, periodic variation in levels and hydraulic gradients, its
effect on plant growth, salinity, etc.

Thirdly, the investigation of soil characteristics must be carried out to lower depths,
usually 2 to 3 times as deep as the proposed ditch or drain, and be more comprehensive. The
general composition and permeability, granulometry, void or pore space, organic matter content,
etc. for each layer of different material will have to be determined. The detailed discussion
of this subject i s beyond the scope of this manual. For further information, the reader is
referred to technical publications such as that prepared jointly by FAO-UNESCO.2

2 Food and Agriculture Organization & United Nations Educational, Scientific and Cultural
Organization. |lrrigation, drainage and salinity: An international source book. London,
Hutchinson, 1973.
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The engineer will first decide the type of drainage that i s most suited to the given
situation, the type of conveyance structure to be used, the location of the outfall, and the
general pattern of the scheme. He will then proceed with the detailed design of the ditches,
conduits, pumping stations if required, and other necessary ancillary structures. The overall
economy is as important in drainage as in irrigation, and the engineer should carefully
consider the various technical alternative plans and their cost comparison before a definitive
plan i s recommended.

5.2 Special considerations for mosquito control

As can be seen from section 4 above, mosquito breeding occurs in drainage systems
primarily because of poor maintenance of open ditches and ancillary structures. Therefore,
in principle, the radical solution to the problem i s to avoid the use of open ditches and, if
this is not possible, to maintain the ditches in good condition. Specifically, the following
environmental management measures should be given due consideration for incorporation in the
design and operation of any drainage system: (a) use of buried drains instead of open
ditches as far as possible; (b) lining of the ditches or lining of the invert, if open
ditches have to be used; (c¢) good alignment of ditches and avoidance of sharp curves;

(d) ditch flushing; and (e) effective maintenance of the scheme.

The discussions in subchapter I11B on curves in canals, gates and siphons, and effective
canal maintenance in irrigation schemes are also applicable to drainage systems, and it is
suggested that the reader should refer back to that subchapter for details. Some additional
remarks on the lining of ditches are given in section 6 below.

6. Lining of ditches

Although the lining of ditches is even less generally practised than the lining of
irrigation canals, the advantages derived from lining are as great for ditches as for canals.

In fact, lining as a means for preventing weed growth i s more necessary when the flow is slow,
intermittent and erratic, as it is in ditches, than when it is rapid, constant and uniform, as
it isin irrigation canals (see subchapter IIIB, section 6).

To prevent obstructing the seepage into subsurface drainage ditches, porous linings can
be produced using a dry or non-mortared revetment of brick, stone, concrete or stone blocks,
or a continuous concrete lining provided with weep holes.

A common practice for ditch lining is to use precast sections of Portland cement concrete,
shaped and assembled to form a narrow invert along the centre line of the ditch, which permits
free flow at low water levels. The bed is filled and graded to lead the water flow towards
the centre (see Fig. |IID-7). The main advantages of this lining are that it does not inter-
fere with lateral seepage at all and i s much cheaper than the full-perimeter type of lining.
This invert lining can be combined with grass-covered sides that stabilize the banks and make
steeper side slopes possible. Such "vegetated" waterways are produced by seeding the channel
with grass of the short-leaf and matted-root type. The grass cover should be kept short and
dense by regular cutting. Resistance to erosion is such that the channels can withstand water
velocities of 1.25 to 2.00 m/s. In the design of vegetated waterways, the roughness
coefficient in Manning's formula? is taken as n = 0.04, which corresponds to freshly cut
grass. The cross-section of the waterway can be parabolic, triangular or trapezoidal. W
the crossing by farm machinery i s foreseen, the side slopes should not be steeper than 1:4.

2 The use of Manning's formula i s explained in Chapter VII, section 4.2.
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Fig. II1D-7. Precast concrete invert sections.
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In principle. drainage techniques for mosquito control do not differ from those for any
other purpose. As has been stressed in subchapter IIID, proper drainage (regardless of its
objective) helps reduce mosquito populations by eliminating or reducing habitats suitable for
the development of mosquito larvae.

It is. however.

convenient to treat the subject separately because the criteria differ
with the objective. and because there are specific situations where either small or large

drainage operations that are needed for mosquito control purposes alone are generally neglec-
ted owing to lack of interest or economic incentive.
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2. Criteria applied to drainage for mosquito control

(a) Distance. The drainage of mosquito habitats can be limited to well-defined and
relatively small shallow areas surrounding villages, towns and other human settlements.
Mosquitos have a range of flight, the maximum figures of which have been determined for
different species through entomological studies (see Annex 1). For practical purposes, how-
ever, anopheline mosquito control operations within a radius of 1.5-2 km from human habitation
provide reasonable protection. It is usually not necessary to extend drainage works further
afield if, within this radius, the elimination of mosquito habitats i s thoroughly pursued.

(b) Timing. Except for the tropics where the climate i s warm and humid all the year
round and malaria transmission is usually perennial, the need for drainage of mosquito habitats
is limited to well-defined periods of the year. In most malarious regions in the temperate

zone, there are seasons of intensive mosquito production and increased disease transmission.
It is during these periods that drainage i s particularly important.

(c) Depth. The drainage of mosquito habitats can be limited to the removal of surface
water without the need to lower the water table more than a few centimetres below the low
points of the ground surface. In contrast, the water table needs to be lowered to below the
plant root zone for agricultural drainage.

(d) Duration. The drainage of mosquito habitats may take as long as the time required
by the mosquito to develop from the egg to the adult (4 days to 3 weeks, according to the
species and local climate). Therefore, drainage for mosquito control can take longer and a
smaller ditch section can be used than i s the case of drainage for crop cultivation. Young
plants can seldom withstand submergence for more than two or three days, while for mosquito
control water may remain longer on the surface provided that one or two days of total dryness
follow.

(e) Mosquito species. The drainage of mosquito habitats should be limited to the
existing and potential breeding places of the vector concerned. The concept of "species sani-
tation" requires drainage to be directed against the particular mosquito species that is a
confirmed vector of disease. In the absence of disease vectors, drainage will not be a public
health measure but may be needed for agricultural, pest mosquito control or other purposes.

From these remarks it may be inferred that drainage for mosquito control has less
stringent requirements than agricultural drainage. However, it should be noted that complete
drainage of low-lying areas may be required for effective mosquito control even though it may
not be necessary for agricultural purposes.

3. Small drainage works

There are many instances in and around human settlements where small water collections
which will not seep away or evaporate in a few days are completely disregarded. It is the
responsibility of the health administration to call the attention of local authorities and
the public in general to the health risk represented by these small but significant mosquito
habitats. |In addition to advising and persuading others to carry out the needed tasks, the
health administration should be capable of taking positive action to correct the situation.

3.1 Small water pools, holes, etc.

One of the more common and simple source reduction ditching operations i s the drainage of
temporary rain or runoff pools which develop in depressions on sloping ground or which occur
below seepages or springs in the vicinity of human habitation. Frequently these small pools
are drained by short ditches that carry the water downgrade to where it can spread out over a
gently sloped area of pervious soil so that the water disappears underground. Alternatively
the ditch may lead to a stream or other outfall which carries the water away. |f only a short
ditch i s needed, its size, location and shape may be dictated more by convenience of construc-
tion than by rigid engineering design. The input of labour i s minimal and if the ditch should
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fail because of inadequate design, it can be improved at little cost when the time for
maintenance comes round. Furthermore, if the capacity of the ditch is temporarily exceeded
while runoff is at a maximum, no great damage i s done.

Water pools are also found in open spaces, streets, yards and other places inside
villages, towns and cities, because of lack or inadequacy of sewerage, both for storm and
waste waters. These pools may be drained if they are located on sloping ground or if a suit-

able drainage ditch is available nearby to carry away the water. In most instances, however,
this i s not possible and consideration should be given to other methods of control such as
filling and grading (see subchapter IIIF) or larviciding. The permanent solution to the

problem of water accumulation in urban areas is the construction of sewerage.

3.2 Water collections at waterpoints

Ore problem frequent in developing countries i s the lack or inadequacy of drainage of the
surplus water from public fountains, taps, handpumps, etc., as well as water from pipe leaks,
seepage to the ground surface, and various misuses of community water supplies. It is possible
that this problem will increase significantly with the expansion of such supplies during the
present International Drinking Water Supply and Sanitation Decade (1981-1990), promoted by the
United Nations system. There i s no doubt that many water supplies will be provided, but how
much attention will be given to the drainage of waste water resulting from the increased use
of water i s not clearly specified.

The typical pool and muddy areas around water supply points, cattle watering troughs,
public laundries, etc. should be eliminated. Concrete aprons round the service point will
prevent ground puddling and a drain pipe should remove the waste water effectively (see
Fig. IITE-1). Where a drain or a drainage ditch is not available to receive and carry away
the waste water, a suitable soakage arrangement such as a seepage pit, a drainfield or an
evapotranspiration bed may be used. In the use of evapotranspiration beds, proper maintenance
is needed to avoid accumulation of seepage water at the toe where a mosquito breeding site may
develop. Details of these methods are given in section 3.3 below. Where the geological forma
tion is suitable, i.e., where a pervious layer exists underneath the top impervious layer, it
mey be possible to use a vertical drain to get rid of the waste water (see Fig. IIIE-2).
However, this method may result in pollution of ground water. Vertical drainage i s discussed
in subchapter IIID, section 3.5. Whe the service point is supplied by a shallow well, the
soakaway pit or the drainfield should be located at a safe distance to prevent contamination
of the source. This distance depends on the soil characteristics, but it should be 30 m or
more. A

| . 71| 250 cm |

To a drain ditch

300 cm minimum

Fig. IIIE-1. Tube well and hand purp with concrete apron and drain.




Impervious

clay

Pervi .

gt . g

.Ii': L :.-_..:-:.‘\.-. . _-.'..:: N :- D
2 Pi
// e, Cover drl:?i‘:\
TS v—""‘J
Fig. IllE2. An exanple of vertical drainage.

The waste water froma water tap is renoved by a vertical drain.

(Adapted from Kolta, S Environmental nmanagenent as a nalaria
control nmethod. Manila, WHO Regional Cffice for the Wstern Pacific,
1979 (Docunent prepared for the Regional Wrkshop for Directors of the
Antimal ari a Programme, Kual a Lunpur, Septenber 197).




- 87 -

The WHO Expert Committee on National Environmental Health Programmes: Their Planning,
Organization and Administration? recognized the fact that the improvement of water supplies
creates a need for proper disposal of used and waste water. Mosquito breeding is a direct
consequence of disregarding this fact.

3.3 Soakawaysh

A soakaway is a hole or a set of trenches in the ground filled with stones through which
waste water can seep away into the surrounding soil.

Soakaways are usually used for the disposal of waste water from septic tanks, aqua
privies and other similar small sanitation installations. They can also be used as a method
for ultimate removal of the drainage water from waterpoints.

3.3.1 Seepage pits

One form of socakaway is a seepage pit which is dug into porous material in places where
the water table i s not high. It is commonly 2-5 m deep and 1-2.5 m in diameter. It is lined
or filled with stones at least 50 mm in size, as shown in Fig. IIIE-3. Seepage pits are not
appropriate where the soil is too fine for water to seep into it.
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Fig. IIIE-3. Two kinds of seepage pit. (Adapted from: Ross Bulletin No. 8, p.40)

3.3.2 Soakage trenches or drainfields

Soakage trenches are filled-in ditches containing open-jointed pipes, usually of 100 mm
diameter, laid on gravel or broken stone. They allow the waste water to be widely distribu-
ted through a large area of soil. Normally several trenches are dug, each 15-30 m long, and
connected together to make a drainfield.

éWHO Technical Report Series, No. 439, 1970.

E This section is based on: Feachem, R. & Cairncross, S. Small excreta disposal
systems. London, the Ross Institute of Tropical Hygiene, 1978 (Ross Bulletin No. 8).




A typical arrangement i s shown in Fig. IIIE-4. The trench width usually ranges from
0.3 to 0.5 m and the gravel depth below the pipe from 0.6 to 1 m. The recommended minimum
trench spacing i s 2 m or twice the trench depth, whichever is greater.
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Fig. IlIE-4. A typical drainfield arrangement.

(Adapted from: Ross Bulletin No. 8, p.41)

The limiting factor in design is the rate at which water can seep into the soil (the
“infiltration rate™). For disposal of sewage, it has been found that this rate, after the
soil has become partially clogged with sewage, is roughly the same for most types of soil and
ranges between 10-30 I/m2 per day.2 For the disposal of spilt water, soil clogging will not
be as serious as sewage; a figure of 20 [/m2 per day would seem to be a reasonable assumption
in calculating the length of trench required, using the following formula:

_ Waste water to be drained per day (litres/day)
Effective trench depth (m) x 20 x 2

Length of trench (m)

a Laak, R. et al. Rational basis for septic tank system design. Ground water, 12 (1974}




The factor 2 on the bottom line allows for the use of both sides of the trench. The effective
trench depth is the depth from the water level to the bottom of the trench. The bottom area
of the trench is ignored in the calculation, because the important seepage is through the
sides of the trench.

Although this formula can be applied to most kinds of soil, there are some soils into
which water will soak only very slowly, so that soakage trenches cannot work. It is therefore
useful to make infiltration tests of the soils in the area. A satisfactory test procedure is
to drill at least three 150 mm diameter test holes, 0.5 m deep, across the proposed drainfield.
These are filled with water and | eft overnight so that the soil becomes saturated. On the
following day, they are filled to a depth of 0.3 m. After 30 and 90 minutes, the water levels
are measured. The soil is considered to have a sufficient infiltration rate if the difference
in the measured levels over the 60-minute period is at least 15 mm.

Plain-ended tile pipes or bell-and-spigot sewer pipes may be used. Pipe lengths are
generally 300-600 mm. Both types of pipe are laid so as to leave gaps of 1-12 mm between the
pipe lengths to allow the waste water to leak out. The trench bottom and the pipes in each
trench should be laid level. W plain-ended pipes are used, the upper half of the joint
must be covered with a strip of roofing felt or tarred paper, or a piece of broken pipe to
prevent the entry of fine soils. The stones in the trench should be 20-50 mm size and should
be covered by 300-500 mm of soil from the trench, over a protective layer of straw or
untreated building paper.

The flow of waste water should not be split up by distribution boxes. The trenches
should be connected end-to-end so that, as each trench fills, the effluent overflows to the
next one. Each trench should be level with, or below, the preceding ones. The soil cover in
the area should have a minimum thickness of 1.5 m and the level of the seasonal high ground-
water table should be not less than 0.6 m below the trench bottom.

3.3.3 Evapotranspiration bed or soakaway mound

Another version of the drainage field is the evapotranspiration bed (see Fig. IIIE-5).
The waste water is distributed through open-joint pipes in the evapotranspiration bed which
comprises a 200-500 mm depth of coarse sand and gravel underlying a 100 mm depth of topsoil
planted with a fast-growing local grass. Grasses have high transpiration rates and the waste
water is lost to the atmosphere by transpiration.

The size of evapotranspiration beds is calculated on the basis of the transpiration rate
which i s about 80%of the rate of evaporation from an exposed water surface, or on the basis
of providing about 15 days' storage (during the rainy season) of the effluent in the sand
layer, whichever gives the larger area. Evapotranspiration beds need very conscientious
management if they are to work well. It is usually preferable to combine them with soakage
trenches as shown in Fig. IIIE-6.
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4, Large-scale drainage works

Low-lying flat lands with insufficient permeability and inadequate natural drainage
tend to retain water indefinitely and form marshes and swamps which are suitable habitats for
many mosquito species. Land development agencies and enterprises will reclaim these lands
when it is economically profitable to do so. |In developing countries, where in general land
i s abundant and land reclamation involves large investments, swamps and marshes are usually
left untouched. 1t is the responsibility of the health authority to stress the health risk
presented by these situations and to exert its influence to induce the appropriate govern-
mental departments to carry out the required works for eliminating or reducing the extent of
these dangerous areas. Marshes and other large bodies of stagnant water may often be sources
of fish, or of plant materials that can be used for house construction in rural areas. Before
any drainage work for mosquito control is carried out, it is of primary importance that the
use made of the water should be thoroughly investigated and that the proposed drainage should
be acceptable to the population.

4.1 Coastal situations

Water that flows seawards usually loses its energy and velocity as it reaches the
flatter slopes in the vicinity of the coast. River mouths are exposed to the inflow of sea-
water provoked by tidal variations in level, and the direction of the river flow i s regularly
reversed for a variable distance upstream. The silt and debris carried by the river water
tend to settle and form deltas, with intricate channels and lagoons which in time may turn
into swamps and marshes. River silt and debris combine with beach and dune sands that have
been displaced by sea waves to form bars at the mouth of streams and to block off extensive
areas of lowlands, from which water can escape only by slow percolation across the beach
barrier. Thus, along the shoreline, mosquito breeding may occur in the retained water of
varying degrees of salinity, fed by rainwater, sewage, seepage and seawater.

May of these situations can be made unfavourable for Anopheles mosquito breeding by
varying the salinity of these brackish waters. This subject i s dealt with in detail in
Chapter IV. Environmental modification measures for mosquito control in coastal swamps are
discussed below.

4.1.1 Diking and dewatering of coastal swamps

The treatment of coastal marshes and tide lands requires careful study. Some have firm
bottoms of coral reef or clay, and in others the bottoms are composed of soft unconsolidated

materials to a considerable depth. In the former case, satisfactory results may be expected
from the exclusion of tide waters by diking or embankments. If tide gates are installed at
the drain outlets, local runoff may be periodically removed by gravity or pumping. In the
latter case, however, the unconsolidated material will shrink when drained and will |ie below

the water table, creating depressions that are more difficult to treat. Therefore, the dry-
ing of such grounds by diking and dewatering should neither be expected nor undertaken.

Fig. IIIE-7 shows an arrangement for diking and dewatering by gravity. It will be noted
that the lagoon i s isolated from the sea by strengthening and raising the natural sand
barrier to a height that will prevent the overflow of sea water into the lagoon at high tides.
Across the levee, suitably spaced pipe drains of appropriate size are laid with an even and
adequate gradient to drain the lagoon water into the sea at low tides. The upper end of each
drain is at a level near the bed of the lagoon and fitted with a suitably designed intake
structure. The lower end of the drain is located slightly above the mean sea level and is
equipped with a self-closing gate to prevent the entrance of sea water at high tides.

In general, the pipe drains of such arrangements should be extended to some distance int
the sea and their outlets should be sufficiently above the sea bed to prevent the sand from
clogging the flow. They should be properly anchored to protect them from wave action.
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Fig. IIIE-7. Levee and disposal drain for gravity drainage of a lagoon

into the sea.

Note the intake structure with concrete walls on three sides
and the fourth side facing the lagoon left open. Grooves are
provided on the edges of the fourth side of the intake so that
wooden boards of 15-20 an width can be slid in as required to
adjust the sill height of the opening as the lagoon becomes
naturally filled with silt. When the sediment reaches the top
of the first board, a second one will be added, and so on. Thus
the bed of the lagoon can be gradually raised without interfering
with the drainage operation and without any silting of the drain.

If the lagoon bed is so low that dewatering by gravity will not produce satisfactory
drainage, it will be necessary to use pumping. Subchapter II1A, section 4.4, provides some
additional information on diking and dewatering.

4.1.2 Open marsh ditching

For swamps with soft bottoms of unconsolidated materials, the object should be to permit
free circulation of high tides on to the low areas and the drainage of water off the surface
at low tides. The system of ditches installed should therefore reach all low points to
prevent the retention of either rainwater or tide water. By providing efficient connexion
with the sea in this way, the svamp water will be of a high salinity which i s unfavourable for
the breeding of most species of anopheline mosquitos. For the control of brackish water
breeders, the system would have to depend largely upon predation by naturally occurring or
introduced organisms or larvivorous fish. Therefore, the approach may not be suitable for
areas where the major local vector is a brackish water breeder, since biological control by

predation might not provide the desired degree of control.

One way of operating the ditch system is to connect low places or holes to each other and
to a natural outlet; another is to install a parallel system with holes connected to the
nearest ditch (see Fig. IIIE-8). Where convenient, soil from the ditches should be used to

eliminate nearby holes by filling.

4.1.3 Clearing and maintaining open stream outlets

Small stream outlets can be cleared manually using hand tools. For clearing larger out-
lets, the use of equipment may prove to be more efficient and economical. Where the beaches
and bars are composed mostly of shingle, an outlet depth of about 0.5 m below low water level

would be adequate, and a bulldozer would be a suitable type of equipment for clearing the
mouth and spreading away the excavated material. Where beaches and bars are largely composed

of sandy materials, a greater outlet depth, say about 2 m below low water level, will be
required to compensate for the more rapid silting of the channel. The clearing can be

performed efficiently by dragline equipment or by floating dredges.

T ——————




Fig. IIIE-8. Patterns of salt marsh ditching.

Parallel system, hole connecting system and combined system.
Also illustrating intercepting band ditch at junction of marsh
and upland.

It must be expected that the cleared outlets will sooner or later be reclosed through
the same natural process that created the original blockage. The reclosing may be slowed
down either by the construction of shore-perpendicular jetties at the flanks of the outlets
in order to check along-shore sediment movements, or by the installation of jet or ejector
pumps within the stream mouths which would automatically dredge out the accumulation of
littoral materials. An alternative to stream mouth clearing i s to connect the stream to the
sea by inverted siphons that would exchange inland and ocean waters as a result of tidal
action. However, all these methods are expensive and should not be applied unless they are
economically justified and their effectiveness has been proved by pilot studies. Occasional
dredging, whenever necessary, is still the usual method for maintaining stream outlets across
sand bars. The mouth of a small stream may be reopened by flushing if water is available in
adequate quantity for this purpose and if storage facilities can be constructed at a site of
suitable elevation.

4.2 Inland situations

4.2.1 Swamps located in the vicinity of water bodies

Swvamps on the flat edges of, or in areas adjacent to, lakes and ponds are due to over-
saturation of the soil and insufficient slope for natural drainage. Suitable marginal
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drainage connecting the svamp to the main body of water, if the topography permits, would

provide a solution to such situations. In circumstances where marginal drainage alone is
inefficient and uneconomical, recourse should be had to the measures described i n subchapter
II1A, sections 4.3 and 4.4; or else to those described in subchapter Il1lF, sections 6 and 7.

4.2.2 River swamps

Meandering rivers in flat valleys with a normal slow flow and much silting, but exposed
to periodic torrential flows which break through the banks and flood the low-lying areas along
the course, may form extensive river swamps which are difficult to drain. The problem of such
river swamps can be solved or greatly alleviated by river channel improvement through methods
described in subchapters|||C and IIIF.

4.2.3 Swamps resulting from seepage or springs

Swvamps can be formed by the seepage of subsurface water and the discharge of springs.
This type of swamp is usually found at the foot of rising ground where relief and geological
conditions favour the flow to the surface of perched or confined water. Fig. IIIE-9 illus-
trates the conditions that produce such swamps.

(Adapted from: Home H.
Spring The engineer and the
prevention of malaria.
London, Chapman & Hall,
1926, p.66)

// .
‘ mmpervious &;& falt
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Fig. IIIE-9. Conditions that produce a svamp fed by general seepage
and spring discharge.

Fig. IIIE-10 shows a typical case of the formation of a narrow svamp at the bottom of a
ravine by seepage from the hillsides. Suitably designed interceptor drains running parallel
with the contour at the foothill will collect the seepage water, discharge it into the stream
below the seepage area, and allow the swvamp to dry up.

(Adapted from: Home, H.
The engineer and the
prevention of malaria.
London, Chapman & Hall,
1926, p.66)

WHO 811076

Fig. IlIE-10. A narrow swvamp in a ravine due to seepage.
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If the svamp is due to springs within its area, the springs have to be found and drained

away from the swamp by appropriate means (see Fig. IIIE-11).
'E
£ : —:__ = (Adapteql from: Home H.
S ‘ e — The engineer and the
E—f—;_s"pﬁﬁg'_" T prevention of malaria.
% London, Chapman & Hall,
"E—‘:T‘_;—_—_{::__T“‘:- 2 T 1926, p.67)
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Fig. IlIE-11. A swamp due to springs within its area.

Drainage outfall into a stream should enter the stream laterally with the current so that
"shortest

it can withstand floods and maintain stability. It should be borne in mind that the
ditch™ may be the worst located outfall as far as maintenance and stability are concerned.
Fig. IlIE-12 shows the proper location (as well as the undesirable location) of the outfall

into the stream, and the side slope protection at the junction point.

Woven Willow Sapling Mats Held on
Side Slows with Forked Stakes

Undesirable
Location of Outfall

|

Proper Location
of Outfall

Place Spoil on

C”EI(
S Downstream Side

Fig. IIIE-12. Drainage outfall in flood plain creeks.

(Adapted from: Malaria control on impounded waters.
Public Health Service, Tennessee Valley Authority, 1947, p.137).

Washington, DC, United States
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4.3 Investigations and studies required for drainage works

The drainage of swamps is an effective measure of mosquito control and i s of special
interest in malarious regions. Two main principles govern the reclamation of swamp areas:
the interruption of the supply of water that feeds the swamp; and the provision or improve-
ment of the outlet carrying the svanp water away from the flooded area. No work should be
started, however, before defining the problem and selecting the best solution. The required
preliminary engineering investigations and studies include:

(a) The topographic survey of the flooded area and surrounding land needed for preparing
a general map which should show contour lines at 0.5 m elevation intervals, below and above
the water level. These data are essential to determine the volume of swamp water, the surface
area covered by the swamp at various elevations, the depth of the lowest point to be dewatered,
the location of a suitable outlet, the route of the ditches, and the earthwork involved.

(b) The investigation of the water source that supplies the swamp in order to determine
whether it is surface water (rainfall and general runoff from neighbouring hills, well-defined
streams, etc.) or subsurface water (seepage or springs), and to analyse the effect of the
probable maximum and minimum flow on downstream water users as well as on downstream vector
production.

(c) The investigation of the subsoil and, in particular, its permeability so as to deter
mine the possibility of vertical drainage.

(d) The study of distances from population habitation, and work and recreation areas.
This information i s required in assessing the desirability of installing pipe or other closed
conduits, or ditch liners, in the vicinity of human activities.

(e) The investigation of ways of dealing with the spoil. On some large projects, the
spoil can be used advantageously either to fill the lowest points of the area to be drained,
thereby lessening the required depth of the outlet channel, or to fill small locations which

might otherwise require supplementary drains.

(f) The study of the environmental implications and the acceptability to the population
of draining the swamp.

The topographic mgp will indicate whether an old channel exists on the bed of the swamp
and will enable its course to be traced. The mgp may also suggest the existence of an old
natural outlet that has been obstructed or is of insufficient capacity and depth. These
findings should be confirmed by a more detailed survey along the presumed course and outlet
site.

Based on the investigation of the water source, measures to intercept the waterflow into
the swamp may be planned and designed. Such measures may include relocating or diverting
streams so that they discharge out of the area, digging ditches and building levees along the
foot of hills or at the periphery of the swvamp to deflect surface and subsurface water, or
tapping springs. Methods for the clearing and improvement of an existing outlet or the
provision of new outlets are also worked out. Sometimes a number of alternatives are formula-
ted so that the most economical in terms of execution and effectiveness may be selected.

The prevention of water entering the swvamp and the release of water from it will
gradually lower the water level. As the water recedes and the bed i s exposed, seepage water
is channelled towards the outlet. Once the swvamp problem is under control, it may be possible

to consider other reclamation measures such as natural land-fill if a supply of heavily silted
water i s available and can be readily diverted to the swanp area (see subchapter Il1F,
section 5).

In situations where the svamp is formed on the lowest point of a closed valley, the
gradient will be insufficient for the free discharge of swamp water through an outlet. An
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exploration of the subsoil may indicate the feasibility of vertical drainage. Failing this,
the possibility may be considered of drainage by pumping through a high-level outlet (if
available) or a tunnelled outlet. In this way, the wet area can sometimes be reduced to a few
deep trenches where mosquito production can be controlled by the use of biological agents or
chemicals.

5. Methods for ditch excavation

Once the alignment and gradient of the ditch are established, a profile of the ground
surface along the centre line is drawn to determine ditch depths and calculate excavation
volumes.

Wok in the field starts by locating the ditch centre line by driving pegs at regular
intervals of 30 to 50 m. The pegs may have to be offset from the ditch centre line to
facilitate excavation. A frame formed of a horizontal batten and two posts is fixed across
the future channel at each point marked by a peg (see Fig. IIIE-13). The elevation of the
horizontal batten is such that a stretched cord over a set of battens will produce a guide-
line above the ground, parallel to and at a fixed height over the channel bed. Excavation
workers are provided with staffs, called grade rods, marked to show the standard distance
between the cord and channel bed. The staff is responsible for the periodical checking of the
excavation depth. The cord can be removed so that it does not interfere with the work and is
only stretched when required for checking. As the accuracy of the work depends on the proper
levelling of the horizontal battens, great care should be paid to this in order to obtain
precise results.
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Fig. IlIE-13. Guiding frame for alignment and depth of ditches.

5.1 Hand-excavated ditches

In the rural areas of developing countries, manual labour is usually available for
excavation work. Manual excavation can produce good and cheap results if the labour force is
disciplined and well organized. The work is rather slow and can be difficult if the substrata
are hard and rocky; excavating machines and explosives may have to be brought in to loosen
such materials.

Excavation by hand i s suitable for small and medium ditches; the width of trapezoidal
ditches maey range from 0.3 to 2.5 m. For wider ditches, machinery is indicated although hand
excavation can reach depths of 6-7 m using the "bench technique”. With a pick and shovel, an
experienced labourer can dig about 2 n8 daily in lightly compacted soils (sandy loams, loams)
at shallow depths, not exceeding 1 m. At greater depths, output drops rapidly and at depths
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over 1.5 m, staged excavation with a second lift (or more) i s needed to bring the spoil to the
surface. Additional labour is needed for loading and carting the spoil. These figures are
valid for a strong and experienced worker. With other labourers, less than 50 7 of this out-
put may be achieved.

5.2 Machine-excavated ditches

Machine excavation i s becoming more common i n developing countries despite the heavy
initial costs and high price of fuel. The most obvious advantage is its efficiency and
rapidity. Less obvious but equally beneficial are the savings in food and lodging, direction
and control of workers, and supervision and administration of the work.

The larger ditches, between 3 and 30 m bottom width, are dug by equipment that may
include power shovels, cranes and trench excavators; ploughs and scrapers are also used. The
choice of heavy equipment for excavation largely depends on the size of the project, type of
soil, cost of moving the equipment to the operation site, availability of skilful operators,
and maintenance.

In general a power crane with a dragline bucket i s most suitable for long stretches of
ditches. Trenching machines greatly simplify the cutting of side slopes, and tractor-drawn
ploughs and scrapers can be used economically to cut shallow ditches in soft ground.

Before starting earth excavation, whether by hand or machine, the ground should be cleared
of dense vegetation, trees and rocks. Vegetation can be cut mechanically with mowers, burned,
or killed with herbicides; rocks and tree stumps can be removed with winches, tractors or
explosives.

5.3 Ditching with explosives

The main advantages of excavating ditches with explosives are reduced costs, rapid comple-
tion of the task, no overhead expense for equipment, no need for disposal of excavated
material, simplicity in operation, suitability for conditions where other methods are difficult
to apply, and versatility in the size of ditches to be dug.

Two methods are used for blasting ditches:

(a) The propagation method consists in priming only one cartridge in a set or line of
charged holes. The concussion produced from the explosion of the primed cartridge is propaga-
ted through the earth and sets off the whole line of charges. The priming may be done
electrically or by a time fuse. Adequate propagation takes place only in wet soils; when the

soil can be moulded i n the hands so that it sticks together in a ball, it usually contains
enough moisture for this method. In less moist soils, blasting by propagation will require
shorter distances between charges and will therefore be less cheap.

(b) The electrical method consists of inserting an electric blasting cap in every
charge, connecting it to an electric circuit either in series or parallel, and detonating the
whole set simultaneously by means of a blasting machine. It is more expensive than the
propagation method because of the cost of wire, blasting caps, etc., and takes longer to
prepare, but it can be employed in any type of ground except dry loose sand, in whichitis
practically impossible to blast ditches.

For blasting shallow ditches the two most common patterns for placing the dynamite
charges are:

(a) A singleline of holes, spaced at equal intervals along the centre line of the
proposed ditch. The depth of the charge depends on the wetness and looseness of the soil
material. In general, the wetter and looser the soil, the closer to the surface the dynamite
cartridge should be placed for best results. A good rule of thumb is that the top of the
uppermost cartridge in a hole should never be more than 30 an under the surface. Where the
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ground i s extremely soft and wet, 10 an under the surface i s sufficient. Table IIIE- 1gives
general specifications for the single-line pattern of loads.

Table IIIE-1. Specification for single-line pattern of loads

(Adapted from: Ditching with dynamite. Wilmington, DE, 1955).

Cartridges Depth to Depth of Top width Distance Dynamite
per hole top of charge ditch of ditch betweenholes required
(m) (m) (m) (m) (kg/100 m)

5 0.15-0.20 0.45-0.60 1.2-1.5 0.30 37.5

1 0.15~-0.30 0.75-0.90 1.8 0.38 60

2 0.15-0.30 0.90-1.0 2.4 0.45 100

3 0.15-0.30 1.2-1.4 3.0 0.53 130

4 0.15-0.30 1.5-1.7 3.9 0.61 100

5 0.15-0.30 1.8-2.0 4.8 0.61 188

The cartridge referred to in this table i s one with an approximate weight of 0.23 kg
containing 50 % straight nitroglycerin dynamite.

(b) The cross-section pattern is designed for wide, shallow ditches. It consists of
a centre line of holes, as in the single-line pattern, with perpendicular cross rows located
at every other hole of the centre line. Fig. IIIE-14 indicates the plan to be followed when
loading one cartridge per hole at 38 an spacing; if more than one cartridge per hole is
required, refer to Table IIIE-2 which gives the specifications for the same general pattern
with a variation in distances between holes on the centre line and between holes in the cross
rows.

Dynamite
required
120 kg/100 m
(Adapted from:
Out?ig_e;eﬁge E.l. du Pont de
© ,"i 150 ka/100 Nemours & Co.
grmum Ditching with
dynamite,
Wilmington,
Delaware, 1955).
240 kg/100 m
300 kg/100 m

WHO 811079

Fig. IITE-14. Ditching with dynamite. (1) The cross-section loading pattern —

one cartridge per hole, 38 an spacing, depth of ditch 0.76 to 0.91 m.




Table I11E-2.
(Adapted from:

Ditching with dynamite.

Specifications for cross-section pattern of loads.
Wilmington, DE, 1955).

Cartridges per hole 2 3 4
Distances between holes (m) 0.46 0.53 0.61 0.61
Distances between cross rows (m)| 0.92 1.06 1.46 1.22
Depth of ditch (m) 0.9-1.05 1.2-1.35 1.5-1.65 1.8-1.95
Number of holes per cross row Width Dynamite Width Dynamite Width Dynamite Width Dynamite
{m) (kg/100 m) (m) (kg/100 m) (m) (kg/100 m) (m) (kg/100 m)
3 3.35 200 3.95 258 5.20 300 6.10 375
i 5 4.25 300 5.20 376 6.40 450 7.30 562
7 5.20 400 6.10 515 7.60 600 8.60 750
9 6.40 500 7.30 644 8.80 750 9.80 938
11 7.30 600 8.20 771 10.00 900 11.00 1125

The cartridge referred to in
nitroglycerin dynamite.

this Table i s one with an approximate weight of 0.23 kg containing 50%straight

00
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Both the diagram and the Table are relevant to wet, soft soil conditions which are most
favourable to propagation. Variations in results may be expected in different conditions and
test shots should be run to determine the best loading plan.

All holes should be bored to the bed level of the proposed ditch or slightly above it;
in uneven ground, the holes will therefore be bored to different depths. More cartridges
should go in the deeper holes (see Fig. IIIE-15). The holes should be vertical and in a
straight alignment.
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Fig. IIIE-15. Ditching with dynamite, (2) Whan the ground surface varies,
the load is modified to maintain the bottom of the ditch at
the required level.

(Adapted from: E.I. du Pont de Nemours & Co. Ditching with
dynamite, Wilmington, Delaware, 1955).

5.4 Precautions during blasting

Experience shows that blasting methods for ditching can be as safe as any other method
provided that workers are properly trained and that the instructions on the handling and use
of explosives issued by the manufacturers and by safety councils are strictly followed.
Accidents and injuries from explosives are too often caused by workmen ignoring safety
practices. A study on such accidents in mining pits and quarries, in logging, construction
and tunnelling operations, in agriculture, and in the petroleum industry, indicates that about
74 7 of the injuries occurred during blasting, 12 7Z occurred before blasting (i.e., loading
accidents), and 14 7 occurred after blasting. All the workers injured during blasting either
took poor shelter or took no shelter at all, or stayed too close to the scene of blasting.

A flying rock can break a skull at a distance of 100 m. Richocheting rocks may come from any
direction; it is not enough to take cover facing the blasting scene.

The supervisor is responsible for the safety of the men. He should plan each job with
safety well in mind, choose his men carefully, and train them properly; they should know
about the hazards of their job and the precautions to be taken. The supervisor should see that
adequate shelters are provided and make sure that the workers use them. Wherever shelters
cannot be provided he should see that workers are protected by natural barriers or that they
leave the blasting area in time. He is also responsible for the storage, transport and hand-
ling of explosives. He should supervise storage facilities, vehicles, and loading and firing
equipment so that everything i s kept in good condition.

In certain countries, the use of explosives is restricted for security reasons and
blasting operations may have to be carried out with the consent and under the supervision of
an army or police representative.

|
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I1FE. LAND FILLING AND GRADING
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1. Introduction

Filling of small holes, pits, ponds and other similar water pockets i n and around
villages is a simple and effective means of mosquito source reduction and has been used in
malaria control programmes with good results. Land filling and grading for agricultural
purposes can help i n mosquito control by eliminating shallow topographic depressions and low
spots on farm lands which, when filled with rain and irrigation water, create habitats for
mosquitos.

2. Land filling and grading for agriculture

Land filling and grading for agriculture consist in correcting irregularities of the land
surface with a view to improved irrigation. 1t is an essential practice prior to the applica-
tion of surface irrigation methods which depend on the rapid and even distribution of water
over the land. Within certain limits, land filling and grading can be useful in correcting
depth differences in the fertile topsoil, flattening steep slopes and improving drainage.

Land filling and grading may be impractical and uneconomical where the soil i s excessiwely
permeable and high discharges are needed to overcome losses by percolation, where the topsoil
is very shallow and cutting will bring unsuitable soils to the surface, where the roughness
of the topography demands large quantities of earthwork, where the land i s too steep and the
resulting grades will not ensure suitable water distribution or protection against erosion,
and where the land is so flat and low that drainage is already difficult, although this
depends on the feasibility of introducing pumped drainage. Where land to be irrigated cannot
be economically improved by land filling and grading, the solution may be in sprinkler irriga-
tion or some form of localized irrigation.

Where possible, it i s advisable to remove all vegetation, including trees and brushwood,
before earth moving starts. Medium to large-scale filling and grading operations are better
carried out by mechanical equipment. The job is to scrape rather than excavate the ground,
and machinery cannot be surpassed for this. Where available, animal-drawn scrapers mey be
more practical and economical.

An overall survey of the land i s needed before preparing a land-forming plan for the
entire farm. The actual filling and grading work is usually carried out over several years,
a defined area being completed each year, because of financial and time limitations. The
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final grades of land should be uniform, without depressions or low areas, to facilitate irriga
tion. The services of an engineer are required to handle the technical aspects of the entire
filling and grading job, including the detailed survey and complete set of plans, setting
stakes to indicate cuts and fills, inspecting and checking the progress of the work, and
giving final approval of the finished job.

3. Small fills for mosquito control

For mosquito control the size of the area to be filled and graded i s of secondary
importance; the breeding potential is not directly related to the extent of the habitat.
Mosquito production may be more active in an unused ditch than in a reservoir or lake, and
more dangerous i f located nearer to human settlements.

In malaria endemic areas, filling operations should be directed to large and small
depressions, excavations, and holes (located in and around villages) which may hold water and
serve as habitat for mosquito larvae. Borrow pits, abandoned ditches, waterholes and unused
wells come into this category. They attract little public attention and the health official
i s perhaps the only person interested in their elimination.

Most of these depressions and holes can be filled without the need of engineering skill.
Suitable waste materials are often available for filling small depressions. Otherwise, the
earth needed for filling should be taken from ground where there is a sharp change of slope
or from steep land. In fact, very steep land exposed to erosion can be improved by flattening
part of it. In very flat lands, the remova of top earth, in such a way that a greater slope
will result, will improve the natural drainage towards an existing stream or ditch.

Fig. IlIF-1 shows the various situations suitable for excavating material for land filling.

Change of siope

Steep ground Flat lands

WHO 811081

Fig. IlIF-1. Different situations where filling material can be obtained
without risk of producing mosquito habitats.

Hand tools such as shovels, picks and wheelbarrows are sufficient for filling small
areas; simple animal-drawn scrapers and carts can be used for larger areas. The tractor has
become a familiar feature on agricultural land in most of the developing countries. Farmers,
road contractors, public works departments, or mining and industrial enterprises can be asked
to provide a piece of equipment and driver for a few hours when not otherwise employed.

Fills, whether large or small, should always be graded in the direction of the general
ground slope so that water will run off without impediment; as the fill settles, more earth
should be added until the desired grade i s established. When the depression goes below the
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ground water table and water is always present, the filling should be started at the upslope
end so that, as the filling proceeds, the water i s pushed ahead towards the natural outlet.

Although small land filling is a relatively simple operation, it is preferable to avoid
the creation of holes or pits in the course of engineering activities. Borrow pits are an
example of this problem which can reach considerable proportions. Road authorities should be
aware of the health implications of borrow pits and should not permit them to remain undrained

4. Sanitary land fill

Sanitary land fill i s a method used both for refuse disposal and for land reclamation.
The method consists in dumping a layer of refuse on a selected site and placing an earth
cover on it each day after compaction. The land reclaimed can be used as a site for parks,
recreational areas and outdoor storage.

Small to medium-sized depressions where water may collect and remain stagnant for periods
longer than 10-14 days, thus creating mosquito breeding problems, may be eliminated by this
method. However, filling must be carried out in strict accordance with the recommended
practice of sanitary land fill, i.e., the daily placing of an earth cover on the refuse in
order to prevent odour and unsightliness, and to avoid the breeding of flies and the harbour-
ing of rodents in the dumps.

5. Land shaping

Where insufficient filling material is available for proper grading or where the cost of
the earthwork involved i s prohibitive, land shaping may offer an alternative solution. |Its
purpose is to smooth out roughnesses i n the topography, without any major alteration except
for what i s needed to improve the surface drainage. Although land shaping may not produce
the even and continuous slopes that result from land grading which i s required for good
surface irrigation, it generally improves the topography and surface drainage, with the

elimination of holes or pockets that may hold water. 1t is therefore an effective measure for
mosquito control. In hilly or rolling country, where proper grading cannot be economically
justified, land shaping is therefore a good alternative. Fig. IIIF-2 illustrates the

difference between shaping and grading and shows the same original surface profile, as shaped
for drainage (on top) and as graded for surface irrigation (below).

SURFACE SHAPED FOR DRAINAGE

1.5 i
|.—~—~=-Existing surface
1.0 b— >
ﬂ"'-:-.‘__
e —————— —
05 / T~
/ T
Finished surface on continuous grad\
0.0 l i |
1.5
-
10 === ]
Existing surface &= — ~----"‘N.. P
0.5 \ n v g
%
Finished surface on uniform gradN o
0.0 | | | i B |
0400 ?+W 2+00 3+00 4+w 5+00 6+00
SURFACE GRADED FOR SURFACE IRRIGATION
Fig. IlIF-2. Comparative profiles of a land surface, as shaped for

drainage (on top) and as graded for irrigation (below).
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Land shaping can also be suitable for draining flat lands where a slope i s required.
Parallel ditches are dug in the direction of maximum slope; the excavated material is used
for forming either a convex surface between the two ditches with the vertex of the curve
running midway and parallel to the ditches, or a continuous grade between ditches with the
lower end on the edge of one ditch and the higher end on the edge of the next ditch (see
Fig. IlIF-3). The spacing and size of the ditches are dictated by the volume of filling
required. This shaping is particularly suitable where the ground water table i s not close to
the surface, as in that case the ditches might have to be dug deeper than would otherwise be
required.

Establish a continuous grade by cutting on the lower
and filling on the upper end. Fill all depressions and  Use excavated material from ditches
remove all barriers. as fill for establishing grade.

\ Parallel ditches designed to carry drainage runoff

Establish a continuous grade to a developed ridge midway between field
ditches by cutting from ditches and filling toward centre
of land between ditches.

Ridge
e e e S S - ; Tl e IS
> S
e o e e T = N O e ©
: 9
Field ditch~ Field ditch g

TYPICAL CROSS SECTION OF GROUND SURFACE THAT HAS LITTLE OR NO GENERAL
SLOPE AND IS COVERED WITH MANY SMALL DEPRESSIONS AND POCKETS

Fig. IlIF-3. Methods of grading land surfaces for drainage.

6. Natural fills

Where rainfall is intense and frequent, runoff flowing into ditches and streams carries
heavy concentrations of sediment. By appropriate planning, this sediment can be trapped,
allowed to settle, and used as a filling material to eliminate in due course a swanp or inter-

mittently flooded area.

To facilitate the natural filling process, the outlet of the svarp or the low areais
provided with temporary gates, weirs, levees or other structures to regulate the outflow so
that the whole depression works as a settling basin. The stream carrying the sediment-laden
water i s diverted to discharge into the svamp just above the low point of the area to be
filled; the incoming water spreads out and loses its initial velocity so that the sediment
may settle on the bed and gradually fill the swamp.

The elevation of the outlet structure should not be higher than the final elevation of
the desired filling. A V-shaped weir at the outlet will allow the discharge of the increased
outflow resulting from the filling of the svamp and raising of the water surface level,
without interrupting the silting action.

7. Largehydraulic fill

Where hydraulic dredging takes place in the vicinity, the method of large hydraulic fill
offers a means of disposing of the dredged material by using it for filling. It is suitable
for the filling of very large areas, particularly those adjacent to a river course, naviga-
tion channel or sea coast, at a very low additional cost.

Suction dredges are supplied with centrifugal pumps specifically designed to pump
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slurries containing 10-15%solids by weight. The solids range fromfine and coarse sedi nents
to gravel and cobbles. Large volumes of water and sediment are noved by such dredgi ng.
During operation, a floating di scharge and di sposal |ine connect the dredge to the shore.

Large hydraulic fill projects arerarely attenpted solely for malaria or mosquito control,
but when such a project is inplenmented in connexionwth the dredgi ng of a river or harbour,
arrangenent s nmay sometines be nade to have the soil deposited so as to elininate a | arge
source of Anophel es mosquitos. Many projects of this type have been inplenented. An out-
standi ng exanpl e is the disposal of dredgings fromthe Panama Canal , whi ch elimnated

thousands of acres of Anophel es breeding places that woul d ot herw se have been difficult to
control .

In the disposal of dredgings, caution should be taken to prevent nosquito breeding in the
cracks that appear as the dredged naterial dries out.
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1. Resettlenment and settlenment of popul ation

Maj or environmental managenent works such as the i npoundment of water and the system of
wat er conveyance for irrigation are al ways associated with the nmoving and settl ement of popu-
[ ation~. The people living in the basin of the proposed reservoir need to be resettled and
the i mmgrant popul ation that noves in for pernmanent or seasonal settlement needs attentien
and hel p. Accomodation for both these groups nmust be planned and constructed in advance.
Furthernore, the | abour force brought in for the construction of works as well as the settled
or resettled popul ati on needs to be protected against the health risks of the project area
(see section 2 below.

The pattern of settlement to be adopted, either grouped(villages) or ungrouped
(scattered houses), depends on the tradition and cultural background of the popul ation
concerned. In general, it is easier to provide facilities and services in the village type of
settlement and to protect it against malaria and ot her vector-borne di seases. Environnental
managenent operations for mosquito control need to be carried out only around vill ages,
whereas in scattered settlenment situations the operational coverage nust be nuch w der in
extent. Changing the pattern of settlement may have many social and cultural inplications;
nevert hel ess, the grouped settlement pattern has great advantages and, wherever not adopted,
deserves serious consideration.

In any resettlenment or settlement project, site selectionis the prinary consideration.
Settlenents shoul d be located as far away fromnosquito sources as possible. Sanitary
facilities of a standard that ensures protection agai nst di sease transm ssion should be
provi ded. The provision of drainage ditches to get rid of rainwater and of proper drainage
for each water point (handpunp, standpost, etc.) to renove spilt and waste water is an
i mportant measure for reduci ng nosquito sources.

Apart fromthe abovenentioned environmental managenent neasures whi ch are of a pernanent
nature and have relatively slowbut long-lasting effects, it nay be necessary to undertake
measures to provide i medi ate protection. These may include nedical screening of new arrivals,
treatment of detected cases and chemoprophyl axi s, sprayi ng of houses with residual insecti-
ci des, nosquito proofing of houses, and ot her nethods as discussed in Chapter V. It must be
remenbered that the establishment of an effective health service, including a primary health
care network, is the nost basic requirenent for the protection of human health and shoul d be
given priority in any resettlement or settlenent undertaking.

2 Protection of work force during construction

VWat er resource projects and ot her devel opnent projects require groups of workers assem
bled at constructionsites. This situationis |liable to produce epidenics of conmunicable
di seases, particularly those transmtted by vectors. Newy arrived workers may have previously
been exposed to different infections and some may even harbour di sease agents. Measures need
to be taken to prevent the spread of disease.
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The work force is usually provided with health care and housing by the construction firns.
The latter should be remnded that the sites for the required living quarters and field offices
shoul d be properly sel ected and that adequate sanitary facilities should be provided. The
local health authorities or the governnent department responsible for the project shoul d
reserve the right to reviewconstruction canp plans and to i nspect arrangenents for water
supply, liquid and solid wastes disposal, and sanitation of bath houses, bunk houses, the mess
hal | and kitchen. For the health protection of the work force, the same neasures need to be
taken as described in section 1 above for new settlers.

Experi ence has shown that in addition to the "official" work force, there is usually a
large influx of work seekers, traders, etc. These unsupervised immgrants pose a real health
threat, during both the construction and the operational phases of the project, in an area
formerly uninhabited and hence totally devoid of facilities. It is inportant for this probl em
to be planned for in advance. Sone sort of control over the nmovenent of popul ationinto the
construction areas nay prove useful.

3 Antinal ari a measures for immigration areas

Det ai | ed suggestions on antinal ari a measures to protect the work force in the project
areas and the general population in newsettlenent areas are given in Manual on Personal and
Cormuni ty Protection agai nst Malaria.2 A summary tabul ation of suggested neasures, included
in that manual as an annex, is reproduced on the next page.

In connexionwith the table, the follow ng points are to be not ed:

(i) The neasures suggested for countries with a nal aria eradication programe differ
fromthose for countries with a sinple nmalaria control programme only in the great inportance
given to surveillance in the former countries.

(ii) Please note the followi ng values. Hypoendenic: spleen rate <10%. Hghly
dangerous: spleen rate 11-30% Extrenely dangerous: spleen rate >30%.

(iii) The scheme of antimal ari a measures suggested for applicationin various malario-
genic Situations envisages a higher degree of mal aria transm ssion than woul d be expected in
non-i mm grant popul ations; therefore, it nay be too demanding. Al so, the sharp distinction
bet ween "high-danger™ and "extreme danger" zones on the basis of spleenrate only is too
artificial. The responsible epidem ol ogi st should therefore use his discretion to decide
whet her, under the | ocal circunstances, a | ess aggressive approach can be adopted wi t hout
risk.

2\WHO CFf set Publication, No. 10, 1974, p.38.




SUMMARY OF MEASURES ADVI SED FOR IMMIGRATION AREAS®
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4 \easure for non-immunes only.
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1. I ntroduction

Envi ronnent al nanagenent wor ks nust nake use of proper equipnent if they are to have a
significant inpact in any vector control programme. Wile nanual operations and the use of
hand tools may continuein linted operations or in renmote areas, the ai mshoul d be to extend
the use of powered equi pment on account of the better quality of the work performed, the
greater output and ot her econom ¢ advant ages.

Several types and sizes of powered equi pment for excavating, |oading, hauling, etc. are
now avai l abl e i n the market throughout the world. Many are enployed in agriculture, public
works, etc. by private agencies or government services, and arrangenents can often be nade to
use themfor environnental nanagement and vector control purposes, either free of charge or at
nonmnal cost. |In that case, the problens of equipment use will be fewer since staff training
and equi prent operation and nai ntenance remai n the responsibility of the owner agencies.
Vector control services purchasing their own equi pment shoul d start with sinple and i nexpensive
itens and continue with nmore sophisticated machines. Citeriafor the sel ection of types and
si ze of equi prment cannot be generalized and nust be specific to each programme. Certain
common princi pl es can, however, be put forward for the gui dance of vector control services
(see section 4 below.

2. Justification for the use of equipnent in vector control services

d the various environmental nanagement nmeasures, environmental nodificationworks can
benefit nost fromthe use of equipnent. The reluctance of programmes to nmake use of these
neasures even though they are locally feasible is due to the assunption that they are costly,
and failure to appreciate their inpact on the control of vectors and di seases by shortening
the tine required to carry out any najor work of this kind. Mdern equiprment is the key to
accel erated execution and to the lowering of cost per unit of work performed. At today's
prices, a light tractor-drawn pi ece of equi pment may cost less than a light field vehicle, and
a medi um sel f - power ed backhoe With front |oader may cost no nore than three vehicles. A
single itemof such equi pment has a work output greater than tens and hundreds of |abourers
and, in addition, does not create the costly and conpl ex organi zati onal , supervisory and
| ogistic problens inherent in the use of a large |abour force. The choice of proper equiprent,
however, is an inportant factor in optimzing benefits and shoul d be given careful considera-
tion.

3 Kinds of equi pnent

Many ditches nowin use for irrigation and drai nage were cut, and used to be naintai ned,
by hand or ani nal - povered inpl enents and tools. Nowadays, aninmal power is little used except
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for cutting very small open ditches and operating a few scoop-type and fork-type cleaning
implements. Since the advent of the internal combustion engine and the development of the
farm tractor, cutting and cleaning operations have largely been mechanized, although i n many
areas in developing countries, and outside agricultural schemes, the farmers still dig their
ditches using hand tools.

The work involved in ditch cutting and cleaning is mainly that of excavating soil and
shaping a channel and its banks, the removal and disposal of deposited silt and soil, cutting
growing weeds, and disposing of them. The major works that can be carried out by mechanized
equipment include excavation, scraping, dozing, grading, hauling and compacting. Some of the
machines used for this work are listed in Table IIIH-1. They may be drawn by tractors, mounted
on tractors, or self-powered. They may be mounted on wheels or on tracks. It is not possible
to classify them under the heads of cutting machines, cleaning machines, hauling machines, etc.,
since they may do several of these jobs. They vary in size and power requirements from light
implements up to large heavy machines needing powerful engines. Between these two extremes,
there is a large and growing range of medium equipment designed for use with all types of farm
tractors and engines. It is not possible in a limited space to describe all the machines that
are now in production. In Annex 5 they are discussed under broad types and categories rather
than as individual and particular makes of machines.

4. Selection of eqguipment for environmental management works: the guiding principles

The key to the selection of the type and make of equipment for use in environmental
management works should be uniformity and conformity with that existing in the operational
area, thus facilitating operation and maintenance. In rural areas, manual and animal-drawn
equipment should be selected as a general rule. Where mechanized agriculture exists, equip-
ment designed for use with the existing types of farm tractors and engines may be selected.

In cases where vector control services possess adequate funds and qualified staff to carry out
medium-size environmental management works, they should also use multipurpose equipment such
as backhoes with loaders mounted on wheeled tractors. Specific types of equipment should be
bought only if this is fully justified by local needs.

The following considerations should be borne in mind when selecting equipment for envirm—
mental management by vector control services:

(a) Whether an engineer or a public health inspector experienced in environmental management
works is available and is heading a unit in the service responsible for these activities.

(b) Whether funds are available.
(c) Wha is the extent and nature of work to be carried out in the next 5 to 10 years.

(d) what is the texture and composition of earth material to be excavated, hauled away and
disposed of.

(e) Wha is the haul distance.

(f) Whether wheeled or tracked equipment is to be selected will depend on the topography of
the land. Tracked equipment can negotiate slopes up to 100% (450). Wheeled machines have
serious traction difficulties on wet ground and if slopes are more than 15% (9°).

(9) What are the cost of the machine and that of its operation and maintenance.

(h) What skill is required for its operation and maintenance.

(i) Should equipment be multipurpose, capable of performing several different environmental
management and agricultural operations.
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Table I11H 1. Construction equi pnent *
Size d ass Use
Type (hor sepower , (1'i ght nedi um i n excavating
vol une) heavy) and filling
Mouldboard ani nal - drawn [ight Qutting and mai ntai ni ng snal
pl ough di t ches
Snal | ditching ani nal - drawn [ight Qutting and mai ntai ni ng snal |
pl ough di t ches
Large furrow- tractor-drawn light-medium  Qutting snall ditches
type ditcher
Wi th wings
Mot or grader 125- 250 hp light-medium— Qutting ditches, nixing and
heavy grading earth naterial s,
snoot hi ng earth surfaces
Angl e bl ade 62- 700 hp, light-medium~ Qutting ditches, bull dozing
dozer D4-D10 bl ade wi dt h heavy earth, buil di ng enbankments,
3.1-6.0 m rough filling and diggi ng
over short distances
Hone- nade drag Pull ed by [ight Qutting and cl eani ng snal |
dit cher ani nal s or di t ches
farmtractor
V-type ditcher Attached to [ight Qutting and mai ntaini ng snal |

Track excavat or

(backhoe)

Weel excavat or

(backhoe)
- | oader

Rotary ditcher

3

farmtractor

85- 325 hp 3 medi um heavy
bucket 0.57-2.5 ni,
di ggi ng depth

3.86-5.45 m

47.5-96.7 hp,
backhoe di ggi ng
depth 3.81-589 m
| cader 1134- 2631 kg

['i ght-medi um

attached to farm
tractors
350- 140 hp

['i ght medi um

di tches

D ggi ng nedi umto-1arge canal s,
open drains, filling nmedi um
to-large trenches, | oading
trucks

D ggi ng smal | -t o- medi umtrenches,
canal s, open drains, ditches.
Filling small-to-medium
trenches. Loading trucks,
novi ng earth short di stances.
A very versatile and practical
nmachi ne.

Qutting and naintaini ng small-
t o- medi umdi t ches

See al so Annex 5 where a nunmber of these inplements are described withillustrations.




11.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

Wieel front-end
| oader

Track front-end
| oader

Wheel tractor

scraper, with
tractor pusher

B evati ng wheel
tractor scraper

Tandem power ed
(push-pul | )
wheel tractor
scrapers

G adal |

Front - end

shovel

Dragline

Bucket - heel
trencher

Pl ough trencher

Conpact or

( f-highway
truck

Speci al appli ca-
tion tractor

Wieel tractor

100- 690 hp,
1.34-9.6 nb,
breakout force
8700- 66700 kg

62- 275 hp,
0.8-3.82

330- 550 hp,
10.7-33.6

150- 450 hp
8.4-26 ms

225-550 hp each,

113

10.7-33.6 n® each

30- 120 hp,
20- 100 1d/ hr

50- 200 hp,
up to 200 m/ hr

Requires 2-D9
tractors as
prime novers

170- 315 hp,
operating wt.
18170- 31560 kg

450- 870 hp,
17.4-46.4

68-125 hp

170-315 hp

medi um heavy

small-medium~
heavy

medi um heavy

medi um heavy

heavy

heavy

medi um heavy

['i ght - medi um

['i ght - medi um

nmedi um

medi um heavy

heavy

small-medium

medi um heavy

D ggi ng, nmoving | oads short
di stances, | oading trucks

D ggi ng, |oading trucks

Scraping and moving earth
medi um di st ances, building
earth enbanknents, filling
trenches and depressi ons

Scraping and noving earth
medi um di st ances, buil di ng
earth enbanknents, filling
trenches and depressions

Scraping and moving earth
medi um di st ances, buil di ng
earth enbanknents, filling

Di tchi ng, trenching,
excavating, grading, filling,
shaping; a very versatile
machi ne

D gging hard soils and rock,
| oadi ng trucks, noving
large quantities of earth

Qutting and cl eaning | arge
open di tches, cleani ng weeds
fromditches

Conti nuously cutting trenches,
installing plastic drain
t ubi ng

For installing plastic drain
t ubi ng conti nuously wi t hout
di gging a trench

Conpacting earth enbanknents,
dozing and filling

Hauling earth naterials over
I ong di stances, carrying
| arge rocks

Pul 1ing special equi prent

Dozi ng, grading, faster than
tractor dozer
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1. Strategies applied to man-made |lakes

A recent review of dam construction throughout the world revealed that 14 vast man-made
lakes, exceeding 14.8 billion m3 capacity, have been created in tropical countries, many of
them in endemic areas of malaria or schistosomiasis.

These and other projects have stimulated awareness of their environmental consequences
and possible adverse effects on ecology and public health. In the economic planning of
developing nations, the possibility of harnessing renewable water resources for generating
electrical energy, irrigating cultivable land, managing floods, and transporting products and
rav materials has great appeal. The planning and management of such projects, however, are
most complex and should cover all areas of environmental impact, including public health, so
that on balance the benefit to men i s undeniable.

Early in the century, the association of epidemic malaria with man-made lakes in the
southeastern United States led the U.S. Public Health Service and other agencies to develop
strategies for the control of the malaria vector Anopheles quadrimaculatus in impounded waters

The regional development concept of river valley authorities, often international in
scope, with its multiuse objectives and far-reaching legal and social implications, is so
wide-ranging that only governments can take responsibility for these undertakings. They can-
not be left to private management or ownership. It is thus the duty of health authorities to
incorporate principles and guidelines in the early stages of such water resource development
projects, whatever their purpose.

Impoundments present no malaria hazard where a lacustrine or "pond-breeding” mosquito
vector is not present in the region. It isnot likely that the An. gambiae fresh water
complex, the dangerous malaria vector in Africa, could find suitable breeding places on the
margins of man-made lakes, except for the puddles that mey remain in the drawdown zone despite
marginal drainage precautions. Although only a few of the important vectors of malaria can be—
considered as lake-breeding, when a stream i s impounded to form an extensive lake-breeding
habitat, a minor anopheline vector may, however, become dangerous by its sheer numbers. ’
1.1 Description of various impoundments and their relative importance

for mosquito production

1.1.1 Navigation canals

The dams and spillways of navigation canals are designed to maintain a constant pool
elevation in the canal and to replenish the water consumed for lockage. Canals are excavated
with a cross-section side slope which resists erosion by waves created by the passage of boats.
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The use of stone or concrete lining is common; where natural earth is used, a flat slope up
to 10:1 is adopted. The water storage areas may be extensive, as in the Gatun Lake on the
Panama canal, or small, as in the case of lateral canals used to avoid shoals along navigable
rivers. The Gatun Lake has a marsh potential2 of 15 m~! whereas the Colbert shoals canal has
a potential of only 1wl The unprepared Gatun Lake has been associated with endemic malaria
transmitted by Anopheles albimanus which breeds in the floating mats of aquatic plants among
the drift, floatage and dead timber. Thus, while navigation canals may be of minor importance
because of the frequent disturbance produced by the passage of boats, the impoundments
connected with these canals can be a major breeding place for mosquitos.

1.1.2 Public water-supply reservoirs

Impounding reservoirs are built on upland streams for the purpose of storing freshet
flows for use during those times when the natural flow of the stream is insufficient to main-
tain a safe yield. The size of the catchment area and the study of rainfall-runoff cycles
will provide data to determine the storage needed to compensate for daily fluctuation within
a single year and the annual storage to carry over the surplus of wet years for use during dry
years. The water level variations in the reservoir can be quite wide, up to 3 m or more
during a normal year and considerably greater during drought. Since the water quality is of
prime importance for drinking water sources, the preimpoundment reservoir preparation i s
mandatory (see section 1.2 below). In the tropics, algae and aquatic blooms are most trouble-
some, and may encourage mosquito production.

1.1.3 Hydroelectric projects

The capacity of the power-generating equipment and the load demand are closely related
to the quantity of water available and the storage provided. The height of the dam is usually
partly dictated by these requirements. It is usual for a hydroelectric power plant to serve
a large electric system in combination with auxiliary (steam or diesel) power stations as
dictated by the daily and seasonal energy load curve. |n general, the hydro plant is used
when the load increases towards the peak demand so as to use as much of the plant capacity as
stream flow and storage will permit. In periods of low flow, the plant may operate only
during peak load periods; during high flows, it may take the base load. Fig. IV-1gives an
example of a service system showing this principle of shifting the base load from hydro to
steam during the period of low stream flow. It should be noted that hydro operation during
normal flow will deplete the available reservoir storage throughout the week in the expecta-
tion of its being refilled during the weekend offload period. This results in a cycling of
reservoir levels quite consistent with good practice for anopheline mosquito control.

1.1.4 Flood control reservoirs

A "flood" refers to an overflow of a river or other body of water that causes loss of
life and serious damage to structures in the flood plains. Farm, forest, and pasture land
exposed to occasional floods can be guarded by protective embankments (levees) on either side
of the river. It is as a protection against exceptional floods that large storage reservoirs
are required. The cost of flood protection works (such as dams, channels and levees) may,
however, be disproportionate to the probable flood damage, especially if the siting of towns
in the "flood plain™ is discouraged. The single-purpose flood storage reservoir is most
effective when it is completely or nearly empty at the time the flood occurs because a maximum
reduction of flooding downstream i s then possible.

2 Marsh potential i s defined and interpreted in section 2, subchapter IIIA.
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A flood during the mosquito season can be expected to result in almost uncontrollable
mosquito breeding in flood storage pools which are overloaded and packed with drift and
floating mats. It will take two weeks or more for the habitat to "ripen” and provide maximum
larval densities, but high adult mosquito populations can be reached even sooner. The rapid
lowering of the storage pool after the flood crest has passed is accompanied by a dramatic
abatement of mosquito breeding as eggs and larvae are stranded with the drift and floatage on
the steep reservoir slopes. Reservoir preparation will greatly assist in controlling mosquito
production, especially by removal of timber and by marginal drainage.

In plamning flood control, the extent and reliability of hydrographic data are most
important, since inadequate data may result in over-designed and unnecessary storage or down-
stream safety measures. Care is necessary in deciding the level below which the reservoir
should be cleared of trees. |If the cleared area is not flooded at least once in 3 years, the
trees will grow up again. |If the tree-clearing level is too low, large areas of timber may be
flooded so frequently that the trees die and have to be removed. Most trees withstand floods
of short duration during the growing season and extended floods during the dormant period.

In flood storage pools, often sited in steep, head waters of river basins, the timber species
cannot survive if flooded more than 5-10%of the time during the growing season.

1.1.5 Irrigation reservoirs

Surface reservoirs are built to store irrigation water for use when the natural flow of
a stream i s not sufficient to meet demands. Usually the winter and spring runoff can be
impounded until needed for crop growth. Evaporation and seepage losses are a serious problem
of storage reservoirsin arid areas, as i s sediment accumulation which may limit the useful
life of the structure. The popular tendency is to associate water storage for irrigation with
the enormous government-built dams for reclamation of desert areas. These projects are
generally of the multiuse type, less likely to contribute to malaria vector problems than the
thousands of small earth dams and reservoirs in farms throughout the world which are commonly
referred to as "tanks" or "bunds". Irrigation reservoir operation is essentially a cycle of
seasonal filling, storing and gradual release (as needed) throughout the growing season. W.ith
proper reservoir preparation, only a modest mosquito vector production problem would be
expected. The worst vector breeding conditions appear after off-seasonal rains which flood
the pools and encourage vegetation on margins of the partially emptied reservoir. Correct
water level progression measures will be resumed with the normal release of water for irriga-
tion.

1.1.6 Fish ponds

In some parts of the tropics and subtropics, fish culture ponds have constituted a
breeding place for the local malaria vector. The classical example is the breeding of the
vector Anopheles sundaicus in the saltwater fish ponds of north Java. Today the need to
contribute to the food economy, especially in countries deficient in protein, has resulted in
a regain of interest in the pond cultivation of edible fish. Usually low-lying lands, subject
to flooding during the rainy season, are chosen for fish ponds. An embankment is raised
beside the river and tributary streams, and encloses an area which i s partitioned into large
cells by secondary bunds or dikes constructed with the material excavated from the pond area.
During the flood time, millions of young fish are allowed to enter the enclosed ponds. A
similar pond area may be constructed in large tidal flats for the cultivation of saltwater
fish and prawns. Attention is now being paid to the role of floating aquatics such as Pistia
and water hyacinth. The emergent plants offer protection to larvae, mske the control of
anopheline mosquitos difficult, and may interfere with the growth of desirable organisms and
the oxygen balance of the pond.

1.1.7 Waste water lagoons

Ore biological method of waste water treatment i s the use of artificial lagoons or
stabilization basins, often referred to as oxidation ponds. The pond area and depth required
depend upon the strength of waste and the processes involved, either anaerobic, facultative
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or aerobic. Anaerobic lagoons are intended for very strong wastes; they are foul-smelling
and covered with a thick scum. Nbo anopheline species would select this habitat; however some
filth—-loving culicines and flies would.

The facultative lagoon has been designed to allow for satisfactory levels of oxygen
production by naturally generated algal populations. In this type of lagoon, anaerobic
decomposition takes place in the lower portion while algae growing near the surface provide
oxygen for aerobic processes. In between is a range of dissolved oxygen from zero to super-
saturated on sunny days. The major design requirement is that the lagoon should not become
completely anaerobic during the night or on cloudy days. The potential for mosquito produc-
tion of a facultative lagoon i s high, unless the shoreline i s steep, preferably with stone
rip-rap, and the pond deep enough to prevent the growth of emergent aquatic vegetation.
Provision should be made for partial emptying of the pond for shoreline maintenance. The high
rate aerobic pond is really an aerated lagoon, and i s similar to an activated sludge tank
without recycling. It has limited application in developing countries. The design is on a
somewhat firmer basis than that of the facultative lagoon. |Its operation depends partly on
incident solar radiation and loading rate but also on experience and judgement. Ponds in
series, as opposed to a single basin, can control short circuiting but increase the area of
the mosquito breeding edges. Below are given some design parameters recommended for general
use.

Typical oxidation pond design

Anaerobic Facultative
Depth (m) 2.5-3.5 1-15
Detention (days) 30-50 7-30
BOD* (g/m2/day) 33-56 2.2-5.6
BOD removal (Z%) 50-70 70-85
Algae conc. (mg/1) None 10-50
(*biochemical oxygen demand)
1.1.8 Multipurpose dams and reservoirs
The building of a system of multipurpose dans and reservoirs will have both direct and

indirect implications for the health of the people of the region. For example, vast irrigation
projects for wet rice crops and cane cultivation have too often had adverse effects on the
health and welfare of the people who, it was hoped, would benefit socially and economically
from the project. Therefore any regional multiuse water resources enterprise must allow for
possible conflicts of interest, and ensure that the result is constructive or at least not
damaging. Appropriate measures should be incorporated in the design, construction and opera-
tion of such systems for the control of mosquitos and the prevention of other health hazards
(see Chapter I1I).

The concept of integrated regional development must include a strong public health
component from the start of the planning phase. Too often, measures for disease prevention
are not incorporated in the enterprise until postconstruction difficulties arise, and correc-
tive measures are more expensive to apply and less likely to be successful. Further,
construction safety and medical service organizations do not necessarily include preventive
medicine measures, and cannot be relied on for the protection of the health of the population
affected by the enterprise.

1.2 Preimpoundment reservoir preparation for water |evel management

Certain basic environmental management measures, if properly carried out, are generally
quite effective in controlling mosquito production on impounded water. They comprise the
preparation of the reservoir prior to impoundment, and a programme of water |level management
designed to strand drift and floatage, minimize the invasion and growth of marginal plants
which provide the habitat for anopheline propagation, and suppress aquatic plant colonization.
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The purpose of preimpoundment preparation is to clear and otherwise prepare the basin
prior to filling so that in principle a clean water surface will result at all elevations
between high and low level. This subject is discussed in detail in subchapter |I1A above.
The technique and objectives of water level management for mosquito control are explained in
section 1.3.1 below.

1.3 Postimpoundment reservoir operations

1.3.1 Water level management schedules

The major strategy of malaria mosquito control following impoundment i s water level
management. Almost every reservoir has some predictable pattern or "rule curve" of water
level changes throughout a normal water year. The water year does not coincide with the
calendar year but rather with the cycle of rains and runoff which is particular to each catch-
ment area and may be quite different from that at the reservoir site itself which, in some
cases, may be a perpetual desert (Nasser Lake, Egypt). The maximum opportunity to make use of
water level changes for mosquito control is found within a multiuse system of reservoirs where
water control is highly developed. Through biological investigation and field appraisal, an
improved and integrated system of 'rule curves" has been developed for the reservoirs of the
Tennessee Valley Authority (TVA) system in UA which set the bases for control of malaria
vectors and of the marginal vegetation which supports their development. Today, water level
management alone controls anopheline mosquito production on most of the 30 major TVA
reservoirs. The elements of the schedule are given in Fig. V-2

1.3.1.1 The four phases schedule

The first phase involves filling the reservoir to provide a surcharge (early spring in
temperate zones) of 30 an or more above normal full pool, followed by a rapid draw to full
pool level. Depending upon the stream flow, the time for filling and surcharge will be

variable. For mosquito control purposes, the surcharge serves to strand accumulated drift
and floatage and is required for only a few days.

The second phase involves the maintenance of a relatively constant full pool level at the
clearing line until the beginning of anopheline mosquito production. The constant pool level
limits invasion of semiaquatic marginal vegetation into the fluctuation zone, thus providing
a clear shoreline when the water i s drawn down later in the season.

The third phase consists of weekly fluctuations starting when larval populations reach
significant numbers. This calls for the lowering of the pool about 0.3 m and refilling during
the week. In a hydroelectric project, the cycle is not too difficult to achieve since the
load factor is less over the weekends. In a system of reservoirs, the load may easily be
shifted to permit either drawdown or reflooding as required. The purpose of the fluctuation
is to draw down the water level and expose the marginal band of vegetation once a week, thus
eliminating the larval habitat. The antimosquito action is threefold: it creates unfavour-
able conditions for oviposition, it interrupts the production of food organisms for larvae,
and it exposes larvae to the predation of their natural enemies. Furthermore, some larvae
and eggs are stranded in the dewatered area where they die by desiccation or are eaten by ants
and other predators before the water i s raised. The reflooding serves to delay the growth and
invasion of marginal vegetation. Thus, while the first two phases of the management programme
are directed at the mosquito habitat, the third phase (cyclical fluctuation) is directed
against both the habitat and the mosquito. The amplitude of the weekly cycle need not exceed
0.3 m so long as water is largely withdrawn from the marginal vegetation at the low point of
the cycle. Neither is a full 0.3 m cycle required if the vegetation has not invaded far
enough into the pool to justify that amplitude.

The fourth phase of the ideal water level management schedule consists in combining
seasonal recession and cyclical fluctuation. After a few weeks of the third phase (water
level fluctuation), field observations and measurements of mosquito density levels will show
that a clean margin i s no longer provided at the low point of the cycle. The pattern of level
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fluctuation must then be changed. The water level is lowered 0.3 m as before, but is
subsequently raised only 0.27 m on reflooding. This is referred to as "seasonal recession"
since the period coincides with the decrease in stream flow and the increase in the use of
water for downstream navigation, flow augmentation, and irrigation. The controlled recession
serves to ensure that the low point of the weekly cycle will draw the water sufficiently far
below the advancing vegetation to control mosquito production. [If stream flow and withdrawal
rates permit, the recession rate per week should be kept to a minimum since the sharper the
recession the broader will be the band of marginal plants requiring some shoreline maintenance
before the flood storage phase begins anew.

1.3.1.2 Comments on general applicability to various reservoirs

The four phases schedule represents the ideal management for temperate zone climates
where advantage can be taken of the winter period. It is based on the assumption that flood
stages will occur normally in the late winter or early spring period, and that the system of
discharge regulation from both storage and main stream reservoirs will be sufficiently
flexible to allow the proposed rule curves to be maintained.

Even in the temperate zone very large reservoirs cannot respond to weekly cyclical
fluctuation requirements, and for mosquito control they must rely instead on regulated
seasonal recession. The storage reservoir also cannot follow the four phases because its
situation at the head of a tributary stream makes it subject to an annual rhythm of fill and
draw. Filling takes place during the winter and early spring and, after a short storage
period, water is released to maintain downstream flow as the summer progresses. Properly-
prepared storage reservoirs do not present serious malaria mosquito problems when they are
built in steep mountainous terrain with a cool climate, and when they have wide seasonal
recessions which draw down well ahead of invading marginal vegetation.

Some reservoirs are neither provided with flood storage nor operated to give wide
seasonal recessions. These are mostly operated at nearly constant pool levels, as is the case
in some hydroelectric projects. Where inflow i s not scarce, cyclical fluctuation alone may
offer the best mosquito control when coordinated with maximum and minimum weekly power factors.
Fig. IV-3 illustrates the mosquito control efficiency of several water level management
schedules for a hydropower reservoir with no flood surcharge and only 0.6 m recession. It has
been observed that when the water level in reservoirs remains constant, mosquito control fails
despite lavish larvicidal operations.

A difficult question i s how to adapt water level management, as practised in the USA, to
tropical zones where there i s no winter interruption in vegetation growth and mosquito propa-
gation. There is reason to believe, however, that water management principles can be applied
fairly well everywhere.

The storage surcharge phase i s the most undesirable feature in the tropics. The problem
resides in the rate of refilling and the promptness of drawdown to ensure stranding of floatag.
If the water level rises slowly over several months i n margins covered with vegetation,
emergency larvicides may have to be employed. With a rapidly rising water level, the danger
may be insignificant because of the latency period required for the maturation of the new
larval habitat.

Most tropical reservoirs are located on large rivers fed by high torrential rainfall,
often with 80%of the annual flow in 2 to 3 months of the year. Reservoirs usually have large
storage volumes to carry over the dry years, and turnover rates varying from once in 5 years
(Volta) to once in 9 years (Kariba). At the beginning of the flood period, the reservoir is
likely to be quite low and much of the flood flow will be over the barren shoreline. When
the progressing water level reaches the vegetation band, usually the weather will be clear
with cool nights. This may retard mosquito development from egg to adult to perhaps 2-3 weeks,
depending somewhat on altitude. Soon thereafter, the water level will reach its peak and
slowly, then rapidly, start its annual seasonal recession. The dewatered shoreline will be
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progressively exposed to hot, dry weather and highest evapotranspiration rates. With good
water level fluctuation and marginal drainage, maintenance mosquito problems should be minimal.

The greatest threat to the success of the strategy of water level management is the
colonization of floating mat types of aquatic plants. A low effectiveness of water level
management techniques mey be expected in areas colonized by these plants. Impounding
reservoirs may have a high potential for such colonization and therefore high mosquito control
costs. There are many floating mat species of plants in tropical and subtropical areas. They
include the water hyacinth (Eichhornia), water chestnut (Trapa), water primrose (Jussiaea),
alligator weed (Alternanthera), water lettuce (Pistia), water milfoil (Myriophyllum) and
Salvinea. The control of aquatic plants i s discussed in section 4.3.5.

1.3.2 Shoreline maintenance

1.3.2.1 Marginal drainage

An effective system of reservoir marginal drainage must be maintained if full advantage
is to be taken of the strategy of water level fluctuations for mosquito control in impounded
water. The drainage works constructed during the preimpoundment period are like the "tip of
the iceberg'" compared with the number of undrained depressions discovered after impoundment.
If left undrained, isolated pools will continue to produce mosquitos. Pest mosquito problems
also occur in shallow depressions i n the zone between high and low pool levels. Since the
habit of floodwater Aedes sp. i s to lay eggs on the dry soil of the depression, enormous
broods emerge later on when the area is reflooded. The annual maintenance should include a
survey to identify new pools to be drained, as well as the regrading of old ditches where
necessary.

1.3.2.2 Drift removal

If storage for a flood surcharge is available, the problem of annual drift removal is
minor and concentrated in the heads of bights and indentations where a cleared space should
be provided for stranding the material. Such accumulations are usually piled and burned.
After a few years, the drift problem should abate unless erosion clearing (see subchapter IIIA
section 3.2) was underestimated or not considered at all. |If storage for flood surcharge was
not provided for in the project design, no stranding will take place and drift removal will
have to be done when the reservoir i s low; this may require expensive physical removal of
mats of floating material in the water.

1.3.2.3 Control of plant growth

The band of invading vegetation which can be limited by controlled water recession rates
is largely destroyed during the reflooding phase of water level management. In temperate
zones, frost kills most of the annuals before the water is raised. The tolerant woody plants
mey present problems in the broad, flat and protected areas of the fluctuation zone. They
collect and contribute to floatage, retard wind and wave action, and diminish the antilarval
effect of water level management. Such woody plants should therefore be controlled by annual
hand cutting or mechanical sawing. An alternative method in some areas is to thin out such
plants in order to grow a stand of trees to provide shade (see section 4.3 below).

2. Strategies applied to irrigation schemes

2.1 Paradox of mosquito problems in arid lands

Irrigation is needed only to supply plants with water for consumptive use or evapotrans-—
piration. Evapotranspiration is the sum of two terms: (a) transpiration, or the water used
by the plant for growth processes, and (b) evaporation or the water evaporating from the soil,
the water surface or the surface of leaves. It is hard to generalize on water for consumptive
use because of the large number of variables involved, but the quantity required must be
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estimated for both "wet" and "dry" crops so that the engineering design is based on valid
irrigation water needs.

In many countries, irrigation is an art as old as civilization, but there i s evidence
of a reluctance to profit from past mistakes, which are many. n arid and semi-arid lands
the manipulation of irrigation water is a modern science. The engineer and agriculturist must
maintain suitable conditions of soil moisture for maximum crop yields by providing water to
the field in the amounts required at the proper time and for the necessary duration.

Generally, the arid land soils already possess most nutrient elements but, due to scanty
rainfall, they are apt to be saline. Irrigation water quality, as expressed by the total
dissolved solids, is an important factor in the accumulation of excessive salts in the soil.
The removal of salts through soil leaching is obtained by the application of excess irrigation
water. Inadequate waste water drainage i s a contributing factor that increases the leaching
requirement.

Failure to recognize these factors has spoilt usable land by "waterlogging”, injured
public health and resulted in the economic collapse of ancient as well as recent systems on
arid lands. Land conservation and mosquito breeding problems in these systems can be largely
prevented by sound water use and management techniques. In some malarious regions, well
organized large-scale irrigation systems are rare, and problems arise mainly in small systems
whose management is left to the farmers themselves. In Indonesia, for example, only 20% of
irrigated crops are produced in large engineering projects and 80%by simple diversions and
rainfall capture. Even public projects in some countries will reveal lapses such as:

(a) failure to study preirrigation factors needed for design; (b) failure to provide proper
conveyance and distribution facilities beyond public canals; (c) failure to prepare fields
for the application of irrigation; (d) general inadequacy of drainage; and (e) lack of
farmers' education and guidance on irrigation practice, water quantity and watering schedules.

The main cause of waterlogging and consequent mosquito breeding i s the excess use of free
and plentiful water. Wild flooding i s a crude means of applying water to the land without
dikes or furrows to guide the flow and ensure its uniform spread. It is a most inefficient
method and when the field is poorly prepared, it leaves permanent pools where mosquitos breed.

Where water i s scarce and costly to convey, excessive losses must be avoided. These
include losses during conveyance (from source to farm) and application to the root zone, and
losses due to inefficient consumption. The annual overall efficiency, i.e., the proportion
of the water diverted that i s actually used by the crop, is often poor as shown in Fig. IV-4
for a typically semiarid region. Long continuous runs of irrigation, i.e., long distance from
head to tail of field, are as undesirable as underirrigation and promote waterlogging.

A second cause of waterlogging and mosquito breeding i s the seepage from canals, laterals
and ditches. An effective way to prevent or reduce seepage losses is canal lining, which is
dealt with in detail in subchapter I11B, section 6.

A third cause of waterlogging and mosquito breeding on irrigated land is the natural
stratification of the soils in layers of pervious and impervious material. The application
of excess irrigation water cannot percolate downward and results in poorly drained areas.

A fourth cause i s the uncontrolled water flow from wells under artesian pressure. May
wells are never valved off. In some instances, a poorly sealed casing will leak artesian
water, forming seep areas that are difficult to correct.
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The history of irrigation shows that while some failures (waterlogging) may be due to
economic conditions or human behaviour and a few to lack of adequate engineering, most
failures have their origins in unfavourable conditions of water, soil and drainage. No method
can solve all the drainage problems; some simply call for improvement and maintenance of the
natural drainage, others require the construction of complete drainage systems. Drainage
methods are discussed in detail in subchapter I11D.

2.2 Elements of water control

In tropical areas, irrigation is used to augment natural rainfall and ensure the avail-
ability of water when needed. This is particularly true of wet crop cultivation where
irrigation systems allow more than one harvest per year. In a wam, humid climate, perennial
irrigation intensifies the threat of year-round anopheline breeding. For example, in the
coastal zone of Guyana the annual rainfall is 2 m, yet a vast system of sea defences and
irrigation channels has been developed to increase rice and sugar cane production. Consequent-
ly the production of An. darlingi went on without interruption all the year round in slow-
moving canals and flooded fallow fields. It is not surprising that malaria used to be endemic
before countrywide control operations were carried out.

2.2.1 lIrrigation by pumping

Under most conditions the initial cost of a gravity system of irrigationwill be less
than that of a system with wells and pumping plants. Where hydroelectric energy is plentiful
and cheap, however, a gravity system may prove to be twice as expensive as a pumping system i f
all the heavy costs of conveyance and maintenance are considered.

The diversion of irrigation water from multiuse reservoirs (via gravity conveyances of
canals, chutes, flumes and tunnels) restricts the utilization of the head or flow for other
purposes such as the generation of electric energy. When the irrigation needs are met largely
by pumping surface or ground water, much of the extensive conveyance system is eliminated, and
the storage water otherwise diverted can be fully utilized to produce hydroelectric power.

The amount of water available for irrigation is in no way diminished. Pumping, combined with
end of season gravity systems, gives better control with less waste and considerably less
vector breeding potential.

2.2.2 Groundwater recharge

Groundwater storage can hold far more water than surface reservoirs, yet it is not fully
utilized to hold flood water. Storage in groundwater reservoirs avoids loss by evaporation
and entails no mosquito breeding potential. In view of the enormous cost of a single purpose
irrigation storage reservoir, the utilization of underground storage i s often promising,
particularly where it is desirable to lower the groundwater level by pumping. Storage systems
are not useful if they are kept full or nearly full. Irrigation by pumping during the dry
season will provide the storage space for the wet period recharge. Water for recharging comes
from rivers or rivers diverted into canal systems. The water spreading is performed by basins,
furrows, flooding or by the use of pits, shafts and wells. Each method has its advantages and
disadvantages. In developing countries where multipurpose dams have been built, excess power
during off-peak and surplus power periods ney be used for water spreading for groundwater
recharging.

2.2.3 Preparing land for efficient irrigation

The objective of preparing land to receive water applied by surface flow is to grade the
land to a uniform slope in the direction of irrigation and remove the transverse slope as much
as possible. Land can be graded to no slope or flat grade for wet crop cultivation but for
large fields this presents drainage and mosquito breeding problems. The practice of land
filling and grading i s discussed in subchapter IIIF.
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3. Strategies applied to wet rice cultivation

Grains occupy about half of the world's croplands and rice is probably the most important
crop as it is an indispensable food for over half of the world's population. Although 91% of
the rice crop is grown in tropical Asia, rice can be cultivated in any warm climate provided
that the high consumptive use of 1.65 m of water per growth season can be met.

3.1 Monsoon rain or.provident irrigation

No single element plays a more decisive role in the |life of tropical Asia than the
monsoon rainfall pattern. The seasonal inundation of the flood plains, leaving a rich deposit
of mud, coupled with the warm humid climate, creates conditions ideal for the growth of rice.
While highly developed irrigation is coming into use in order to double crop production, the
almost universal practice i s the provident or natural accumulation of water during the rainy
season, with harvests restricted to one per year.

3.2 Labour-intensive or traditional Asian cultivation

Most rice paddies are small terraces with level benches and dikes to impound and store
water. The fields are ploughed at the beginning of the rainy season and puddled up to a fine
consistency for transplanting seedlings. The work is carried out by men and animal power.

About a month before the rainy season, the seedbed is planted. When the young shoots are
20 to 30 an long, they are pulled and transplanted to the prepared rice paddy. The goal then
is to maintain the paddy submerged in 2.5-10 an of water, but this is difficult to attain when

relying only on rainfall. About a week before harvest, the paddy is drained and the field
dried.

3.3 Malaria vector production in traditional cultivation

The traditional method of rice cultivation offers possibilities for the intensive
breeding of some species of anopheline mosquitos. At first the widely-spaced young plants
afford little protection to the eggs and larvae of anopheline mosquitos. As the plants, as
well as weeds,. grow and fill out, the spacing disappears and a larval habitat i s constituted.
When the height of the rice stalks reaches 60-75 am, there i s evidence that anopheline
mosquitos have difficulty in laying eggs on the water surface and the larval habitat is far
from being optimum. This is indicated by the observed reduction in the number of larvae in
the paddy during the later stage of rice growth. Following dewatering of the rice field for
harvest, the mosquito production terminates. During the period of natural flooding, two or
three significant peaks of anopheline production may be observed. Fig. IV-5 presents
confirmatory data, obtained from a study carried out in 1950 of malaria associated with rice
fields in the Western Pacific. Two crop harvests are made possible by the use of artesian
wells to irrigate the paddy prior to the rainy season. Note that the production of an
important malaria vector, An. minimus, i S not associated with the crop cycle but rather with
the beginning and end of the rainy seasons, Mgy and October, when the streams are no longer at
flood stages and become clear and cool with the margins covered with vegetation. The more
abundant vector An. sinensis breeds in ponded water and rice fields.

3.4 Energy-intensive or non-traditional cultivation

The actual yield of rice in the traditional Asian method of flooding is apt to be lower
than that obtained by non-Asian agricultural methods. This is because the former method
greatly relies on rain which may be short in some years, and generally does not use fertilizers
and pesticides. Sometimes considerable loss i s suffered during typhoon winds. The traditional
Asian rice yield ranges from 1500 to 2000 kg per hectare, while the energy-intensive methods
(making use of irrigation, fertilizers and pesticides) that are now practised in Japan, the
Republic of Korea and some other areas are able to produce yields that are the double of this
and compare with those obtained outside Asia.
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Fig. IV-5. Anopheline mosquito density associated with two-crop wet rice

cultivation in the Western Pacific. Dry season crop irrigated
with groundwater.

In contrast to the labour intensive methods of rice cultivation in which the seedlings
are transplanted by hand to the flooded and prepared field, a high degree of mechanization may
be employed. The fields are ploughed, disked and harrowed, and contour levees are formed
before the seed is drilled into the dry soil or spread over from the air. After seeding, the
rice can grow very much as any other grain, with only light irrigation to keep up soil
moisture if the rains fail. It has been experimentally determined that the highest yield of
rice is obtained when young rice plants are flooded after 30 days' growth and then kept sub-
merged in water 15-20 an deep until the rice matures. Then the water i s slowly drained so as
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not to weaken the straw. After the fields have been two weeks without water, the machines can
easily run on them for harvesting. The method of drilling seed has given way to aerial
spreading methods.

3.5 Malaria vector production in energy-intensive cultivation

In rice fields where seeding i s done by broadcast, mosquito production begins only after
the first flood on the 30-day-old rice seedlings. The depth of water on the elongated plants
is such that the protective cover for eggs and larvae is at a maximum. Consequently, the
first month of flooding results in high mosquito production and densities of more than 20
larvae per m2 have been reported. As the rice stalks lengthen, they tend to thin out at the
water line and the flexuous leafy portions are largely above the water surface. This results
in diminished mosquito breeding and limits larval development to open places in the field,
such as turnouts, scour holes and levee gates. The number of mosquito broods could be as high
as six but usually the first few produce sufficient densities for malaria transmission.
According to experience in the USA, one strategic draining applied at the proper time will
suffice to control disease transmission.

Agricultural technology is providing new varieties of rice which, in some instances,
require fewer days to mature and may permit an extra crop during the year. Where supplemental
water i s available, more standing water is left on the field and more vectors of public health

importance are produced. In addition, the resultant removal of the constraints of water
control will provide the farmer with flexibility in his planting and harvesting dates so that
all stages of rice growth are present in the area simultaneously. This will complicate vector

control (e.g., of mosquitos, snhails, or rats) by either environmental management or chemical
methods.

3.6 Intermittent irrigation and drainage

A water management scheme has been developed which replaces continuous submergence of
ricefields by a series of flooding and draining cycles. This provides excellent vector
mosquito control although it is primarily intended for the control of rice plant diseases.

An intermittent irrigation experiment® was carried out in south Portugal over 4 years,

from 1936 to 1939. The experimental area covered a total of 1.53 hectares; this was divided
into two plots of approximately equal area, intermittent irrigation being tried in one plot
while the other served for comparison purposes. The methods of irrigation, i.e., intermittent
versus continuous, were alternated in the two plots yearly. As the local vector,
An. atroparvus, takes at least 18 days to complete its development from the egg to the adult
stages during the warmest part of the summer under local conditions, a 17-day cycle was adop-
ted in the experiment, i.e., 10 days with water turned on and 7 days with fields drained and
water turned off. The rice variety planted was "Chinez".

It was found from the experiment that:
(a) The rice yield was usually higher with intermittent irrigation.

(b) A reduction of at least 80Z in the number of large larvae was obtained with intermittent
— irrigation.

(¢) Intermittent irrigation used less water in each parallel test run.
(d) Intermittent irrigation did not harm the qualities of rice.

(e) There was less weed and algae growth in fields under intermittent irrigation.

2 Hill.RB. & Cambournac. F.J.C. Intermittent irrigationin rice cultivation, and its

effect on yield, water consumption and Anopheles production. American journal of tropical
medicine. 21:123-144 (1941).
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Parallel with the principal experinent described above, trials of shorter durations were
conducted. Wiile results in these trials were generally in agreenment with those of the
princi pal experinent, the follow ng two najor findings were reported:

(a) !noneareawthsandy soil, theyieldwas less with intermttent irrigation during the
= two consecutive years of the trial.

(b) The yield conparison was nore variablew th other rice varieties.

Several trials of internmittent irrigation have been carried out in Chinain recent years
with generally promising results. Soil characteristics were again shown to be an i nportant
factor affecting the applicability of the nethod. In China, the wet-and-dry cycl e was opera-
ted by applyingwater to the fields once in a given nunber of days and letting it dry up
naturally. This greatly sinplified the intermttent irrigation practice and elininated any
possi bl e wast age of water through drai nage.

Intermttent irrigation may prove to be an effective nethod for the control of vector
nosquitos inricefields and shoul d be given due consideration. Its success depends on how
carefully the relevant factors are studied and the operations planned. Wen pl anni ng,
consi deration shoul d be given to soil texture, irrigationnethods and facilities, water avail -
ability, variety of rice, the agricultural practices including fertilizer requirenents,
speci es of mosquito vectors breedingin the ricefields and their role in the di sease trans-
mssion, etc. Field trials nmust therefore be carried out in close collaborationw th the
agricultural authorities to establish the applicability of the nethod under |ocal conditions.
These trials will also denonstrate the useful ness of internmittent irrigationfor purposes
other than vector nmosquito control, so that the rank and file farmers will nake it a standard
practi ce.

There are genera of pest nosquitos(such as Psorophora) which seek the drained fields for
deposi ting | arge nunbers of eggs on the soil. Reflooding nay be foll owed by the hatching out
of heavy popul ations of fiercely biting nosquitos where this species is present. The potential
probl emof pest nosquitos should be borne in mnd when considering internmittent irrigation for
vect or nmosquito control .

3.7 CGher nethods of control

It has been variously reported that ricefield nosquito control nay be acconplished by
i ntroduci ng I arvivorous fish or by routine application of larvicides to incomng irrigation
water or to the field surface to be fl ooded. These neasures have val ue but are tenporary,
repetitive, and expensive in the long run.

A nethod of restricting nalaria transmssion inrice-growingareas by "dry belting"
villages is described in Chapter V, section 4.

4. Strategies applied to the control of vegetationin nosquito breeding habitats

4.1 Relationshipof plants to nosquito breeding

Inreservoirs and natural ponds, three najor groups of littoral herbs are found— terres-
trial, wetland, and aquatic. Terrestrial herbs are those typically growing inrelatively dry
soil and usually unable to survive a nonth of partial but continuous inundation during the
growi ng period. Wetland herbs are those typically growing in soil which is saturated during
the maj or portion of the grow ng period and are usually not adversely affected by parti al
i nundati on throughout that period. Aquatic herbs are those growing in soil covered with water,
whose devel oprent is inhibited by extended periods of dewatering during the grow ng period.




4.1.1 The "intersection value" concept

In section 1.3 of this Chapter, water level management in impounded water was discussed
as a strategy for the destruction of mosquito larvae, but a second and even more important
effect is the stranding of floatage and inhibition of marginal plants which provide the essen-
tial aquatic environment for eggs and larvae. The strategy consists in altering the environ-
ment in a way which, while not actually killing eggs and larvae, exposes them to the play of
natural processes and to predators such as fish, beetles, and dragon fly naiads.

The "intersection value" concept has generally been accepted as an index of the suit-
ability of a habitat for the breeding of An. quadrimaculatus. It is based on the fact that
the perimeter of a floating mass of leaves and debris has a major effect on the development
of mosquito larvae to adulthood.

The "intersection value" is defined as the length in meters of intersection (floatage-air-
water) at the plant interface per m2 of water surface. For example, if twelve lily pads,
20 an i n diameter, float on one m2 of water surface, the intersection value i s calculated to
be:

E—z—ai“—s— xmx0.20m = 7.54 92 (or m 1)

m m

which characterizes the floating leaf as a poor breeding habitat for anopheles mosquitos. If
the number of pads i s small, the larvae in an array around the floating leaf are easy prey.

If the number of pads per mé is large, the entire surface of the water may be largely unavail -
able for mosquito production and the intersection value i s extremely small because the length
of the plant interface i s largely reduced by overlapping leaves (see Fig. 1V-6). The serious-
ness of the floating leaf type of aquatic plant liesin its ability to colonize large areas of
relatively deep water, thereby offsetting the low intersection value by the large surface
available for producing mosquitos.

It i s necessary also to investigate the importance of the intersection value for other
malaria vectors which, unlike An. quadrimaculatus, breed in fresh water pools, brackish
marshes, or streams. An. minimus, an important vector in Asia, i s a stream-breeding species
which is also found in irrigation channels and ditches. The season of peak breeding is at the
beginning and end of the rainy season when each habitat has a peak intersection value. In
Malaysia, Assam and elsewhere, the clearing of small ravine streams of trees and vegetation
(thus exposing the water to sunlight) results in an increase of An. minimus and epidemic
malaria. The sunlight encourages semiaquatic growth which impedes the natural swift flow of
hill streams and protects the mosquito larvae from predators. The intersection value is very
much higher than in deep shade conditions. The role of automatic flushing of such areas in
lowering the intersection value is discussed in section 5 below.

4.1.2 Specific plant-mosquito relationships

In a few specialized situations, the presence or absence of a malaria vector depends upon
the existence of a particular type of plant. The natural cavities of epiphytic bromeliads are
the exclusive breeding place for the Kerteszia group, including An. bellator in South America
and the Caribbean. Other cavities such as coconut husks and shells, cut bamboo and the axils
of leaves of banana and hemp are associated with mosquito breeding. The genus Mansonia, which
i s responsible for rural filariasis in certain parts of Asia, is almost completely dependent
upon the presence of a specific plant. The breathing tube or siphon of Mansonia, unlike those
of most mosquito larvae, pierce the air-carrying tissues of certain aquatic plants instead of
the water surface.
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Fig. IV-6. Illustration of the "intersection value" concept.
The "intersection value" increases with the number of lily pads
until it is maximum when the surface is filled without overlapping;

with further increase in the number of pads, overlapping i s produced
and the intersection value decreases until the whole surface is
completely covered with lily pads and the intersection value becomes
zero.

A good example of selective plant strategy is the control of "bromeliad malaria™ in
Trinidad. The cacao plantations were interplanted with "immortelle™ trees (Erythrina) to
provide shade. An invasion of forest bromeliads plagued the shade trees and allowed the
breeding of large numbers of malaria vectors. The control strategy was to destroy all the
bromeliads within mosquito flight range of the villages, by hand removal, chemical herbicidal
spray, or selective clearing of shade trees. Chemical methods were effective, but in the long
run the best solutions were to plant shade trees, such as eucalyptus, which do not support the
growth of bromeliads, or else plant the cacao trees close together to provide their owmn shade.

4.1.3 Plants which allegedly inhibit mosquito breeding

A notable group of so-called antilarval plants includes the muskgrasses (Chara and
Nitella spp.) , floating-leaf watershields (Brasenia) and bladderworts (Utricularia), The
first two are rooted submerged types which allegedly give off chemicals to the water while the
bladderwort i s a carnivorous plant which is able to trap larvae into bladder-like structures.
The low intersection value of both of the submerged plants would not suggest heavy anopheline
breeding in the first instance. Even if they are truly antilarval, it is questionable whether




- 138 -

sufficiently heavy stands can be established when they are needed. These types do not thrive
where anopheline breeding is heaviest, namely, shallow areas with vegetation that i s flexuous,
emergent or in floating mats. They prefer clear water, exposed to the sun and of too great a
depth for rooted emergent plants.

The floating leaf has a low intersection value and can, in some instances, cover the
entire water surface. The watershield pads actually overlap like shingles on a roof and, in
addition, the wetted parts have a gelatinous film that is unattractive to larvae. The duck-
weeds Lemna, Wolffia and Spirodela also form dense mats which completely cover the water
surface so that mosquito breeding is minimal. Field observations, however, show that thick
pleuston (i.e., small but macroscopic organisms |ike duckweed) will cover the surface of the
deeper water of the pond which ordinarily would not have mosquito breeding. Considerably more
and more reliable data are needed on the usefulness of promoting new plant types since no one
can predict the outcome in the event the introduced plants "take over” the environment. With
only partial coverage, the lily pad or duckweed "lid on the pot" concept might become a
regrettable misapplication of natural principles. That it i s dangerous to generalize i s shown
by the fact that high densities of An. sacharovi in Turkey have been associated with Chara, a
plant claimed to inhibit mosquito breeding elsewhere.

4.2 Water manipulated as herbicide

4.2.1 Required scientific information

The most serious plant invasions of reservoirs and lakes are caused by wetland and
aquatic plants that give high intersection values or those that extend the area of mosquito
production either because they grow in deep water or because they have an extraordinarily
rapid spread. The control strategy will depend on whether the plant is native or introduced.
Native plants seldom give rise to explosive colonization because of existing natural factors.
On impounded water it i s possible to discover dangerous imported species before they spread
too far. In the absence of the necessary scientific information, unsuitable treatment may
aggravate and extend the problem. There are numerous examples of this.

To develop a strategy of plant control by natural techniques, a minimum of knowledge must
be obtained on the following:

(a) The natural distribution of the species.
(b) The intersection value or anopheline breeding potential.

(¢) The optimum habitat. Information is required on the plant's habitat, including the kind
of water, whether fresh or brackish, depth of water, preference for shade or sunlight,
bed characteristics, and resistance to wave wash.

(d) Reproductive dispersal and migration potentials. In some plants, such as the water
hyacinth (Eichhornia crassipes), the propagation i s asexual by offsets of small new plants.
When small plants are broken away from the main colony, each can start a new colony until
bank-to-bank invasion i s complete. |t has been observed that a single plant of
E. crassipes can give rise to 3000 plants in 50 days.

(e) Previous control experience. Previous control methods mey include mechanical removal and

" crushing, use as fodder for animals, or the use of herbicides. It is important to know
the role of seeds, the possible effects on the plant of water manipulation, and whether
the plant has any natural enemies.
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4.2.2 Seed eernination

Al nost all seeds of the woody plant species involved in nosquito breeding habitats,

i ncl udi ng those of aquatic trees such as cypress, nmust be stranded or dewatered before gerni-
nation takes place. This is a feasible control mechani smsince the seeds float and can be
stranded where their growth woul d not be objectionabl e or where conmpetition from existing
speci es woul d shade out the seedling. |If the seeding time is known, a strategy of water
management or other control technique can be devised. It is thus possible to keep willow
seedlings in a narrow band high in the fluctuation zone of controlled water resource projects.

Al nmost all seeds of annual terrestrials can germnate only when dewatered. The nainten-
ance of a flood stage as long as possible wll guarantee cl eaner water surfaces when natural
or artificial recessions occur.

Many wetland plants require dewatering for successful establishment. This would include
Echi nochl oa, Pol ygonum FEragrostis, Cyperus and Ammanni a, and prol onged i nundati on can nanage
speci es belonging to these genera. The viability of the water-stored seed, however, can be
quite long, up to 70 years in one reported instance.

Unli ke the seeds of terrestrials and wetland plants, those of true aquatics showa great
diversity in gernmination. Some may require dewatering, others germinate on the water surface
and strand, or soon settle to the inundated bottom Therefore, the effect of water |evel
managenment on germnation varies according to the particular plant. Tenporary flooding, for
exanpl e, has no effect on the germnation of seeds of |otus (Nelunbo) but prevents the devel op-
ment of smartweed (Pol ygonun) and favours the gernination of spatterdock (Nuphar). Tenporary
dewat ering of seeded areas, while not affecting the seeds of |otus, prevents the gernination
of pondweed (Pot anogeton) and pronotes the devel opnent of wild nillet seeds (Echinochloa).

4.2.3 \Vegetative nethods of reproduction

Many aquatic species do not rely on seeding, but spread fromrootstock, runners, or
stolons, or by fragnentation. The stunps of woody plants do not sprout when under water.
When dewatered, the ability to sprout will depend on the water tolerance of the given speci es.
Ad stunps will not sprout as well as young stunps of the sanme species. As a general rule,
woody and terrestrial herbs are destroyed by prolonged flooding and are injured by short
periods of inundati on.

Aguatic herbs survive continuous flooding for periods and at depths that are linted for
each species. Lotus, for exanple, can be "drowned" by rapid flooding in 12 days, whereas root
stocks are not affected by depths up to 25 m Dewatering of perennating structures has no
effect on wool grass (cirpus), but hol ds back pondweed (Potambgeton) and pronotes the sprouting
of mai den cane (Panicum).

4.3 Practical application

4.3.1 Shading by tree planting

Early workers in nalaria control believed that shade was inportant in limting anopheline
nosqui to production. Shall owwaters exposed to direct sunlight have a nore abundant growth of
ermergent and mcroscopi ¢ plants, thus providing necessary food and protection for nosquito
larvae. The larvae of a few anopheline species (such as unbrosus, punctimacul a and

| eucosphyrus) prefer the deeply shaded areas, but those of the more inportant vectors of

mal aria prefer sone sunlight. Shading by tree planting has been denonstrated to be useful in
the control of anopheline species such as ganbi ae, funestus, quadrinacul atus, fluviatilis,
minimus, and sundai cus. Some experinental denonstrations of the nmethod have proved successful .
It was thought that selective preparatory clearing could | eave stands of water-tol erant trees
such as bald cypress (Taxodi um distichun) and tupel o gum (Nyssa aquatica) in shallowwaters

of inmpoundnent sites, but it was found that these species were "drowned'" on fl oodi ng and
failed to survive. 1In southeastern USA it was shown, however, that the transplantation of
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nursery seedlings of these same species into shallow water sites in reservoirs, despite a
difficult initial growth period of 2-3 years, eventually succeeded in obtaining a measure of
mosquito control through shading.

In 1967 and 1968, some 32 years after planting, the control of anopheline breeding in
these tree plantations was evaluated by examining larval density within and outside the
artificially shaded areas. The results were as follows:

Area Dips taken Total anopheline No. /100 dips
Shaded 3085 95 3
Open 1680 308 18

In addition to the planting of seedlings, shading of stream banks has been provided with
cuttings of the thorny Duranta sp. in Assam. Species of Eucalyptus, Ficus and Terminalia have
been used for shade purposes throughout the tropical world. Willow (Salix) and cottonwood
(Populus) are commonly employed in waterlogged areas of irrigation systems. Tree planting on
irrigation canal banks should be avoided, however.

4.3.2 Artificial flooding

Artificial flooding, even to a depth of 30-40 an for a period of one month, i s unable to
kill the seedlings of marginal plants once they have attained some elongation, except in very
few cases. The exceptions are ragweed, (Ambrosia), cocklebur (Xanthium), goldenrod (Solidago),
crabgrass (Digitaria), and other herbs which follow the receding water. The aim of vegetation
control by flooding is to keep the seeds and perennating structures under water to prevent
germination or sprouting before natural recession begins. When flooding completely covers the
margin so that no plant extends above the surface, drowning takes place in a few weeks for
most annual species. The seeds, rootstock and floating stems are thus prevented from renewing
colonies. The depth and duration of flooding is variable for different plants. Almost all
are killed by inundation for one growing season (about 200 days), but some aquatics such as
lotus can be destroyed in as short a time as 2 weeks. The difficulty is that deep flooding of
natural areas i s usually not of sufficient duration to control more than a few plants. In
impounding reservoirs in tropical countries it is likely that all rooted aquatics and almost
all annual plants can be controlled by the wide progression of pool levels as the annual flood
waters are collected.

4.3.3 Cutting and flooding

In ponds and canals where great depths of inundation are not obtainable even during flood
periods, it is a useful practice to cut the plant and submerge the rootstock, instead of
shallow flooding the entire plant. The plants that respond especially well to this cut and
flood treatment are mainly monocots and include rush (Juncus), giant cutgrass (Zizaniopsis),
woolgrass (Scirpus), and cattail (Typha). These plants must be cut during the growing season,
preferably before seeds have developed. About one week of continuous shallow flooding of cut
stubble will give excellent control. Cutting is facilitated by low water levels. Narrow
inlets to ponds and sloughs can be used for plant control by erecting temporary dams for
impounding water over the stubble.

4.3.4 Recurrent cutting

The theory of recurrent or repeated cutting of a plant for control i s based on the fact
that the ability to send out perennating structure is limited. Hibiscus and cattail can be
controlled without flooding by cutting the plant two to three times during the growing season.
After each cutting the number of resprouts will be markedly diminished. Deep water floating
leaf aquatics such as lotus, water lily, and water chestnut (Trapa) are cut in standing water.
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Repetitive cutting of the food-producing structures (leaves) will deplete the food reserve in
the rootstock. The depth and turbidity of the water is a factor. Nav colonies of lotus, for
example, can be controlled by one or two cuttings in relatively turbid water 1 m deep. Small
areas may be controlled by hand snapping of the petioles. For larger colonies, underwater
mowing machines (designed for this purpose) may be employed. These floating units can cut

1 to 2 hectares per day provided that the water is at least 0.5 m deep and there are no stumps
and snags.

4.3.5 Special mechanical methods

May aquatic plants are spread by fragments which break off from the parent plant, float
to a new location, and take root. Some plants of this type are alligator weed (Alternanthera),
water primrose (Jussiaea), and Eurasian milfoil (Myriophyllum). Attempts to control such
plants by mechanical raking, rolling and crushing may defeat their purpose by producing
hundreds of small reproductive fragments. Mats of floating water hyacinth and alligator weed
have to be mechanically removed and deposited above the water line. Most of the hyacinth will
die but alligator weed roots near the waterline will resprout. These procedures are only
temporary and expensive means of keeping navigation channels open.

Cutting or grubbing below the root crown is an effective method for eliminating woody
plants such as willow and buttonball, which do not resprout from the roots. Willow propagation
is by seed and by branch cuttings, but not from stumps or stubble cut below the root crowns.
Mowing down or hand cutting of willow above the root crown increases growth since multiple
sprouts are produced from each stem cut. Onre blow of the axe delivered by a trained worker
below the ground line will permanently eliminate the plant. The technique is applicable when
thinning out the willow thickets used to produce marginal shading for mosquito control
purposes (see section 4.3.1).

4.3.6 Dewatering of aquatic species

Although, as mentioned in section 4.2.2 above, the dewatering of many marginal plants
promotes seed germination and resprouting, it is an effective means of controlling certain of
them. True aquatic species are often killed or damaged by dewatering. This is especially
true in the temperate zone where dewatered plants may be subjected to freezing weather. Water
primrose which, unlike alligator weed, does not sprout from the roots may be effectively
controlled by dewatering in the winter season. Where wide ranges of drawdown are part of the
annual cycle, the rooted floating mat type of plant should present no major problem. These
rooted plants cannot sprout if at a depth of 1 m and do not thrive on dry land above the water-
line. The cycle of wide recession will thus control most mosquito breeding i n marginal
vegetation. Reservoirs in tropical countries which operate at nearly constant level all year
round may have no alternative to using chemical measures to control such breeding.

An unfavourable habitat may be created for other than the rooted floating mat aquatic
species by deepening and filling techniques, which may aid in mosquito control in pools of
nearly constant level. The cut zone is too deep for the aquatic species and the shoreline too
steep to give any sizeable area of mosquito production. Therefore, the depth of water
tolerance is one of the most important plant characteristics to be considered in efforts to
control aquatic plants. This technique of topographic alteration by filling and deepening
(see subchapter I11A) is particularly useful for fish ponds and sewage lagoons.

5. Stream flushing

5.1 Antimosquito action

Some of the important vectors of malaria in tropical Asia are fluvial or stream-breeding
anophelines. The intensely domestic vector An. minimus prefers the edges of gently moving,
clean, clear water streams. |Its ideal habitat is found in small streams after the heavy rains
have terminated, when the relatively low flow i s largely cool clear ground water with grassy
margins. The larvae have difficulty staying in the desired habitat if the velocity exceeds

L
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8-10 cm/sec. This is one reason why a large river with considerable natural water fluctua-
tions and deep shaded margins i s less favourable to mosquito breeding than small streams are.
Significant tropical stream-breeding vectors include the anopheline species minimus
flavirostris, fluviatilis, maculatus, superpictus, varuna, pseudopunctipennis and sergenti.

It is well established that little mosquito breeding is found in any stream, big or
small, that has widely fluctuating water levels with occasional overflowing of the banks. A
swift, muddy, turbulent flow, devoid of emergent vegetation, is not an ideal larval habitat.
The larvae of only a few hardy fluvial mosquitos can hold onto overhanging vegetation or
remain i n eddy places long enough to complete a life cycle in such conditions. Adult mosquito
populations do not increase in geometric progression until after the peak rainfall has passed.

When a sudden flush of stored water i s released into the breeding stream channel, and
this is repeated periodically, the larval habitat is altered in several ways. These short
periods of increased water velocity may (a) dislodge and expose larvae and eggs; (b) stir up
the bottom sediments which may bury mosquito instars; (c) produce a wave-front water fluctua-
tion cycle which assists in dislodging and perhaps stranding larvae; and (d) check the
invasion of the marginal vegetation that reduces stream velocity and provides protection for
larvae. The literature suggests that mechanical force i s the major antilarval action but
turbulence i s observed only in the zone immediately downstream of the point of flush water
release. The inhibition of plant invasion seems to be the most observable antilarval mechanism
produced by periodic flushing. The well flushed stream does not have any good places in which
to "dip for larvae".

5.2 Dry streambed breeders

The larvae of a number of anopheline species such as culicifacies, albimanus, pattoni,
and argyritarsis are found concentrated in the pools of drying stream beds. These are, for
the most part, true lacustrine species and it is doubtful whether the technique of periodic
flushing, even if practicable, would provide adequate control. As the dry stream bed usually
still contains a long series of ground depressions filled with water, each flush would requirt
considerable volumes of water, thus making a great demand on the storage reservoir which might
well exceed the available inflow. The conclusion is that, for any considerable number of
breeding pools, such as might be found in wide river beds, sluicing would not be massive
enough to destroy the larvae. The possible exception would be the use of large-head water
storage reservoirs designed for other purposes than mosquito control. Recently in Sri Lanka
the emergency release of water from such a reservoir was considered necessary in malaria
control operations.

5.3 Rational design of flushing

5.3.1 Inflow at peak breeding

It has been observed that to have a well flushed stream, flushing should start at the
beginning of the breeding season with a cycle as short as one flush per hour and should end
when the stream i s drying up with only one flush per week or longer. It is mandatory that at
least one or two flushes per day be provided at the time of peak mosquito production. When
the inflow into the storage reservoir is insufficient to compensate for the outflow required
for one or two flushes per day, it will be difficult to distinguish any difference in habitat
and larval densities between flushed and unflushed streams. This demonstrates the relation-
ship between the stream inflow at the time of peak mosquito production and the hydraulic
design of the flush cycles. |If these elements are not balanced, the scheme will fail.

In Fig. IV-7, the relationship i s given between rainfall, runoff and the production of
adult mosquitos of the vector An. minimus flavirostris. The adult catches throughout the year
are monthly averages per trap, which was baited with a carabao ten hours per week. The
relationship shown i s typical for fluvial vectors with a peak number of adults after the rains
have ceased and when the recharged groundwater level provides a near constant stream flow of
clear water. In this situation, the inflow for flushing design is taken to be about 0.11 1/s
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per hectare of drainage area. In some tropical areas where the termination of rain is less
sharp, twice as much inflow may be appropriate.
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Fig. IV-7. Relationship of wet/dry tropical rainfall and runoff pattern
on the production of An minimus flavirostris, the fluvial
malaria vector of the Philippines.

5.3.2 Automatic versus manual flushing

May experienced workers prefer the manual sluice gate which i s simple and easy to main-
tain. Automatic devices, whether self-priming siphons or tipping buckets, are not easy to
design, construct or maintain properly. Even the simpler automatic devices require frequent
visits by field people to ensure proper operation during the critical breeding season. As
that period approaches, siphons must be carefully checked, silt gates closed, any leaks in the
crown repaired, and blockages cleared in the priming vents. Floatage in the reservoir must be
removed.

The disadvantage of the manual sluice i s that more than two flushes per day may be
difficult to operate every day throughout the breeding season if many sites are involved and
manpower i s limited. For example, one village required the operation of 13 sluice gates to
provide protection in the area within the 1.6 kn mosquito flight range.

I_-I_I_—-A
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Automatic devices working day and night are best for altering the stream habitat and
controlling mosquito breeding. When stream flows abate, a series of dams on a single stream
can provide successive flushes using the same flushing volume in turn with limited waste.

5.3.3 Downstream distance of control

Until recent work in evaluating the design and performance of many existing siphons in
the Philippines, no significant body of knowledge on flush design was available. The control
of fluvial vectors by flushing was accomplished by trial and error. Various investigators
determined the flush discharge not so much on the inflow at time of peak breeding, but rather
on a critical velocity for larvae control, v, of at least 0.44 m/s. Thus, the discharge rate
(Q in m3/s = cross-section area of stream (m2) x designed velocity (V = 0.44 m/s). The
distance of larvae control in metres downstream could be estimated to be:

Storage volume/flush (m3)

Control length (m)
Ccross-section area (m2)

Since the stream cross-section area (width x average depth) is fixed, the downstream
control length varies directly with the storage volume available. As might be expected, field
observations made during the passage of a flush in a stream revealed a wide variation in
velocity as the rush of water traversed pools and shoals downstream. The estimate of effective
distance (h)of antilarval flush derived from the field observation of 13 different instal-
lations is
Qmax RE

w2 SO.S

Dm = 213

where Qmax = maximum discharge (m3/s)

V = storage volume per flush (m3)

i

average width of flushed stream (m)

average slope of flushed stream (%)

A comparison of estimates obtained from the above empirical formula and the computation
of the ratio, storage volume/stream cross-section, gives fairly good agreement considering the
rough approximation of the elements employed in the calculation. The greatest disagreement
is for the wide streams with slight gradients, where the average depth i s most difficult to
determine.

5.3.4 Automatic self-priming siphons

The advantage of the automatic siphon for antimosquito flushing lies in the self-
initiating and self- arresting features which give the repeated environmental disturbance that
inhibits the establishment of an ideal larval habitat. Fig. IV-8 shows two basic types of

self-priming siphons. In both, the reservoir water level rises as the inflow i s stored until
it reaches the lip of the upper limb and seals the siphon. The sealing basin holds air within
the siphon and the priming cycle begins. In the MacDonald scheme, the water reaches the level

of the auxiliary pipe and escapes through it, ejecting air from the crown and creating a
partial vacuum. As the ejection of air continues, the vacuum within the siphon increases so
that when water spills over the crest, full prime and discharge starts without excessive loss
of water. The Legwen-Howard type wastes no water in priming. Contrary to the vacuum
principle of the previous type, priming i s effected when the air sealed in the siphon is
compressed by the rising water levels. This is possible because of a rather deep sealing
basin.
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The priming time i n minutes has been determined for prototypes and laboratory models of
the MacDonald siphon. In the field, it is not possible to prime it if the inflow (q) is less
than 0.7 1/sec. In this respect, the Legwen-Howard type has an advantage. The estimate of
priming time (tp) is obtained from the following formula:

Kv
tp = _E._—.__
60(q-0.7)
where tp = priming time (min)
Va = volume of entrapped air (1)
q = inflow (1/s)
K = air removal efficiency (25 for the MacDonald siphon)

It may be seen that the priming time varies directly with the size of the siphon and inversely
with the inflow. By rearrangement of the priming time formula, the size of the siphon for a
maximum 60-minute prime is found to be as follows:

. 2 3.60 (q-0.7)
Siphon area (m™) K(0.91+0)
where h = difference of water elevations at the entrance and

exit of the siphon (m)

When a standard cross-section i s developed, several siphons placed side by side and at
precisely the same level can be used to give the required discharge head. For existing
siphons, the discharge coefficients range from 0.4 to 0.2 because air is not entirely removed
from the crown. Smooth curves are expensive to form and give little improvement in discharge
characteristics over cheap square corner designs.

As the fluvial vectors breed mainly in the monsoon zones, dams must be so designed and
built as to ensure protection from flood damage. Silt gates must be open during floods and
sites carefully selected for good foundations. Fig. IV-9 gives structural details of a dam
and siphon design.

HYDRAULIC NOMENCL ATURE l"_"_ Eftactive Distonce {0) r—m———————{

inflow {q)

Reservorr X

Valume {V)

Siphon 0780~ {0}

PROFlLEM%ﬁ%

Fig. 1IV-9. Design of dan and siphon for intermittent flushing.
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5.3.5 Design procedure and exanpl e

The minimumdata for a prelimnary design of a streamflushing systeminclude the profile
and width of the portion of the streamthat is less than 1.6 km(nosquito flight range) from
the village to be protected. The drainage area contributing to the fl ow nust be estinated
frommaps or in the field. The location of the first damand siphon is fixed at about 1.6 km
upstreamfromthe village. The practical maxi numand m ni mumdi scharge heads are det er m ned
so as to | eave some dead storage in the reservoir for fish or other purposes and ensure that
the pool will not overflow

After the storage volune and the area of cross section for the siphon have been cal cul a-
ted and estimated, the assurance of flush cycles at the design inflowis examned. The
m ni mum si phon di scharge in order to ensure interruption nust be checked to conformwith the
requi r enent Oni N7 29.

The location of the next damdownstreamis determned by the effective flush distance
(540 mfromdam1 in the exanple). In this step-by-step design, siphon sites are added until
the reach within flight range has been covered by antinosquito flushing. It is convenient to
present the calculations in tabular form as illustrated in Table IV-1.

6. Coastal floodi ng and i npoundi ng

The principles of deep or shallowfloodi ng have al ready been described as el ements of
wat er managenent on i npoundnents or on flowi ng streans. The general subject of aquatic plant
nanagenent was di scussed in section 4 above and the sane techni ques apply to a certain extent
to the marine water environment. This sectionwll deal with the control of brackish coastal
nmar sh anophel i ne vectors. These species include sundaicus in Asia, nelas and nerus in Africa,
| abranchi ae, atroparvus and sacharovi in the Mediterranean, and al bi manus, aquasalis and
grabhami in the Arericas. None of these species can develop in the salinity of the open
sea; they find their breeding habitat in |andl ocked narshes and swanps whose natural connexion
with the sea has been cl osed by wave action.

It is difficult to generalize on the pattern and range of tides throughout the tropical
coastal islands and continents. The difference between the high and Iow levels of a tidal
cycle can be as much as several netres or as little as 0.5 m(or even less). A strong tide
will alnost dewater a well drained salt marsh bel ow the vegetation line. Aweak tide will
produce nuch | ess difference in ecol ogy between high and | ow points.

6.1 Open narsh wat er nanagenent

In the Lhited Sates and el sewhere, a high degree of natural salt narsh nanagenent has
been devel oped for beneficial purposes including nosquito control. No malaria nosquito
probl emexi sts, but the salt marsh Aedes nosquitos create a very difficult problem The
peculiarity of this group of nmosquitos is that they deposit eggs on the moist earth in
depressions close to the high point of the tides. The eggs can renain viable for several
months. The eggs are hatched when rain storns or high tides flood the area. There is
essentially no breeding in the | ower marsh el evations and the nosquitos all breed at the
ecol ogi cal contour as defined by salt hay (Spartina patens) and reeds (Phragmites). Generally,
the strategy is to restore the tidewater fluctuation to all isolated pools and depressions.
Mosquito control consists of flushing the | arvae fromprotective cover, stranding them
altering vegetation, and destroying | arvae by exposing themto predators or to the circul ation
of raw cold sea water. The open narsh managenent techni ques that are adequate for Aedes
control will be nore than adequate to reduce Anophel es breedi ng.

The practice of diking, draining and excluding the tidal action on salt marshes (see sub-
chapter IIIE section 4.1.1) is not recormended when there is a risk that the entire narsh
area will be invaded by salt hay and other sem aquatic species, resulting in heavy production
of nmosquitos in rainwater pools and depressions. Restoration of tides into the marsh will
"drown out" the undesirabl e narsh grasses and reestablish themat the top of the high tide

li
|
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zone where larvae may be controlled.

Table IV-1. Sample calculations for suggested design procedure."

- Item Dam 1 Dam 2 Dam 3
1. Data:
Siphon discharge heed—ft.—h 4.0 5.0 6.0
Siphon minimum head—ft.—h4 0.5 1.0 1.0
Drainage area to siphon—sq. mi. 0.1 0.3 0.6
Stream slope at res. ste—-%--a 0.02 0.015 0.008
Stream width at res. site—f{t.—b 3.0 4.0 8.0
Downstream slope—ft./100 ft.—s 20 1.0 0.5
Downstream width—ft.—-W 3.0 50 8.0
2. Volume per flush (V)
HThH
V, = % cu. ft. 2,800 7,500 32,400
2
V =V, = % cu. ft. 2,756 7,200 30,900
3. Inflow (@
30 mi. X =2 X 60 cfm. 6.0 18.0 36.0
SQ. mi.
4. Siphon cross section (a)
60{g — 1.5)
= — . ft. . 4.95 R
a BG IR sq. ft 1.54 95 9.3
5. Siphon discharge Q
Q =04aV2h cfas. 9.9 355 720
h
Qv =03a \/2g§ c.f.s. 5.2 18.9 38.6
Qmie = 0.2a ¥ 2ghy c.f.s. 1.7 7.9 149
6. Filling time V/q nan. 460 400 860
Priming time 60 min. 60 60 60
Discharge time min. 9 6 13
aver
Total timed cycle 529 466 933
1440
Cycles/d - . . 1.5
yeles/day totnl time 27 31
7. Effectivedistance-D ft.
3 meV
D = 180 o 1,800 3,100 5,200
*
This is an illustrative example of a design procedure; it is

irrelevant whether the results are in English or metric units.
The figures given are of value as examples only.

Another application of open marsh strategies where the topography is flat is to deepen
the marsh by excavating a clean-edged pond to a depth below the low tide level. This will
exclude emergent vegetation from the area formerly covered by a series of small grassy pools,
which is difficult to drain. All ditches and excavated ponds are connected so that their
level fluctuates with the tides. Although anopheline mosquitos lay their eggs on the water
surface, the larvae must have emergent vegetation and floatage for food and protection. AS
in the water level management of impounded water, the tidal cycle of ebb and flow keeps the
vegetation zones in natural order, and strands the drift and floatage at the high water mark.
The grass-like aquatics of high intersection value will be dewatered at low tide. Some minor

problems may arise from the improper construction of spoil banks with material dug out from
ditches and ponds.
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6.2 Artificial inundation

A marsh can be permanently flooded at a high level, although below the spring tide level,

and maintained by dikes and spillways at a constant pool elevation. This procedure of impound-

ment eliminates suitable places for ground ovipositing Aedes species, but will not prevent the
Anopheles from ovipositing on water along the vegetated margins of the pool. It is important
to maintain some seawater circulation when the marsh is used for water fowl and wildlife
breeding. This i s accomplished by letting in the spring tide through spillways set in the
dikes enclosing the marsh. The constant level feature of this management i s not desirable
for control of malaria vectors.

Fresh water swamps may be inundated by damming the outlets, thereby eliminating the
original breeding area. Artificial impoundments for water fowl breeding have flooded out the
breeding areas of anopheles but where no preparation or water |evel management was done, it
merely resulted in shifting the problem from one area to another. Proposals of this nature
should be examined in advance by health agencies to ensure that problems along the new shore-
line are controlled.

7. Chemical and physical alteration

7.1 Desalination

As was stated in section 6 above, several vectors of malaria prefer brackish water and
several (including Anopheles albimanus) are able to breed in fresh water as well as in salt
marshes. Desalination, therefore, should not be undertaken when the brackish water species
will also breed well in fresh water. In some instances, the local freshwater vector is more
dangerous than the salt-water species. The replacement of An. melas with the fresh water
An. gambiae, which tolerates some salinity, will not represent any gain in the control of
malaria. This also applies to certain culicine mosquitos.

In coastal areas, salt marshes are often reclaimed for agricultural purposes. This can
be done only where an abundance of fresh water is available for wet crop irrigation and for
leaching and flushing the excess salts from the soil. In Guyana, sea defences and an irriga-
tion system were built for growing cane and rice. The water resources scheme was highly
developed with navigation locks and canals, and hydroelectric power for pumped drainage.
Unfortunately, the resulting desalination led to the disappearance of the weak vector
An._aquasalis and the propagation of the strong vector An_darlingi, a fresh water breeder.
The resulting effect on malaria transmission i s shown in the following table:

Coastland Guyana malariometric survey, 1944.
Schoolchildren less than 14 years, spleen rate (S.R.)

Irrigated (desalinated) areas Salt marsh areas
No. on No. No. SR. No. on No. No. SR
tolls examd positive (%) taolls examd positive (%)
School 1 1393 501 310 62 School 3 2812 300 5 1.7
School 2 1544 192 94 49  School 4 9078 699 14 2.0
Total 2937 693 404 58 11890 999 19 1.9

In the case of the Asian coastal marsh breeder An. sundaicus, it appears that no intensi-
fication of malaria transmission is to be expected from desalination measures.
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7.2 Salination

The technique of increasing the salinity of a brackish marsh i s less risky than the
reverse. There have been a number of successful applications involving the enclosure of the
marsh by dikes, the diversion of fresh water inflow from the marsh, and the installation of
self-closing tidegates which impound the incoming sea water. As evaporation concentrates the
salts, the salinity soon approaches or exceeds that of the open sea. No malaria vector can
develop in such an environment, although it has been claimed from laboratory tests that
An. melas can breed in water with 150% of the sea water chloride content. In addition to the
change in water salinity, antimosquito factors include ecological modifications of the water
flora and fauna. One such change results from the salt burning of vegetation including man-
grove trees. Hurricanes and typhoons can upset these projects by introducing fresh water into
the swamp. Maintenance i s likely to be rather high with this type of control.

The most convenient tidal area for mosquito control on tropical coasts i s the mangrove
swamp. The mangrove excludes other vegetation and is the only aquatic tree that grows in the
tidal zone which otherwise would be overgrown with coarse marsh grasses. When protected from
cutting for fuel, mangroves become large and shade out vegetation. A strong tidal cycle
greatly limits the production of brackish water anophelines. Thus, good drainage is all that
is needed for control. However, mangrove swamps have been heavily harvested in most popula-
ted areas and become isolated from the sea by drainage obstructions. Under these conditions,
mosquito breeding i s heavy and uncontrolled in emergent vegetation and floating matter lodged
in the tree roots. An. melas in coastal Africa is associated with the black mangrove
(Avicennia) which grows high in the tidal zone compared with the more aquatic red mangrove
(Rhizophora). The best strategy is to plant and not cut mangrove, and thus establish a shady
open marsh water management.

7.3 Anaerobic decomposition

The major malaria vectors tolerate a wide variety of chlorides and other chemical
substances in the water, but are generally clean water breeders. While culicine species often
thrive in polluted waters, anophelines usually do not. The An. gambiae group i s one possible
exception, although more hard data are needed on this African complex of vectors. ap,
arabiensis in Nigeria and An. stephensi in India are species that can survive in quite pollu-
ted water.

May streams and pools within villages accumulate human and animal waste and solid
refuse. Waters that are black in appearance or bubbly with foul-smelling gases are devoid of
anopheles. The septic condition indicates an organic pollution load which depletes the
dissoived oxygen in the water. The decomposition by anaerobic organisms i s slow and incom-
plete and with many complex end-products. The following observations have been reported on
conditions inhibiting anopheline mosquito breeding:

(a) Anopheles larvae cannot survive in water of low dissolved oxygen content;

(h) Vorticella and other ciliates (anaerobic macroorganisms) are indicators of water unfit
for Anopheles;

(c) Decaying matter in beds of artificial impoundments causes them to become oligotrophic
— (peat bog-like) and poor producers of anopheline mosquitos;

(d) Mawy culicines, but very few anophelines, can breed in sewage stabilization ponds;
(e) Seepage waters high in flocculated iron (Fe3+) are unattractive to anophelines.
All of these observations suggest that the anaerobic condition is the controlling

factor. However, the risk of spreading an "ecological fallacy' is great if it is assumed
that a single factor, such as lack of dissolved oxygen, is the cause of anopheline inhibition.
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It i s possible to render small ponds and drains unfit for anopheline mosquito breeding
by the addition of organic materials of high oxygen demand. The large tonnage required
obviously makes this method impractical for large bodies of water. Freshly cut herbaceous
plants are the cheapest and most readily available biodegradable material for mosquito control
use. The technique consists of either filling and compacting the water space or, in case of
a stream, '"roofing" at the water surface so that unobstructed flow may be maintained. The
natural mechanisms thus brought into operation include depletion of oxygen, decomposition into
byproducts, organic bottom sludges, shading and mechanical barriers to oviposition. The
measures are temporary since eventually the water will recover from its grossly polluted state.
Heavy tropical rainfall will shorten the effective |life of the measure.

The use of industrial wastes in either liquid or solid form for altering the gH or
toxicity of breeding waters seems deceptively cheap and effective until all implications and
costs are examined. The discharge of industrial wastes is liable to dangerous misapplication.
If chemicals are to be deliberately added to the water, compounds specifically manufactured
and recommended as mosquito larvicides should be used.

The wisdom of polluting water even temporarily for malaria control i s highly questionable.
It is in contradiction to the principle of water resource conservation and the reverse of a
long-term solution. The widespread pollution of urban drains and streams by sewage i s not
intentional and, while it may |limit malaria vectors, remains the principal threat of
filariasis and encephalitis transmission as well as transmission of waterborne diseases.

7.4 Physical measures

Most of the physical measures are hydrodynamic in character such as flooding, flushing,
fluctuation, wave action and surface agitation. Several of these measures have been dealt
with in previous sections. Their main impact i s often indirect by making the larval habitat
less protective, but they have a direct effect in certain circumstances. For example, top
feeding fish can provide excellent control of mosquito larvae in a concrete-lined ornamental
pool. The same pool may be controlled by a continuous agitation of the surface water such as
that produced by fountain jets. The agitation and wave action produced by the frequent
drawing of water from a well i s often all that is needed to prevent mosquito breeding. In a
natural setting with emergent vegetation, neither of these measures would provide sufficiently
effective control.

Water tanks and cisterns might be fitted with surface agitation devices as a measure of
mosquito control. A major urban vector of malaria, An. stephensi, breeds in permanent clean
water containers. The introduction of piped water has eliminated the need for rainwater
cisterns in tropical cities, but the low mains pressure has made numerous roof storage tanks
necessary. Insisting on "air broken" instead of submerged inlets for these tanks might free
them of An stephensi by jet water surface agitation and, in addition, reduce the possibility
of pollution of the public water system by back siphonage.

The application to rural environments is described in Scharff's Penang Hill demonstra-
tion.2 A mountain stream is diverted to small storage pools on each field terrace to
facilitate irrigation. Water cascades from upper to lower pools through bamboo pipes which
discharge I m above the pools' surface. The agitation thus produced is sufficient to control
mosquitos in clean-edged pools.

Wave action discourages mosquito development and reduces the marginal vegetation which
mey protect larvae. Steep shorelines and wide clear reaches intensify the wave action.
Deepening and filling techniques in shallow ponds effectively produce the same effect.

a Scharff, JW. Anti-malarial drainage from the point of view of the health officer.
Penang, Malaysia, Malaria Advisory Board, 1959 (Circular No. 10).
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1. Site selection and housing design

It has been observed that the highest concentrations of adult mosquitos occur in the
vicinity of their natural breeding habitats and that, in general, mosquito densities diminish
gradually as the distance from the breeding site increases. Maimum flight ranges from
breeding places have been reported for some species of mosquitos. Few anopheline species
travel more than 4-5 km from their breeding places. In the tropics the flight range is
usually shorter and in European and temperate zones longer.

If houses and villages could be removed or built away from breeding sites and beyond the
normal flight range of the local vector mosquitos, man/mosquito contact and disease trans-
mission would be drastically curtailed. Even when the local vector has a much longer flight
range, locating houses and villages 1.5-2 km away from mosquito sources will markedly reduce
man/vector contact since only a fraction of the mosquito population will reach the village.
This fraction can be controlled by other measures, and will most likely be too small to
establish disease transmission. It would be useless, however, to locate a new village 2 kn
away from an existing major anopheline mosquito habitat if at the same time no action were
taken to eliminate or control the minor or temporary breeding foci and to remove or render
unsuitable the shelters that mosquitos may use along their flight path.

Certain important mosquito vectors are peridomestic, i.e., they breed and live in the
vicinity of human dwellings. They lay their eggs in a variety of natural and artificial water
collections, each of which becomes a potential or active focus of mosquito breeding. Some
Anopheles are particularly associated with borrow pits, some Culex and Aedes with ditches and
drains, and some Aedes with artificial containers. It is thus evident that site selection
will not be an effective mosquito control measure unless accompanied by land improvement,
general clearing of the immediate surroundings of houses and villages, and basic sanitation
development within the community.
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Site selection, however, plays an important part i n reducing man/mosquito contact.
Villages located on high ground and exposed to wind currents are usually freer from mosquitos
than those lying at the foot of hills or in enclosed valleys where the air is calmer and water
usually more abundant. Prevailing breezes may, however, favour the dissemination of mosquitos
and extend their normal range of flight. It is therefore important to locate villages on the
windward rather than on the leeward side of breeding places.

The location of villages on higher ground offers the additional advantage of facilitating
natural draining of rain water to lower lands thus reducing the effort for surface improvement
of the surroundings. Sandy and porous soils which do not easily become waterlogged are prefer-
able for village sites to clayey and impermeable soils which tend to crack and lead to the
formation of water pools.

A consideration in housing design is that, providing they have adequate means of access,
mosquitos are more frequently and abundantly present in warm, dark and damp places in houses.
Dwellings that lack light and ventilation, or have dark recesses, cupboards, old curtains or
draperies and much furniture attract mosquitos more than rooms with large windows, bare walls,
smooth ceilings and sparse furniture. High indoor mosquito densities have also been attribu-
ted to overcrowded occupancy, particularly where it includes small children, and sometimes to
the proximity of animal sheds and stables. On the other hand, suitably designed and located
stables, usually on the edge of villages between breeding sites and human dwellings, may
attract mosquitos away from men and houses (see section 6 below).

It has also been found that at night mosquitos usually approach a house from the leeward
side guided by the current of odour-bearing warm air and, for some species, also by the light
from the windows.

There i s evidence that the situation and size of apertures leading into a house influence
the numbers of mosquitos entering it; this subject deserves further investigation.

2. Mosquito-proofing of dwellings

Mosquito-proofing of dwellings for disease control has the twofold aim of protecting man
from infective mosquito bites and preventing mosquitos from feeding on infected individuals.
There have been instances where a decline in malaria transmission was observed to move
parallel with such housing improvement. (On the other hand, in the tropics where people remain
outdoors until late at night there have been instances where the effect of this measure on
disease transmission has been minimal.

Mosquito-proofing involves not only the closure of windows and doors with screens but
also the repair of cracks and holes and the blockage of all other openings through which
mosquitos might gain entrance. In mawy parts of the world and especially in the tropics, the
nature of human dwellings in rural areas often precludes the application of mosquito-proofing.
This is the case where some rural houses are made of thatch with large openings and others
consist of a roof without walls. In general, most rural houses i n developing countries do not
lend themselves to proper screening.

Where mosquito-proofing i s feasible, priority should be given to the space where the
family gathers in the evening or sleeps at night. In hot climates it may be necessary to
screen a portion of the outdoor space in a cage-like frame.

Screening of houses with wiremesh cloth has been in use for over a century and started
long before the disease transmission role of the mosquito was demonstrated. |t was one factor
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associated with the gradual decline of malaria prevalence in USA.2» b The wiremesh cloth
should be selected to give adequate protection, maimum ventilation, and long life. Wire
screens in humid coastal areas are exposed to the corrosive action of sea air and to vibration
induced by strong winds; for such situations, plastic mesh is less liable to deteriorate
although for porches and wide openings it may require backing with a welded mesh of thick wire
to prevent sagging under the wind pressure. Fig. V-1 shows the construction details of a
screen door as installed by the Tennessee Valley Authority. This is given as an example; it
can be modified and adapted to suit local conditions.

Note: and Casm [ | f————
Strups Nalle(r (o H € b h
! |
1
" H—— Cover with Continuous Length i Casing Strip
'u".m-?gne F‘;“' of 16-Mesh Galvanized Scresn ) k‘ J
353 =TI | Wire Tacked to Inside Face of Door.

(Reproduced from:

) ) Malaria control on
ol Soene Wood Brack Heldn T o impounded waters.

ns : Washington, DC,
Reinforcing Plate Outside \'%2,\ United States Public
ot Sefeen Doet Health Service,
Tennessee Valley
Authority, 1947,

Allow 17 Overlap for Tacking

Hanging Strip 14¢'x3  Netw——i»

B‘ T+ Door Pull Outside
Hook on Inside

1-3"

All Door Frame Members
Cut from 1°x3* Cypress

Gusset Plates Cut from P 1 93) .
'3 24-Gauge Galvanized Metal
Screen Wire Under
Inside Reinforcing Plate. F

Loose-Pin A% . %

e ] ot et
Screen Wire /4 l\<

One Half of 6 Square Metal Plate-,’

—————————————— Z
Fig. V-1. Construction details of a screen door used by the Tennessee

Valley Authority.

A very real objection to the extensive use of screens is the fact that they obstruct the
passage of air, reduce ventilation, and keep the heat in the room. Tests with 16-mesh monel
metal (0.22 mm diameter) and copper and bronze (0.38 nm diameter) screens have shown a reduc-
tion in wind passage that ranges from 30-50%. Consequently screens should be selected to
provide as much ventilation as i s consistent with safety. Wire meshes No. 16 and 18 (16 and
18 wires per linear inch), with respectively 63 and 71 wires per dm, are adequate for most
situations. Table V-1I| gives the characteristics of commonly used wire cloth.

Before a screening programme is launched, the population concerned should be informed
about the protection this measure offers against disease transmission and annoyance by
mosquitos. Studies should be made of people's behaviour, habits, tastes, preferences, desire
for change and ability to adapt to it. Housing design and construction should conform with

a Boyd, MIF. The influence of obstacles unconsciously erected against anophelines
(housing and screening) upon the incidence of malaria. American journal of tropical medicine,
6:157 (1926).

b Byrd, H. Mosquitos: role of certain species in prevalence of malaria. Nav _Orleans
medical and surgical journal, 67:1417 (1914).
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the findings of such studies, so that houses are acceptable. Newfeatures and installations
shoul d be introduced gradual |y, always together with the re-education of the dwellers. New
houses shoul d be designed to neet the requirenents for nosquito-proofing.

3 Land occupancy and use restrictions

Wen the land within the nosquito flight range is sparsely popul ated, it nmay be feasible
to persuade the inhabitants to nove away fromthe nosquito-exposed zone by offering them in
exchange, lands of equal or slightly greater value to conpensate for the expense and troubl e
of noving. Should this transaction invol ve heavy purchasing investnents, or the people
strongly object to leaving their lands, it may be possible to induce themto nmove only their
dwel Iing sites out of nosquito reach, perhaps by offering thembetter houses.

The resettlement of people living in an area that will be flooded by the i npoundment of
wat er when a damis built is an unavoi dabl e task for the responsi bl e agency and the operation
is included in the programre and budget of the project. The opportunity can be used for
noving al so the inhabitants of the land belt around the future reservoir away fromthe shores
wher e nosqui to production and di sease transm ssion nay be expected (see section 1 above).

Wien the vector nosquitos are nocturnal feeders, as in the case of nost anophelines, it
is awse precautionto interrupt agricultural, recreational and other open air activities
near nosquito breeding and resting places in tinme to vacate the hazardous zone before the
nosqui tos start being acti ve.

4, "Dry-belt ing" villages in rice-cultivating areas

In nost rice-growing areas the tendency is to use all available land for rice cultivation,
the rice fields frequently encircling the villages and towns very closely. R ce cultivation
by prolonged inundation is extremely attractive to nosquitos as it affords opti mum conditions
for massive breeding of sorme nal aria vectors(see Chapter IV, section 3, while the proxinty
of the breeding place to human habitation allows the continuous transnission of the di sease.

Alogical but little practised neasure for correcting or preventing this situationis to
restrict, as much as possible, the use of land surroundi ng human communities to the cultiva-
tion of dry crops which do not require prolonged | and fl ooding. However, the scarcity of land
in nany rice-grow ng areas of south-east Asia prevents the wi de application of the nethod.
Another difficulty is the greater distance to be covered by farnmers going to and fromtheir
fields.

Experinental tests carried out nainly in Japan have shown that transplanted rice seedlings
will growand even yield 50%nore crops by the intermttent irrigationnethod. Therefore,
when wat er sources other than rainfall are available in sufficient quantity to pernit periodic
watering, the introduction of intermttent irrigation for rice cultivation could be a positive
approach to malaria control in usually highly endenmic regions (see Chapter IV, section 36).

Rce cultivation, with periodic but short intervals of flooding and drying, would not be
nore hazardous than the cultivation of other plants sinmlar in height and |eaf size and shape;
the restrictionon its cultivationnear human comunities woul d no | onger be necessary.

5. I ndi vi dual protection

Several measures of protection against biting nosquitos have been in use for many years
wi th varying degrees of effectiveness. Some of themare accessible to nost people living in
rural areas.

Bed nets provide a material barrier agai nst the attacks of night-biting nosquitos and
sonme other insects. They have been widely used for centuries and, when properly made and used,
have a definite effect in preventing disease transnission and annoyance by nosquitos. However,
the day-biting habits of some nmosquito species, inadequate naintenance of the nets, or sinply
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lack of care are factors that reduce their value.

The fabric of the cloth should be white, so that mosquitos resting on it can be seen, and
strong enough to stand hard and long usage; cotton and synthetic textiles are widely used.
The weaving should be fine so that the holes are small enough to prevent the passage of
mosquitos but allow the greatest possible ventilation. A spacing of threads of 1.0-1.8 mm has
proved to give adequate protection without undue hindrance to the passage of air.

The usual shape of the net is either conical (inverted funnel), wedge-like (camping tent),
or prismatic (box with vertical walls). The box-like net provides, with approximately the
same amount of material, a larger and more regular inside space than the other shapes. The
vertical walls permit fuller use of the bed surface; this is an important advantage over the
cone and wedge (tent-shaped) nets.

The lower edges can be weighted by tying beads, pebbles or other small heavy objects to
assure the continuous contact of the net with the mattress or can be tucked under the mattress.
Before sleeping, the inside should be inspected for any mosquitos present. Bed nets may be
impregnated with pesticides or mosquito repellents. Bed nets with a mesh as wide as 6 mm or
over six times greater than usually recommended, when saturated with repellent, can deter
mosquitos for about a week. This would considerably increase the air circulation.

Clothing when sufficiently thick, or loose from the body, is an obstacle to mosquito
biting. It has been an established practice and an army regulation to change the day clothes
at sunset into long sleeves and trousers so that the legs and arms are not exposed to mosquito
biting. Dark clothing renders the wearer more exposed to attack by mosquitos.

Insect repellents should fulfil certain conditions such as safety to the user, efficacy
against mosquito species of the area, stability, and lack of unpleasant odour and staining
properties. Recent research has resulted in repellents of more lasting effect than those used
in the past, such as citronella. 1In the UA alone, 7000 synthetic organic chemicals were being
tested at one time. The mixture of compounds has produced repellents several times more
effective than citronella. At present, dimethylphthalate and diethyltoluamide are most common-
ly used.

In the application of repellents to the skin it is important that all the exposed parts
should be treated thoroughly and liberally because mosquitos will soon find the small areas
that are not covered by the repellent or were only lightly treated. Care should be taken to
avoid application near the eyes as it ngy produce temporary but intense irritation. For
protection against malaria mosquitos, the repellents should be applied especially at dusk and
dawn which i s when the anophelines are most frequently active. Mosquitos of other genera may
be active at different hours of the day.

As mosquitos can pierce ordinary clothing, there is greater protection when the clothing
is also treated with repellents. Aerosol dispensers or ordinary hand sprayers are most

practical for such application of repellents. Impregnation of clothing with repellent can be
done at the time of washing; a final rinse in a solution or emulsion (containing 10-20% of
the repellent) will give good protection for the normal period between washings.

6. Zooprophylaxis

Zooprophylaxis involves the use of wild or domestic animals, which are not the reservoir
hosts of a given disease, to divert the blood-seeking mosquito vectors from the human hosts
of that disease. Zooprophylaxis has long been recognized as an important factor in reducing
the endemicity of malaria in certain parts of the world. It may also be effective against
other diseases, such as various viral diseases transmitted by mosquitos. It i s most applicable
where the use of cattle or other livestock fits into the local agricultural economy.

Since men i s the only important vertebrate reservoir of malaria, zooprophylaxis i s doubly
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effective as a control measure: (a) diversion of infected mosquitos to other animals
decreases the transmission rates to humans, and (b) feeding of mosquitos on "dead-end" hosts
prevents the amplification of the pathogen in the reservoir host (man).

Both anopheline and culicine mosquitos show wide variations in the selectivity of their
blood-feeding patterns. Some species, such as An. darlingi and An. sundaicus, are strongly
anthropophilic— showing a high preference for feeding on man. In contrast, some species such
as An. annularis and An. sinensis, are strongly zoophilic— showing preference for cattle or
other non-human hosts. Other mosquitos, such as the An. maculipennis complex and Culex
quinquefasciatus (= Cx_ pipiens fatigans) exhibit facultative feeding patterns and feed

readily on man as well as other vertebrate hosts. Some zoophilic mosquitos, such as

An. pharoensis and Aedes vexans, show a high preference for domestic mammalian hosts; others,
such as Culiseta melanura and Cx pipiens, may show a high preference for avian hosts (orni-
thophilic).

Some mosquito species show high blood-feeding selectivity within vertebrate classes. For
example, it has been shown that x tarsalis may show a high preference for columbiform birds
over other avian hosts; and Cx quinquefasciatus may show a high preference for dogs over
other domestic mammals.

It should be emphasized that host availability and behaviour, composition of species, and
other ecologic factors govern the selectivity of mosquito blood-feeding patterns. Thus, a
predominance of feeding upon one or more species should not be interpreted as a "deliberate
preference"” by the blood-seeking mosquito; however, for convenience we refer to selectivity
in the blood-feeding patterns of mosquitos as "host preference”. The forage ratio, which
simply compares the percentage of feeding upon a particular host with its percentage
composition of the total available hosts, has been used to measure the degree of host prefer-
ence or selectivity.2

Theoretically, zooprophylaxis would be most effective for mosquito species which have
zoophilic or facultative blood-feeding patterns. The zoophilic habits of An. sinensis
minimize its importance as a malaria vector in Asia and the western Pacific; and the hetero-
philic habits of Cx tarsalis, which feeds on a wide variety of wild and domestic birds and
mammals, i S probably an important factor in the low endemicity of western equine and St. Louis
encephalitis in the western United States.

In general, mosquitos are rarely obligate feeders upon a single host species. Even
highly zoophilic species of Anopheles will feed upon man if their preferred host is not avail-
able. Thus, the availability of alternative hosts probably has an important influence on the
endemicity of mosquito-borne diseases in many parts of the world.

Horses, cattle, sheep, and other domestic animals offer the best possibility for the
application of zooprophylaxis as an environmental technique. For example, the importance of

An. maculatus as a malaria vector in Malaysia and other tropical countries is believed to be

inversely correlated with the abundance of cattle in the area. The same is believed to be
true with regard to Cx tarsalis as a vector of western equine and St. Louis encephalitis in
rural areas of the western United States. The replacement of domestic beasts of burden by
farm tractors has been believed to be a factor in increasing malaria transmission rates in
some areas of South America where An. darlingi is a primary vector of malaria. It is
interesting to speculate whether the abundance of dogs and the high preference of x quinque-
fasciatus for canine blood in some urban areas of the tropics may not decrease the risk of
human infection with filariasis.

2 Hess, A.D. et al. The use of the forage ratio technique i n mosquito host preference
studies. Mosquito news, 28:386-389 (1968).




In considering the application of zooprophylaxis for the control of mosquito-borne
diseases, it i s important to distinguish between reservoir hosts and dead-end hosts. For
example, in rural areas where western equine encephalitis is endemic, hundreds of house
sparrows nesting in the trees and outbuildings around farmhouses may divert many blood-seeking
(x tarsalis mosquitos from humans; however, since the house sparrows serve as intermediate
reservoir hosts for virus amplification, the end result is an increase rather than a decrease
in the amount of virus transmission to humans. n the other hand, cattle are dead-end hosts
which do not serve as sources of virus infection for vector mosquitos; therefore, the diver-
sion of blood-feeding mosquitos from humans to cows both decreases the amount of virus
transmission to humans and prevents the amplification of the reservoir of virus. In contrast
to cows, horses are apparent hosts and subject to clinical disease in the same way as humans.
They must, therefore, be immunized against viral encephalitis if they are to play a role in
zooprophylaxis.

In many situations, mosquito vectors produced in rural habitats invade adjacent villages
in search of blood meals and transmit disease to the human population. This is true for
various Anopheles vectors of malaria as well as culicines, such as & tarsalis. For example,
in Indonesia, An. aconitus breeding in ricefields invades nearby villages and transmits
malaria. In such situations, a zooprophylactic technique might be used involving the
establishment, around the villages, of interceptor zones populated with cattle or other domes-
tic animals. In the USSR, the health administration advises on the location of cattlesheds
and houses in relation to mosquito breeding sites. It is generally recommended that, wherever
possible, stables should be arranged as a continuous row along the periphery of the settle-
ment. Distance between stables and houses should vary from 250 to 300 m. Zooprophylaxis
would not, of course, be practicable unless the raising of cattle or other livestock were
compatible with local agricultural practices and economy. Neither would it be effective if
the mosquito flight patterns were appetential (in search of a blood meal), or if the mosquito
species exhibited migratory flight patterns (e.g., Ae sollicitans). It would be less effec-
tive if the mosquitos concerned were daybiters and the agricultural fields were located
outside interceptor zones within mosquito infested areas.

Studies on the blood-feeding habits of mosquitos are being carried out in many areas of
the world, and increased emphasis i s being given to determining their relative preferences for
men and other vertebrates. These studies will provide valuable information for the extended
use of the method in the context of environmental management techniques.

7. Basic sanitary measures

The lack of basic sanitary installations and services or, when available, their defective
design and construction or their improper use and maintenance can produce situations that
increase man/mosquito contact. Although the mosquito habitats that result from inadequate
sanitation are often small in extent individually, they can be so numerous and so close to
human dwellings that they may have a greater disease transmission potential than larger but
fewer and more distant ones. Some of the smaller habitats may even go undetected and thus
escape monitoring and control.

Population growth in many cities in developing countries is so rapid that public
utilities and services soon become inadequate and remain so indefinitely. Amayg these
utilities, water supply suffers the most. The water is insufficient, the system pressure is
low, and the service is unreliable with frequent breakdowns and leakages. People store water
in their houses as a safeguard against a water failure; underground cisterns, roof tanks,
water jars, and other vessels are used for this purpose. To increase the supply, rain-water
mey be collected and unused wells reopened. In rural areas, except where piped water supply
and house connexions are available, the household storage of water is almost universal. All
these reservoirs and containers, usually left unprotected and uncovered, may become suitable
habitats for mosquitos such as the anopheline malaria vectors dthali, stephensi, claviger
and varuna. The best permanent solution to this problem would be to improve the water supply;
a temporary measure i S to prevent mosquito access to these water containers by providing them
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with proper covers or screens. A plastic floating mesh screen has been proposed for the old
50-gallon oil drums commonly used as water containers and promises to be effective and accept-
able to the population.

The problem of small water collections exists in both urban and rural areas. Water pools
are formed in ground excavations and depressions, in holes in streets and yards, etc., and are
due to domestic wastewater, water through spillage or leakage from individual or community
water supply systems or rain-water. This subject is dealt with in subchapter II1E, section 3.

May mosquitos, particularly some Aedes and Culex species which are vectors of arbovirus
diseases and filariasis, can breed in man-made containers and other scrap materials, such as
metal, carton, glass, plastic, etc., which (when abandoned on the ground) collect and hold
rain-water. Larvae of these vectors have been found in sardine tins, car tyres, broken
bottles, rubber boots, etc. In urban areas, only an efficient service of refuse collection
and disposal, combined with public education and participation, can reduce the tremendous
number of these latent and active sources of mosquito production. Refuse disposal can be done
by burial, incineration, composting, etc. Buried waste should be covered and compacted (see
subchapter 111F).

As certain mosquito vectors of arbovirus and filarial infections (such as Culex pipiens
and other Culex species) can breed in contaminated water, pit latrines, cesspools, sewers and
even sewage treatment plants may provide breeding sites. Cesspools should always be kept
covered and the sewage flow should be rapid enough to prevent oviposition. The problem of
vector mosquito breeding in sewage treatment plants or in pit latrines penetrating into ground
water may have to be overcome by chemical control methods.

It is therefore clear that the introduction of efficient, basic sanitary installations
and services will be directly beneficial to the control of many mosquito-borne diseases,
mainly through the reduction and elimination of mosquito sources.
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1 General principl es

The techni ques and net hodol ogi es described in precedi ng chapters are general |y applicabl e
(@) in planning programres specifically and prinarily for nmosquito control, (b) in planning
nmosquito control as an integrated part of devel opnent projects, and () in recognizing and
eval uating nosquito control benefits derived fromdevel opnent and commnity i nprovemnent
proj ect s.

There are consi derabl e di fferences in planning environnental managenent for mosquito
control progranmes currently in operation and for new programmes. A prerequisite for bothis
the exi stence or establishment of nechani sns of coordination and institutional arrangenents to
ensure that the programme is consistent with other public needs and priorities. Traditionally,
heal th ninistries have played a leading role in the establishment and operation of public
heal th nosquito control progranmes and in efforts to have the mosquito control aspects
consi dered when pl anni ng the devel oprent proj ects.

Fromexanpl es cited in the foregoing chapters it is clear that a variety of environnental
nanagenent techni ques are being used singly or in conbination in nmany existing mosquito
control programmes. Present progranmes are the result of gradual devel oprents over several
decades, and the tendency is towards integrated control programves including environment al
managenent net hods, biol ogi cal agents, and insecticides. For control programes which still
rely heavily upon insecticides, a shift towards greater reliance on environnental nanagenent
may becone necessary in the future owing to problens of vector resistance. The need for
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greater programme effectiveness and reduced | ong-termcosts nay al so be reasons for consider-
ing a shift to source reduction measures even though najor capital expenditures may sometinmes
be involved initially. The economc feasibility of such a shift is established by conparing
the estimated annual costs over the expected |ife of the source reduction neasures, including
anortization and mai ntenance, with the expected savings i n expenditure for insecticides and
inthe cost of their application. Mysquito control projects(such as drainage, filling

di ki ng, and dewatering) may provide opportunities for land reclanation and devel opnent
benefits which may reduce increnental costs allocated to mosquito control

In the planning of new nosquito control programmes, two requirenments nust in general be
nmet: that of dealingw th existing problenms resulting fromnatural or man-nmade vector sources,
and that of tackling both the existing and potential vector problems connected with the
construction of a newwater resource. The latter are dealt with in nore detail bel ow

No two dam(and reservoir) projects are exactly alike. Each project has its own charac-
teristics determ ned by the physiography of the site, its location, design features of the
structure, and operating schedul es to serve the purposes for which it is constructed. For any
specific project the potential nosquito control problemis determned by the climte, the size
and topography of the reservoir area, the condition of the area to be flooded with regard to
drai nage and vegetation, and the expected water |evel schedules to be followed (operating rule
curves) to neet project requirements. |If due attentionis given to nosquito control in the
earliest stages of project planning, it is possible through design, proper preinpoundage
preparation of the area to be flooded (see subchapter 1114, and judicious planning of reser-
voi r operating schedul es (see Chapter IV, section 1.3) to mtigate the potential problenms and
reduce or possibly elimnate the need for special postinpoundage nmosquito control operations,
such as larviciding.

Excessi ve nbsquito popul ations associated with irrigation systens are nost often caused
by faulty engineering design, and incorrect irrigation, drainage, and managenent practices
The mosquito sources are often associated with both the engineering and the agricultura
aspects of irrigation and are thus amenable to correction or prevention, through proper plan-
ning. lrrigation systens and practices designed to attain maxi mumefficiency and to mnimze
wat er wastage tend al so to avoid creating conditions favourabl e to nmosquito propagation. How
ever, some current design features and practices are not best suited for nmosquito control
For exanple, in largeirrigation projects, the slopes of the main canals are usually reduced
so that larger land areas can be irrigated. The I essened flow velocity and the consequent
vegetation grow h are favourable to nmosquito production. Similarly, prolonged flooding of
rice fields is still a common practice although internmittent irrigationhas shown its effec-
tiveness for nosquito control with little or no effects on the crop.

For mosquito control in new comunities, the principal considerations are site sel ection
di sposal of waste water, surface drainage, disposal or proper handling of water-holding
cont ai ners, and housing standards that reduce man/mosquito contact (see Chapter V.

The wi de- scal e application of environmental managenent for mosquito control can be inclu-
ded in primary health care programmes and will contribute to the goal of health for all by the
year 2000. Sinple environmental management neasures taken by communities can assist in
reduci ng nosquito vector habitats. Individuals can contribute to nmosquito control and genera
community devel opnent, but special educationis frequently needed. Individuals canlimt the
nunber of breeding places on their own prem ses by mnor drai nage and renoval of water-hol di ng
containers. They can al so provide personal protection for thenselves and their famlies by
the use of nosquito nets, space sprays, etc. (see Chapter V.

2. The pl anning of integrated contro

The principles enunciated in a policy statenent adopted by the Anerican Mbsquito Contro
Associationin 1979 are indicative of nodern approaches to nosquito control. Al though stated
for general nmosquito control purposes, the principles reproduced bel ow al so apply to vector




control progranmres.

The American Msquito Control Association advocates management of mosquito popul a-
ti on~,when and where necessary, by means of integrated programres designed to benefit
or to have mininal adverse effects on people, wildlife, and the environment. This
integrated pest management policy recogni zes that mosquito popul ations cannot al ways
be elimnated but often must be suppressed to tolerable levels for the well-being of
humans, domestic aninals, and wildlife, and that selection of scientifically sound
suppr essi on net hods nust be based on consideration of what is ecol ogically and
economcally in the long-termbest interest of mankind. The follow ng principles are
advocat ed.

(1) Mosquito control nmeasures shoul d be undertaken only when there is adequate
justification, based upon surveillance data

(2) Integrated nosquito management progranmmes shoul d be tailored to the needs and
requirenents of the local situation. The conbination of nethods for mosquito contro
shoul d be chosen after careful considerationof the efficacy, ecological effects, and
costs versus benefits of the various options, including public education, |egal action,
natural and biol ogical control, elinination of breeding sources, and insecticide
appl i cati ons.

(3) Mbsquito breeding sources, whether natural or created by human activity, should
be altered in such a manner as to cause the | east undesirable inpact on the environnent.

(4) Insecticides and application methods should be used in the nost efficient and |east
hazar dous manner, in accordance with all applicable |aws and regul ations and avail abl e
scientific data. The registered | abel requirements for insecticides should be followed.
When choi ces are avail abl e anmong effective insecticides, those offering the | east

hazard to non-target organi sms shoul d be used. Insecticides should be chosen and used

ina manner that will mninize the devel opnent of resistance in the nosquito popul ations

(5) Personnel involved in nosquito management programes shoul d be properly trained
and supervised, and certified in accordance with rel evant |aws and regul ati ons, and
shoul d keep current with i nprovenents i n managenent techni ques through conti nui ng
educati on and/or training programres.

For vector control programmes, principle (1) may be broadened to include epideniol ogica
data. Furthernore, in the assessnent of the effects of nmeasures to control the vectors of
one di sease, the benefits fromthe conplete or partial control of a nunber of other vector-
bor ne di seases shoul d be incl uded.

A consi der abl e body of know edge about many nosquito species is needed for planning
effective control programmes. Information on some inportant species was presented in
Chapter |, and Tables are included in Annex 1. Additional information on local species needs
to be col lected, conpiled and anal ysed.

3. Problemdefinitionand priority rating

Before a vector control progranme is planned, sone informationwill usually be avail abl e
on di sease preval ence and on the ecol ogy of the vectors. Data may al so exist which w ||
enabl e the rel ative public health and soci oecononi c i nportance of the di sease to be assessed.
To establish the priority of the vector control progranmme relative to other health activities
of the area, data on other major communi cabl e di seases of the area are needed. Such i nforna-
tionw |l also be useful at |ater stages of programre devel opnent for the selection of contro
met hods that may al so al |l eviate other health problens. \Were data are inconplete, it may be
necessary to carry out small-scal e epi dem ol ogi cal surveys
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I nformation on the preval ence and sources of nosquito vectors in the area is anal ysed and
maj or sources are identified. These may be natural breeding areas, man-made irrigation
schemes, rice cultivation systens, or artificial lakes. Potential future sources of vectors,
such as prospective water resource devel opnent projects in the area, shoul d al so be consi dered
An eval uation shoul d be made of any past programmes or current activities for control of
nosqui t o- borne diseases in the area. Particular attention should be directed to the effective-
ness of the control methods enpl oyed, the problens encountered, and progranme admi ni stration
and costs.

To obtain an overall viewof the problem informationis needed on the denographic,
physi ogr aphi ¢, climatological, topographi cal and geographical features of the area, popul ation
di stribution, water resource devel opment projects, and rel ated engi neering data such as
streanfl ow, drainage, and water control operations.

The findings of the probl emdefinition study should be reviewed with the government al
agenci es of the area responsible for public health, agriculture, public works, industria
devel oprment, conservation, water resources, tourism etc. The purpose is to obtain the views
of these agencies as to the potential benefits or inpacts of a vector control progranme for
their programmes. The review al so serves to identify opportunities for joint planning and
possi bly joint funding of projects, in which nmosquito control is included with other objectives
such as flood control, hydroel ectric power generation, navigation, irrigation, drainage, |and
recl amati on and devel oprent, or fish and wildlife enhancenent.

4. Delimtation of operational areas or selection of project sites

In large-scale vector control projects, it is to be expected that the areas for which a
control programme i s being considered will include different epi dem ol ogi cal and ecol ogi ca
conditions with resulting differences in di sease transnission potential and in the appropriate
control nmeasures. Delimted sectors of the designated control area can be used for conducting
feasibility studies and prelimnary detailed planning of vector control programmes to provide
the basis of a total programme pl an of operations.

The geographi cal |ocation of a water resource devel opment project is determined prinarily
by the purpose of the project, the area to be served, and technical requirenments for construc-
tion and operation of the works. In considering alternative schemes for site devel opnent,
however, the assessnent of the relative difficulties and costs of vector control may be an
important factor, and it is for this reason that data nust be collected at an early stage

Vect or - bor ne di sease control should al so be an inmportant factor in the selection of sites
for housing the constructionworkers and for resettling the popul ations that have been
di spl aced by the project.

5. Feasibility studies

Prior to the project planning stage, feasibility studies are conducted to determ ne
whet her the control objectives can be attained with avail abl e nethods and resources, taking
into considerationthe local technical, operational, adm nistrative and soci oecononi c
condi ti ons.

The rel ati onshi ps of popul ation groups to vector sources have a great bearing on cost-
effective vector control strategies. For exanple, a strategy including a |arge-scale
programe of larval control would be nore likely to be cost-effective in densely popul at ed
urban areas than in rural areas. As indicated above, these rel ationships provide a sound
basis for subdividing the control area into sectors to be used for feasibility studies

The technical feasibility of environmental managenent nethods will depend on the efficacy
of available control neasures in the proposed control area. |n some cases, small-scale field

trials of the control neasures may be needed to confirmtheir efficacy and technical




feasibility. If the feasibility of avail abl e control nethods seens to be questionabl e, new
nmet hodol ogi es and equi pment may have to be devel oped and assessed in a field operation before
a soundly based control progranmme can be initiated.

In the selection of methods to be incorporated in an integrated control programme, opera-
tional feasibility as well as technical feasibility must be considered. This requires study
of the practicability of applying various control nethods under the | ocal geographical,
physi cal, social and climatic conditions. This study should take account of communications,
housi ng, agricultural practices, human habits and custons, water resources and existing public
heal t h programmes and organi zati on.

The results of the sector studies can be conbined to provide prelimnary estinates of the
resources required and the costs for inplementing the total programme. Usually, only direct
costs are included in the sector cost estimates. For the total programre costs, technica
pl anni ng, nmanagenment and admini strative costs need to be added. Provision should al so be nade
for special investigations and field trials for progranme inprovenent and continuing evaluation
of programme effectiveness.

A feasibility study should al so take into account the rules and procedures on the all oca-
tion of funds and accounting of expenditure, the recruitment and training of personnel
procurenent of supplies and materials, maintenance and repairs of transport, |egislation and
 egal support, as well as any other adm nistrative and managerial matters related to the
pr ogr anme.

nly control measures which pass the tests of both technical and operational feasibility
shoul d be considered for applicationin the control programme. Conparative cost estinmates
will indicate the cost-effectivenessof alternative control strategies and, in turn, indicate
the met hods of control for each sector that would be nost cost-effective. |In cases where
direct benefits to other interests are to be realized, these should be taken into account.

6. Sel ection of nethods of control: the conprehensive approach

Following the feasibility studies, and if it is decided to proceed, detailed surveys are
usual |y needed. These will include prelimnary engineering studies if major projects are
concerned. The project should be devel oped within the total health and soci oecononic cont ext
of the area to ensure that other diseases are taken into account in the selection of contro
nmeasures. This conprehensi ve approach invol ves the careful selection of a conbination of
nmet hods on the basis of their efficacy, feasibility of application, costs, suitability to
I ocal conditions and acceptability to the population. Wthin the wi de scope of water resources
devel oprent, where nmany different and possibly conflictinginterests nmay be invol ved, a
coordi nated approach is essential in all phases of devel oprent.

7. Vect or - bor ne di sease control progranmes

Al though no two situations involving the devel opment of a vector control programme are
i dentical, some generalizations may be nade. In urban areas characterized by high popul ation
density, source reduction nmeasures shoul d be enphasi zed. Were the nosquito control opera-
tions extend beyond the geographical jurisdictionof a municipality or where overl apping
jurisdictions are involved, the formation of mosquito control districts may be required but
these shoul d be consistent with the pattern of basic health services.

The situation in suburban areas of towns is sonetines nore serious. Msquito production
is usually nmore intense because of the presence of nore surface water for nmosquito breeding,
and if the resulting health problens are severe, other measures of control may have to be
conbi ned with environnmental managenent operations and the provision of basic sanitary neasures.

In these and in rural areas, the control strategy should consist of a combination of
nmeasures With nore enphasis at first on chenmical control to bring about a rapid declinein
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nmosqui to density and di sease transnission. As environnental nanagenent operations are

devel oped and strengthened, the application of pesticides can be reduced and gradual |y repl aced
by non-cheni cal neasures.

Inrural areas and arid zones, excessive nosquito popul ations are frequently due to man-
nmade habitats. Vector control efforts have to be directed to measures which invol ve conserva-
tion and opti nrumuse of the limted water supply. |In tropical zornes with an oversupply of
wat er, drainage and | and recl anati on nay be enphasi zed as nethods for source reduction. How
ever, adequate nosquito control cannot usual |y be achi eved through environnental nanagenent
alone, since it is difficult to provide sufficient coverage of existing and potential breeding
places. Integrated strategies and sel ection of courses of action simlar to those recomrended
above for urban areas should be applicable to nost rural situations.

QO gani zation and nanagenent of operations. Large-scale projects for environnental
managenent require a high degree of technical direction, efficiency in operational activities,
and sound nanagenent. The director and key staff should be technically qualified and have
basi ¢ nanagenent skills for adninistering a | arge organi zati on of people. The technical staff
shoul d understand the technical operations of public works, such as irrigation and drai nage,
and water supply and drai nage systens, in order to deal effectively with technical personnel
responsi bl e for these works.

Organi zation patterns nust of necessity be tailored to individual situations and pl ace-
nent of the project in the governnental structure.

Training of staff. Basic to all environnental managenent for mosquito control is a
nucl eus of trained personnel including an entonol ogist with broad training in aquatic ecol ogy
and a know edge of control methods, and an operations director who could be an environnental
or public health engineer trained in vector control. In some situations all of the functions
nmay have to be perforned by only one engineer who will then be responsible for training
ancillary staff such as | aboratory and entonol ogy technicians in the application of their
skills to environnmental control, and for organizing training progranmes for field personnel.

Pilot operations. As mentioned above, pilot operations nay be needed to deternine the
technical feasibility of a proposed control nethod. These trials provide excellent training
opportunities. Wen integrated control programres are being pl anned, adequate al | onance
shoul d be made for extended pilot operations.

Engi neering surveys and design studies. Sone source reduction projects nay invol ve smal |
or sinple drainage or water control operations which the average worknan can performusi ng
a sinple hand level or no instrument at all (see Chapters II and MI). Such operations m ght
i ncl ude si de drai nage to prinary drai nage channel s and drai nage of shal | ow depressions in
filled areas. Mst source reduction projects will, however, require trained engineers to
conduct instrument field surveys, make designs, and estimate the cost of alternative schenes.
In projects prinarily for nosquito control, the role of the vector control specialist is to
identify the areas to be consi dered, devel op perfornmance specifications, arrange for engineer-
ing surveys, design and cost studies, and arrange for final designs and construction. In
mul ti purpose projects, his roleis usually limted to indicating how specific features of the
proj ect mght be designed to optin ze nmosquito control benefits and to eval uating the effec-
tiveness of alternative schenes to that end.

It is unlikely that a vector control organization will have staff qualified to conduct
engi neering and design studies. Contracts may be nmade with professional engineering conpanies,
or the engineering staff of departments of public works or other appropriate governnental
agenci es can be used.

Inpact on the environnent. Environnental managenent neasures may produce a significant
i npact on the environnent. In some countries, environnental inpact studies may require
ext ensi ve surveys, considerabl e financial resources, specialized manpower, and | egal and




administrative support. |In other countries, the impact study may consist in gathering avail -
able knowledge from specialists and the public at large; their contributions may provide
practical assistance in planning the project. Where such procedures are not available, a
simple matrix of the type discussed in Chapter II, section 4, and in Annex 3 can be helpful
in the assessment of environmental impacts, at least during the initial stages of project
devel opment.

8. Major land and water resource development projects

There i s much documented information on mosquito control efforts related to major water
resource development projects such as dams, reservoirs, and irrigation schemes, but less
attention has been given to mosquito control problems associated with other types of projects
such as channel dredging, land drainage, land reclamation, road construction, and water
management for rice cultivation.

As stated above, the basic approach should be to incorporate mosquito control features
in project design and operation. At the same time, a close cooperative working relationship
must be established with the health authorities in all phases of project development, and the
project authorities and management must accept responsibility for ensuring that the control of
mosquitos of public health importance i s not weakened but is rather improved.

During the planning phase, the health component of the project should include: (a) ocom-
piling data on the health status of the area and other related subjects such as vector
densities; (b) undertaking surveys to supplement the data, bringing them up to date, or
extending them in greater detail; and (c) identifying present health problems and predicting
possible future repercussions of the project. Feasibility studies, cost-effective analyses,
etc., should take the health component into account.

During the design phase, the health component should include: (a) establishing criteria
for the minimization of health hazards, and (b) advising designers on the incorporation of
these criteria in the design of structures and other works and in the planning and design of
operations.

During the construction phase, the following health safeguards will need to be estab-
lished: (a) protection against disease, and medical care of the construction labour force,
including control of local vectors; (b) advice on adequate housing, sanitation facilities,
and services for the labour force and Tesettled inhabitants; (c) inspection to ensure that
construction i s in compliance with approved designs as related to vector control features;
and (d) organization of programmes for health education and community participation.

At the beginning of the operations phase, the health organization should be ready to
undertake such activities as: (a) surveillance, screening and treatment of infected persons,
health training of irrigation and agricultural personnel, and public health education and
development of community participation; (p) continued monitoring of the works for their
effect on vector densities; and (c) evalTation of vector density and disease change, the
effectiveness of vector control and sanitation, etc., and further steps that are required for
good environmental management.

Effective coordination calls for the establishment of coordinating boards and committees
within the framework of the project at various administrative levels. The boards and
committees should be a part of the project organization and should have carefully defined
duties and areas of responsibility. They should have the full support of the project manage-
ment, reinforced (if need be) by appropriate legislation. Meetings of the boards and
committees should be regular.

The potential adverse health effects of water resources development projects are of vital
concern to public health authorities. It is therefore essential that the Ministry of Health
should have adequate powers and resources to control the vectors of public health importance
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inwater resources projects. It is desirable that official authorizations for the planning,
desi gn, construction, operation and nmai nt enance of major water resources devel opnent projects
shoul d define the responsibility of the project nanagenent to conply with the vector control
requi renents.

9. Control at commnity level with [ ocal participation

A the comunity | evel, the avail abl e resources, equi pnent and technical skills are
frequently limted but this does not necessarily preclude the successful application of sinple
envi ronnment al managenent neasures for vector control through cooperative | ocal participation.
For such participationto be effective, the planning of basic sanitation neasures (including
vector control) nust include technol ogi es whi ch are conduci ve to |abour-intensiveness and
decentralization, and whi ch neet the needs of a | arge percentage of the people in the
comunity.

Appropri at e t echnol ogy approaches to comunity vector control and sanitation are just as
applicabl e to the unpl anned settl ements of mgrant workers, who are frequently brought
together for the construction of water resources devel opnent projects, as they are to estab-
lished comunities. In the forner case, however, the need is greater and the task is
frequently nore difficult and has less probability of success.

Sinpl e technol ogy that is available and easily adaptabl e to many community situations
can deal with, for exanple, the inprovenent of surface drainage, the filling in of small |and
depressions, the removal of containers that provide |arval habitats, encouragenent of the use
of bed nets and repellents, and the pronotion of better house construction(see Chapter V.

In the established comunities, vector control activities should be integrated with
primary health care and carried out by community workers. Technical assistance for planning
and supervision and certain incentives may need to be provided by vector control staff.

The sel ection and establishment of priorities for health and devel opment projects are the
prerogatives of the conmunity | eaders, but health workers can assist by identifying health
probl ens, suggesting priorities, and proposing corrective neasures by community action and
al ternative approaches with the estinated manpower and equi pnent requirenents. Heal th workers
will need to continue to assist in devel oping specific work plans, in training personnel, and
advi sing on the allocation of funds and equi pnent where necessary. The success of i ndividual
projects will in part depend on the training of the community workers responsible for carrying
themout. Health personnel should al so assume najor responsibility in providing training to
local health workers for the extended heal th education of the public.

10. Bvaluation

Eval uation is the measurement of the progress achi eved towards the pl anned obj ecti ves.
It consists inregularly collecting data on various aspects of programe devel oprment and
conparing themw th the set targets. FEvaluation needs to be continuous and should lead to the
design and introduction of corrective neasures to overcone deficiencies, and perhaps al so to
arevision of goals and targets. For environnental managenent projects, eval uation shoul d
cover the epidemi ol ogi cal aspects, environnental inpact, and the econonic aspects.

Qper ational eval uation assesses the progress of admnistrative, technical and financial
operations. It is carried out to maintain high operational standards.

Epi dem ol ogi cal eval uati on neasures the inpact of the neasures against the vectors and
disease. It is carried out by conparison of data collected through a regul ar reporting
systemor through epi dem ol ogi cal surveys. The results may indicate the need for a change in
strategy if they fall short of the targets.

The environnental inpact assessnent will keep watch on the physical nodification of the
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environment and its effects on the biota(see section 7 above, Chapter II(section 4), and
Annex 3).

In the econom ¢ studies, usually the benefits other than vector control are assessed and,
if possible, quantified. These nay include assessnent of the additional water and land for
agricul ture and urbani zation, inprovenents in environmental quality, and overal | inprovenent
i n soci oeconom ¢ condi ti ons.
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1. Introduction

The vector control service will usually be responsible for implementing small and simple
environmental management measures as part of the disease control programme. Its staff should
be capable of planning, designing and carrying out such measures, aimed principally at elimina-
ting vector breeding sites. Public health inspectors or sanitarians attached to the vector
control service may be required to direct the work in the field and organize the unskilled
workers in its execution. They should be particularly prepared for such field activities.

Much of the information in this Manual i s addressed both to vector control workers and to
engineers engaged in water resources and other development projects, but the practical guide-
lines in this chapter are concerned only with works and operations which vector control
workers may be required to carry out by themselves. These works, even though they seem small

and simple, may be as effective in controlling mosquito production as larger and more impres-
sive undertakings.

In cases where the guidelines prove insufficient, vector control field staff should
always feel free to refer matters to and request help from their supervisors as well as from
specialized professionals or agencies (where available) at the field level. The vector
control service should also establish and maintain close collaboration with the departments
responsible for water resources development, and request technical support as and when

required. Community participation and cooperation with primary health care services should
also be sought.

2. Procedures for implementing simple environmental management works

For the implementation of environmental management works, the general sequence of
activities i s usually as follows:

(a) Review and analysis of existing data and reports on vectors, diseases, and their control.

(b) Preliminary reconnaissance, to collect additional general information and to identify the
mosquito problem.

(c) Land surveying, including topographical surveying, as required, to provide detailed
geographical information on the area concerned for use in the planning and design process.

(d) Selection of environmental management measures to be applied, based on data collected
through (a), (b) and (c).

(e) Detailed design of the environmental management works required, including construction
plans and cost estimates.

(f) Construction.
(g) Operation and maintenance of the constructed works

(h) Continued evaluation of the impacts on vector or disease incidence and the introduction
of corrective measures.

The various activities listed above are discussed, step by step, in the subsequent
sections. It mey be noted that not all the steps and activities are needed for every job and
several of them can be omitted in the case of small operations.




2.1 Review and analysis of existing data and reports

Collect existing data and reports on vectors, diseases and their control and analyse them
with a view to identifying the general vector and disease problem in the area as well as the
information gaps.

2.2 Preliminary reconnaissance and problem identification

Step 1. Visit the area concerned and collect information on the following:

the prevalence of malaria and other vector-borne diseases, if not already available;
the number in the population, and location of their permanent and temporary habitation;
whether the agricultural fields and crops are irrigated or rain-fed;

- the climate, rainfall (magnitude and seasonal distribution), temperatures, groundwater
table, and soil characteristics;

- the location and extent of each existing (and potential) mosquito source; in the case
of water collections, determine from where the water comes (surface runoff or groundwater
sources), the water level or depth, and the duration and season of water accumulation;
vegetation growth; and the mosquito or disease potential (what environmental management
measures, singly or in combination, would provide a solution?);

- if drainage is considered as a possible solution, determine any possible outlet, its
distance from (and its elevation in relation to) the lowest point of each water collec-
tion, and its capacity to carry away the additional flow (would partial drainage provide
a solution?) ;

if filling is considered as a possible solution, determine any possible sources of
filling material and their locations relative to the water collections (would margin
improvement by deepening and filling, plus introduction of larvivorous fish, provide a
solution?) ;

the use being made of the water collections (if any), and whether their elimination
(either by drainage or filling) is acceptable to the local population;
~ if flushing is considered as a possible solution in the case of a ditch or stream,
determine the quantity of water available for flushing, and possible locations for the
storage structure,

- if other manipulative measures (such as salinity changes) are being considered, deter-
mine the possibilities for such measures and the requirements for their implementation;

the availability of labour in the area, and the prospects of participation by the
local communities in the envisaged work for environmental modification.

Step 2. Based on the findings of the reconnaissance, in particular the number and size
of the existing mosquito sources to be dealt with, the vector control officer at the
central or district level should:

- determine (as far as possible) the magnitude and the complexity of the environmental
management work involved; and

determine whether or not the job can be adequately handled by the vector control staff.




- 178 -

Step 3. If thejobis too large or conplex for the vector control staff, refer it to the
appropriate department for action. Follow up by the vector control service wll be
required.

If the job can be handl ed by the vector control staff or by the commwnity under their
gui dance, proceed with | and surveyi ng.

2.3 Surveying

Step 1. otain and study the avail abl e maps of the area concer ned.

Step 22 Determnewhat additional surveying is required, if any. For sinple fillings

or drainage there will be no need for surveying, in nost instances. For larger jobs that
can be handl ed by vector control staff, plane-table surveying, contour |evelling and
traverse level ling woul d probably be sufficient in nost situations. Basic surveying

net hods are described in section 5 bel ow

Sep 3. Oganize and carry out the surveying.

2.4 Selection of nethods

Envi ronnent al nmanagenent measures that have proved useful for vector control have been
given in Chapter II and are also nentioned in Annex 2  These met hods have been described in
detail in Chapters III and IV; however, in these two chapters, in particular in the fornmer,
the enphasi s has been largely given to the application of environmental management neasures
in water resources devel opnent projects for the prevention, reduction or control of vector
breeding. The sel ection and application of these nmeasures purely for vector control, either
singly or in appropriate conbinations, obviously depends on the individual situation; however,
consi deration should be given to as many alternative solutions as possible so that a suitable
and effective method of control is found.

Mbst wat er accumul ations can be elimnated or controlled in several ways; an analysis
shoul d be nade to determ ne whet her the particul ar water body should be drained (or filled)
and reclainmed for agricultural or other productive use, whether it should be converted to a
reservoir or lagoon with inproved nargins by deepening and filling, or whether the water
shoul d be conserved by diversion to areservoir at a suitable point. In sone instances, a
slight lowering of a swanp's water |evel can draw off water fromthe shal | ow nmargi ns and stop
nosqui t o breedi ng whil e the deeper areas can be stocked with larvivorous fish. In other
situations, raising the water level by installing a |owdamat the downstreamend nay fl ood
the flat shallownargins and strand the nosquito | arvae or destroy themby wave acti on and
predators. The possibility of water |level fluctuation should also be investigated. Were
very high flood water conditions occur occasionally, the excess flood flow shoul d be by-passed

through its natural route to protect drains(see subchapter I11C, section 4. In coastal
situations, the nanipul ation of water salinity in the swanp may provi de the desired control.
Therefore, conplete draining or filling of a water body nay not be the best sol ution and

shoul d not invariably be resorted to. The nmore econom cal and sinpler environnental nanage-
nment works shoul d be given first consideration.

In principle, the selection of a measure(or a conbi nation of neasures) for application
in a given situation depends on: (g the cost/effectiveness of the neasure as conpared wth
alternative neasures; (b the operational and financial feasibility of the measure; and
(9 ot her considerations, including acceptability to the popul ation, side benefits, and the
extent and inportance of other vector and di sease control measures applied. The follow ng
basi ¢ steps should be followed in this sel ection process:




Step 1. Based on the findings of the prelimnary reviewand reconnai ssance and the
details of the land survey, list the various environmental managenent neasures that al one
(or conbi ned) could provide effective nosquito control.

Sep 2 Sudy the operational feasibility of each alternative.
Sep 3 Estimate the cost of each alternative.

Step 4 Study the financial feasibility of each alternative.
Step 5 Assess the effectiveness of each alternative.

Step 6. Conpare the cost/effectiveness of each alternative.

:

Step 7. Examne ot her advantages(including side benefits) and the disadvantages of each
alternative.

Step 8 Make the sel ection.
A village pond that breeds nosquitos can be used as an exanple to illustrate howthis

procedure nay be applied in sel ecting an environnental managenent measure for nosquito control.
The various steps are shown bel ow

Step 1. Possible solutions: 2 drai nage, filling, margin inprovenent by deepening and
filling plus introduction of larvivorous fish, nosquito proofing, and larviciding. Larviciding

is not an environnmental managenent neasure but is included in this exanple so that its
recurring cost may be conpared with the costs of long-term neasures.

Step 2. Fromthe survey we know that (8 the pond serves no useful purpose to the | ocal
inhabitants, (b} there is a streamnear the village where the pond water can be drai ned, and
(¢ there is also a high spot in the village fromwhich earth can be removed for filling the
pond. Larvivorous fish are available. The houses (about 50) in the village are so construc-
ted that they can readily be screened. Larvicides, sprayers, and | abourers are al so avail abl e
for carrying out larviciding. Therefore, all the five alternatives are technically feasible.
Note that if no suitable outlet is availablein the vicinity of the village(or the pond),
the alternative of surface drai nage woul d have to be discarded because it is not operationally
f easi bl e.

Step 3. Costs for the five alternatives are estinated as follows:—b

uss
(@ Drainage:
D gging the drainage ditch » « = + « « =+ « =« .« « . . 5200
Mai nt enance(no operation COSt) « + « = « = x &« « . .« 100/year
(b Filling:
Initial coSt & & v v v v 4 4 4 v v e w o a s 6400
Mai nt enance(no operationcost). .« « = + « = .« .« . . . . hegligible

2 There coul d be other sol utions, but the exanple givenis linmted to five alternatives
inorder not to conplicate the case.

b These costs are fictitious and are given only as an exanpl e.
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Us$
(c¢) Deepening and filling, plus larvivorous fish:
Cost for deepening and filling . . . « « &« &« « & & « & 3500
Introduction of fish . . + &« v &« v « ¢« v ¢ 4 v & 4« o & negligible
Maintenance, including vegetation removal . . . . . . . 260/year
(d) Mosquito proofing:
Screening the doors and windows . . . . . . . . . . . . 10 000
Maintenance and replacement . . . . . « . « .+« .« « « . . 1000/year
(e) Larviciding:
Initial cost . . . . « v v v v v 0 0 e e e e e e e e negligible
Recurrent cost of larvicides, operations, and
replacement of equipment . . . . . . . . . . . . . 1200/year

Step 4. Financial feasibility. An amount of 56500 has been budgeted for community
improvement and can be used for drainage and filling purposes. There is also a budget item of
$1500 per year for mosquito control. Therefore all alternatives other than mosquito proofing
are financially feasible. The financing of mosquito proofing would depend on the willingness
and the financial means of the home owners, which would require further investigation.

Step 5. The relative effectiveness of the five alternatives in vector control, as far
as this source (the pond) is concerned, may be rated as follows:

Drainage: 95%; Filling: 100%; Deepening and filling, plus larvivorous fish: 90%,;
Mosquito proofing: 80%; Larviciding: 90%.

Step 6. Comparison of cost/effectiveness.

Cost comparison of the alternatives can be made on the basis of either the "total annual
costs™ or the "capitalized costs™, both involving compound interest computations. In the
example given here, the comparison i s made on the basis of the total annual costs (AC), which
can be expressed as:

Cr
AC=CI‘+m+ oM

where C i s the capital cost, r the interest rate, n the number of years during which the
investment will be recovered, and OM the operation and maintenance cost.

The cost comparison of the five alternatives is shown in the Table overleaf, assuming
n = 20 years and r = 10%. The amortization cost i s calculated from the formula

Cr
a+ -1




Qit & fill

pl us
| arvivorous Msquito
Drainage Filling fish proofing Larvieiding

Capital cost (3) 5200 6400 3500 10 000 -
Interest on investnment (Cr) ($) 520 640 350 1000 -

: : Cr
Anorti zat i on ( ———;1——)(5;) 91 112 61 175 -

1+1)-1
0 & Mcost (%) 100 - 260 1000 1200
Total annual cost (AC) ($) 711 752 671 2175 1200
Ef f ecti veness (%) 95% 100% 90% 80% 90%
AC

Cost/effectiveness '% effectiveness) (4) 748 752 746 2719 1333

It is seen fromthe above conparison that drainage, filling, and cut and filling plus

| arvi vorous fish have about the sane cost/effectiveness; the other two alternatives can be
elimnated on account of cost/effectiveness considerations al one.

Step 7. Gher considerations.

The three promsing alternatives can now be conpared with respect to other considerations
as fol | ows:

Qit & fill
pl us
| ar vi vor ous
Dr ai nage Filling fish
Annual costs/ %ef fectiveness $748 $752 $746
Possi bl e future use of the not much use can be nade rai sing fish,
pond area is foreseen a public park, recreation
a recreation area,
or possibly used
for housi ng
Accept ance by the popul ation (0 Preferred Preferred
Step 8 Selection of an alternative.
In the light of the above conparison, probably "cut and fill plus larvivorous fish", the

envi ronnent al managernent alternative with the least initial cost, will be selected as the
nethod to elimnate the nosquito problem "Filling" will probably be the second choice in
viewof its other advantages, though it is slightly |ess cost/effective than drainage. This
is of courseonly a sinplified exanple; real field situations are nuch nore conplicated. The
possibility of community participation and nany other factors that al so need to be taken into
consideration in the selection are discussed in Chapter M.




- 182 -

2.5 Detailed design and construction

Once the appropriate environmental modification measure has been selected, the next
activity is to plan the detailed design of the work to be carried out. However, for very
small jobs (such as simple drainage or filling) a detailed design would probably not be needed,
and they can be successfully carried out with proper organization. Organization, supervision
and technical support are particularly important when the work is to be performed by the
communities themselves or by voluntary labourers provided by the communities. For larger jobs
it may be necessary to calculate the amount of earthwork involved or to design a drain, ditch,
etc., before construction starts. Some hints on the design and construction of the medium-
sized environmental modification works are given in section 4 below. Large drainage schemes
would require complicated hydrological studies, hydraulic and structural design of canals and
ancillary structures, detailed cost estimates, and comprehensive construction specifications
and plans. Large-scale land filling and grading projects usually am at balanced cut and fill,
involving laborious calculations. The services of engineers and perhaps power equipment will
be needed for such jobs, and no attempt is made to cover these subjects in this Manual.

2.6 Operation and maintenance of constructed works

For large- scale water resources development projects, the operational procedures and
schedules of the schemes should be well thought out and clearly drawn up during the planning
and design stages. In the preparation of the operational procedures and schedules, due
consideration should be given to the vector control requirements and, in particular, the
environmental manipulative measures. The importance of maintenance cannot be over-emphasized.
Suitable maintenance programmes should also be charted out during the planning and design
stages, and the required finances should be provided for in the project's recurrent budget.

Small drainage and filling jobs would require very little maintenance.

2.7 Monitoring and follow-up

The impact of the control measures on the vector and disease situation should be
continuously monitored. Data such as vector densities (adult and larval) and disease inecid-
ences, as selected by the entomologist and the epidemiologist, may be used as bases for
evaluation. Corrective measures should be introduced if the evaluation results indicate that
the measures applied are not providing the desired control.

3. Organization of work

3.1 The executing body

Small and simple environmental management jobs can be undertaken by the vector control
staff as part of the control programme. Community participation must be secured because it
ensures acceptability and maintenance of the works, once completed, and also helps to reduce
costs. Some of these jobs can be carried out by the involved communities themselves, with
technical and material support from the vector control service as and when required.

The vector control service may be able to handle certain types of larger-scale work, if
it has an adequate qualified staff and i f support i s available (when required) from other
departments such as public works, irrigation and drainage, etc. For really large-scale and
complex jobs, departments other than vector control where a large and experienced engineering
staff exists would be suitable to take up the executing responsibility. The services of
consulting engineering firms and construction contractors are also resorted to when the size
and nature of the job so justify.

It is seen that the vector control service is directly responsible only for the implemen-
tation of small to medium-scale environmental management jobs. However, for the success of
vector control efforts, it should play a very active promotional and coordinative role in the
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water resources development projects that are undertaken by other departments in order to
ensure that appropriate environmental management measures for vector control are incorporated

in these projects. It must be borne in mind that often large-scale environmental management
measures can hardly be justified on vector control benefits alone. Therefore every attempt
should be made to link such measures with an economic activity (e.g., drainage or filling for

land reclamation, ponding for fish culture, etc.), so that these measures can be justified on
economic grounds in addition to the vector control benefits, and can be financed by funds other
than the vector control allocations.

3.2 Reorientation of the vector control service

At present, environmental management measures are applied only on a very limited scale in
a few operating vector control programmes. Therefore, the experience, expertise, services and
facilities available with existing programmes in the environmental management field are also
very limited. The introduction and expansion of these measures should thus be in stages in
order to prevent any undue interruption in the normal running of the programme.

The most practical approach is to begin with the training of staff and the organization
of pilot operations to assess the operational feasibility, cost/effectiveness and other
implications of applying the various environmental management measures as part of the
programme. At a later stage, the vector control service must be suitably reoriented towards
the integrated use of these measures.

3.2.1 Training of staff

The staff of vector control services need to be conversant with the various environmental
management methods and with the techniques and equipment required to apply them so that they
will be able to plan operations incorporating these methods i n an integrated control strategy.
Senior officials of national services who will be potential trainers in their respective
countries should benefit from international seminars or workshops on environmental management
for vector control or on integrated vector control. After such training, these persons should
organize national courses for their own staff. This manual could be used as an important
reference document in both the international and the national training courses.

3.2.2 Pilot operations

Pilot operations should investigate the feasibility and implications of various environ-
mental management methods and their cost/effectiveness under different field conditions, and
develop appropriate operational procedures and practices for an integrated field application
of all methods.

In the selection of sites for pilot operations, priority should be given to areas where
environmental management measures are most needed (e.g., areas with vector resistance problems,
development projects, and urban situations), and arid areas where these measures are most
cost/effective. The operations should be extensive enough and cover as large an area as
necessary to allow conclusive assessment of the results. They should be properly planned and
implemented; the relevant procedures, as suggested in section 2 of this Chapter, may be found
useful.

A duration of 2-3 years may be necessary for pilot operations, but some preliminary
results mey be available for application even after the first year." Pilot areas can also be
used for the practical training of staff.

3.2.3 Organizational reorientation

The vector control service needs to be appropriately reorganized in relation to its new
activities, notably (a) the planning and application of environmental management measures as
an integral component of the control strategy, and (b) the maintenance of closer coordination
and collaboration with other health sectors and with agriculture, irrigation, public works

1 O S
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and other development projects, It may be necessary to create a new division or section
within the service to deal with this new area of activities, and most of the retrained staff
can then be absorbed in this division or section which should be headed, ideally, by a sanitary
engineer.

The reorientation should be very carefully planned and should be implemented i n conson-
ance with the gradual change of emphasis towards the environmental management measures that
have longer-term effects. The reorganization of the service should also take place in the
provincial and field levels.

While building up its technical capability, the vector control service should also
gradually build up its stock of equipment for carrying out simple environmental management
works and for their maintenance.

3.3 Application of environmental management measures i n new programmes

In new vector control programmes, environmental management should be taken into considera
tion from the beginning of surveys and planning and at the time of formulating an integrated
control strategy. During reconnaissance surveys, attention should be given to the identifica-
tion of suitable areas for environmental management operations. Data on topography, hydrology
and geology should be collected along with epidemiological and entomological information, to
allow the planning of environmental management measures as part of the control strategy (see
section 2 of this Chapter). The vector control service to be established should include a
suitably staffed unit responsible for environmental management.

Normally, vector-borne disease control programmes aim at an initial sharp reduction in
disease prevalence and transmission. This can be achieved through the application of insecti-
cides, or through chemotherapy, both of which have the advantage of producing quick results.
It is therefore reasonable that reliance should be placed on such measures during the early
stages of a control programme, and the environmental management methods should gradually be
allowed to take over the consolidation and maintenance of the gains in the following years.

It must be noted that the environmental modification measures usually take time to be
implemented and need specialized expertise. It may be necessary to introduce these measures
at the beginning of the programme, so that they will become effective in due time.

3.4 Community participation

It i s recognized that in the implementation and maintenance of environmental management
works for vector control much can be achieved through community participation. Eforts to
enlist the cooperation and participation of the people are unlikely to be effective, however,
unless the proposed actions are closely related to their real needs and concerns.

The needs of a community usually cover several sectors, including health, and the
priorities vary from one community to another. It has been observed that the general popula-
tion is appreciative of the integrated approach of primary health care, in which vector-borne
disease control is an essential element i n combination with other health and social services.

The following steps may be suggested for promoting community participation:

(a) Carry out surveys (i) to study the attitude of the population towards health and disease
in general and towards vector-borne disease control in particular, (ii) to obtain information
on the existing community infrastructure and community leaders, and (iii) to identify the
priority health needs of the community.

(b) Design the technical programme to meet the real needs and concerns of the people, and
translate it into terms which make sense and are within the capability of the population for
implementation.
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(¢ Jointly with the comunity | eaders, prepare a practical plan of action, specifying in
detail what is to be done by the popul ation, and in what way it is to be done, taking into
account the existing community infrastructure.

(d) Wirk out a plan for the provision of incentives, if desirable and feasible.

(e) Jointly with the community | eaders, educate the popul ation by informng themof the plan,
convincing themof its relevance to their needs and ensuring their active participation.

(f) Help the community to organize and inplenent the planned activities, and fol | ow up and
naintain the spirit of commnity participation.

It should be borne in mnd that a programre i nvol ving community participation can succeed
only if the popul ation concerned are sufficiently well prepared so that they will demand
action, they are ready to take part in or even carry out the work by thensel ves, and they are
willing to preserve the gains achi eved through the action taken by proper naintenance.

35 Prinary health carer

Primary health care (PHC) is a systemdesigned to attack comunity heal th probl ens
through pronotive, preventive, curative and rehabilitative actions, as required. The PHC
approach forns an integral part of the country's health care system(of which it is the key-
stone), and of the overall social and economc devel opnent of the nation and the community.

Vect or - borne di sease control is one of the functions of primary health care and environ-
nental nanagenent measures for vector control are practicable at community |evel by the
comuni ty menbers. The vector control programme shoul d therefore take all possible steps to
ensure the integrationin prinary health care activities of environmental nmanagenent neasures
for vector control.

4, Desi gn and construction hints

4.1 Calculationof earthwork for filling

For very small filling jobs, it nmay not be necessary to estinate the anount of earthwork
i nvol ved. For medi um si zed j obs, an approxi nate estinati on of the quantity of the filling
material required is useful. For large-scalejobs, greater accuracy and nore extensive |and
neasurenent will be required.

In theory, the following fornula gives the volume of fill:
V = Adm

where Vis the volunme of the depression to be fiIIed(mS),

Ais the surface area of the pond (mz), and

dmis the mean depth of the pond (M
To apply the above formula, the surface area and the nean depth of the depression wll
need to be known. As all natural |and depressions are of irregular shapes and depths, the
difficulty in determning these two neasurenents, in particular the latter, to a high degree

of accuracy is obvious. Methods for obtaining approxi nate values for snmall to nedi um sized
jobs are described in sections 4.1.1 and 4.1.2 bel ow

2 see also: Anma-Aa 1978.  Pri nary health care. Geneva, VWrld Health QO ganizati on,
1978 ("Health for A11"™ Series, No. 1).
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The actual volume of earth required for filling the land depression will be more than
that calculated since allowance must be made for subsidence, shrinkage and compaction. It
may be assumed that the quantity of material actually required will vary from 1.1 times the
calculated volume (for coarse-textured sandy soil) to 1.4 times (for fine-textured clay-loam).

4.1.1 Determination of the area of the top surface of a land depression

(a) In the case of a small, rounded or egg-shaped pond, two field measurements will be
sufficient for determining its area with adequate accuracy: one on its major axis or the
longest possible measure, a, and the second at right angles at the widest section, b (see
Fig. VII-1). The pond should be small, say 20-25 m in length, so that it can be traversed by
a measuring tape without excessive sagging.

The surface area (A) may be calculated with the following formulaz A =% = ab

WHO 811087
Fig. VII-1. Measurements for calculating the surface area of a
small pond. The areawill be close to % = ab.

(b) In the case of an irregular pond, the following are the steps to take the field measure-
ments and to calculate the surface area:

Field measurements

Step 1. Mak a rectangle that encloses the pond which i s considered as an irregular
polygon.

The marking of the rectangle on the ground i s usually made by driving stakes at the
corners and, if necessary, at intermediate points. A tightly stretched cord tied to the
stakes forms the sides of the rectangle. Provided that the angles at the corners are right
angles (90°) and the parallel sides are equal, the direction, location and length of the sides
are arbitrary; in this way, the most convenient ground (flat and unobstructed) can be chosen
for the rectangle.

Step 2. Measure the perpendicular distance (or the shortest distance) from each vertex
(or corner) of the irregular polygon to the nearest side of the established rectangle. A
simple method for marking out right angles is described in section 4.1.1.1 below.

All measurements are taken either along or at right angles to the sides of the rectangle.
In most cases the two longer sides of the rectangle are used, but when distances from the
pond periphery to these sides i s too long, the two shorter sides can be used likewise. |If
the ground i s thickly covered with vegetation, it should be cleared beforehand.

Step 3. Keep a record of the measurements, supplemented by a sketch.

Fig. VII-2 shows the measurements needed for plotting the outline of an irregular pond.
From the vertices, or points where the perimeter changes direction abruptly (A, B, C, etc.),
perpendiculars are marked out to the nearest side of the rectangle and their lengths are
measured (aj, bj, Cy» etc.). The distances between the perpendicular lines (al, by, c1, etc.)
are measured at the same time. |In practice it is easier, and the risk of error is less, if
the measurements along the side of the rectangle are taken with the zero mark of the tape




fixed at the corner stake, so that the measured distances are aj, (a1+b1), (a1+b1+cl), etc.
These two sets of measurements form what is known i n geometry as a system of rectangular
coordinates, and they are used i n plotting the outline of the pond on paper.

L~ The actual
boundary
of the pond

[The inscriber,
irregular
polygon

(0] WHO 811088

Fig. VII-2. Measurements needed for plotting the outline of
an irregular pond.

The measurement of the perimeter of the pond from vertex to vertex (AB, BC, CD, etc.)
will provide a means for checking the accuracy of the other measurements, when these are
plotted on paper.

The measurements are usually taken with a steel or cloth measuring tape, 30 to 50 m long.

A pair of straight rods or staffs, about 2 m long with a pointed end, are used to align
the intermediate points. These rods can also be used for reaching muddy edges if the end-ring
of the tape can be hooked to a screw at the end of the rod. Lightweight pipes also make good
measuring rods. Stakes used for marking the rectangular frame should be about 5 x 5 anin
cross-section, straight, and long enough to be easily visible; this is particularly necessary
in ground that is covered with high grass.

Calculation of the surface area

Step 1. Plot to scale the outline of the pond on paper.

The drawing of the shape of the pond on paper is done by first plotting the coordinates
of each point (or vertex) on a suitable scale with reference to two perpendicular lines or
axes drawn on the paper. Then connect the adjacent points and the resulting polygon will
represent the pond. The measured distances of the sides of the polygon (AB, BC, CD, etc.) can
nov be used to check the accuracy. Should any gross discrepancies be found, both the paper
plotting and the field measurements should be reviewed in order to discover the mistakes.

Step 2. Calculate the area.
Once the perimeter of the pond is drawn on paper, it iS possible to determine the area

enclosed by the polygon i n several ways. One method is to divide the polygon into triangles
and to calculate the areas of the triangles by using an appropriate formula. Anillustrative
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example of this method is given below. Descriptions of other methods2 may be found in text
books on surveying.

Example: Calculate the area of the polygon as shown in Fig. VII-2
by dividing it into triangles.

(1) Divide the polygon into triangles (see Fig. VII-3).
(2) Using a side of the polygon as base, draw the height of each triangle.
(3) Measure the heights of the triangles from the drawing.
(4) Calculate the areas of the triangles using the following formula:g
A = %bh, where A is the area, b the base, and h the height.

(5) Add up the areas of the individual triangles to obtain the area of the polygon.

WHO 611069

Sides of polygon, actually measured in the field.
e - = Supplementary sides of triangles.

— — — — Heights{h) of triangles, measured from drawing.

Area of a triangle A = %bh, where b is the base and h is the height.

A1 = Area of Triangle (D; A2 = Area of Triangle @; etc.

Al =% 335 mx 270 m= 452 mg A5 = % 6.50 mx 400 m= 13.00 m%

A2 = 5535 mx 290 m= 7.76 m A6 =% 255 mx 430 m= 5.48 m,

A3 = 45485 mx 475 m= 1152 m A7 =%390 mx 330 m= 6.44 m,

A4 = 5290 mx 575 m= 834 m A1+A2+A3+ +A7 = 57.06 m
Area of the polygon = A14A2+ ........ +A7 = 57.06 m2

Fig. VII-3. Calculation of the area of an irregular polygon by dividing it
into triangles.

2 Other methods include: (a) dividing the polygon into strips of equal width and _
calculating the area using either "the trapezoidal rule" or "Simpson's rule"; (b) calculating

the area by using coordinates of the vertices; (c) measuring the area from the drawing using
a planimeter.

b Another formula for calculating the area of a triangle A is A = ¥s(s-a)(s-b)(s-c)

where a, b and ¢ are the three sides of the triangle and s = %(a+b+c).
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4.1.1.1 Marking out right angles on the ground

To take field measurements for determining the surface area of a pond (see above), it may
be necessary to set out a perpendicular to a line from a point outside it. Two simple means
for achieving this are described here (see Fig. VIlI-4).

A cord is tied to form a loop of 3.6 m; three markers are fixed so as to divide the loop
into three portions of 0.9 m, 1.2 m and 1.5 m which correspond to the two sides and hypotenuse
of a right-angled triangle. The markers could be knots, coloured cotton or rings firmly
secured; small rings have the advantage of producing sharp angles when pulled to stretch the
cord. To set out a perpendicular to a line from a point outside it, a cord is tied to a peg
at the point and stretched towards the line. Ore of the sides of the triangular loop i s made
to coincide with the cord from the outside point and this cord i s swung sideways until the
other side of the triangular loop coincides with the line.

Another method of marking out a perpendicular is to stretch a cord from the outside point
and mark the two points where it intersects the line. The perpendicular will pass by the mid-
point between the two marks on the line (see Fig. VII-4).

tThe point AThe point
i /1
\ \ // \
\ \ / \
\\ \ / \
\ P
Triangular 4}\) L/ \\L
loop N\ Vo / \
b=12m /\\ \ // \
c=15m {
-~ ././\ :/ﬁ\ The line [ 2 _2( \

WHO 811090 'I' =
a=09m L%

Fig. VII-4. Procedures for marking out a perpendicular to a line.

4.1.2 Determination of the mean depth of a land depression

Field measurement of the depths at different locations in the land depression is
necessary in order to determine the mean depth. Given the irregularities of natural depres-
sions, it is obviously difficult to obtain an accurate figure. In principle, the larger the
number of field measurements, the greater the accuracy will be.

It i s suggested that for the field measurement of the depths, two perpendicular axes
should first be established, one in the direction of the length of the depression and the
other in the direction of the width. Ideally, the axes should cross the deepest areas of the
depression. The depths will be measured along the axes at suitable intervals, depending on
the degree of accuracy required (see Fig. VII-5). Additional measurements may be made at
random i f desired.
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®
at 1 m intervals

|
?
R S

R

axis

WHO 811091

axis

© Depth measurements along long and short axes

® Depth measurements at random

Sum of depth measurements
Number of measurements

Mean depth =

Fig. MI-5 Field measurements of depths of a land depression.

In case the land depression has distinct sections of different depths, the depression
shoul d be divided into shallow and deeper parts for the calculation of surface area, mean
depth and volume. This is illustrated in Fig. MI-6.
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Part 1 | Part 2 .- Part 3
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SECTION A — A

Fig. VII-6. A land depression having distinct sections of different depths
should be divided into separate parts in the calculation of
surface area, mean depth and volume.

If the depression is not filled with water, the depth can be determined by levelling (see
section 5.2 below). In the case of a pond, sounding® will be needed to determine the depths.

4.2 Velocity of flow in open channels

Perhaps the most frequent request put forward by health officials to engineers and
deS|gners of irrigation systems is to increase the water velocity in canals and drains. This
matter i S crucial as on it primarily depends whether the malaria mosquito can lay eggs or the
schistosomiasis snail can settle and multiply.

The water velocity i n open canals depends on three factors: the hydraulic gradient, the
geometry of the cross-section, and the roughness (or smoothness) of the channel surface.

The hydraulic gradient (S) is the loss of energy per unit length as the water flows in
open or closed conduits. In canals it corresponds to the slope of the surface of the moving
water, which is roughly the same as the slope of the canal bed when measured between two
distant points.

a For sounding in a small pond, the water surface is used as a reference. A rope with
knots to mark the metres and coloured graduations at 10 an intervals can be used to measure
the water depths at different points of the pond. The water depths must first be adjusted to
the final ground level of filling to calculate the earthwork required.
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The geometry of the cross-section is expressed by the hydraulic radius (R), also known as
the hydraulic mean depth, which is the ratio of the cross-sectional area (A) to the wetted
perimeter (W.P.). Fig. VII-7 illustrates how the hydraulic radius changes for canals of the
same cross- sectional area but with different geometry (shape) of the cross-section.

l N — 2m
im ]
. 2m———— - im—
RECTANGULAR SECTION RECTANGULAR SECTION
A=2 m2 A=2 m2

WP =2+2+1=5m
R=2=0,400m
5

WHO 811093 SEMI-CIRCULAR SECTION
2
A=1;3=2m2 A=rx1128%: 2=2m
WP =1414 x 2+ 1 = 3.828 m WP. = ax 1.128 = 3544 m
2 2
= = = - = 0.564 m
R=33555-0°%2m R = 3547

Fig. VII-7. Values of hydraulic radius for canals of the same cross-section
but with different hydraulic shape.

The roughness of the channel surface influences water velocities because of the resistance
it presents to the flow. It depends on the nature of the material that forms or lines the
channel as well as the condition of the channel. It is usually expressed in terms of a
coefficient, which is called the coefficient of roughness (n). Obviously an unlined earth
canal has greater roughness, i.e., a higher n value, than a concrete-lined canal, especially
when the former i s infested with vegetation growth.
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Several formulas have been devised to express the relationship between the velocity of
flow i n an open channel and the three influencing factors described above. The Manning formula
is commonly used and is presented below for easy reference:

v =%x R2/3 X 51/2

where V = mean velocity (m/sec)

R = hydraulic radius (m) = cross-sectional area of water
prism divided by wetted perimeter

S = hydraulic gradient

n = coefficient of roughness; values of n for different
channel linings are shown in Table VII- 1.

Graphical solutions of Manning's formula can be obtained by the use of a nomograph as
shown in Fig. VII-8.

Once the mean velocity (V) is obtained, the rate of discharge or the carrying capacity
of the canal @Q in m3/sec) can be calculated from the formula Q = AV, where A i s the cross-
sectional area of the canal in m2.

As can be seen from Manning's formula, there are three ways to increase the mean velocity
in an open channel: by reducing the roughness, by increasing the hydraulic radius, or by
increasing the hydraulic gradient.

As regards hydraulic radius, the most efficient of all possible hydraulic shapes of a
canal section is a semicircle, open at the top and flowing full. The best polygonal section
i s one circumscribed about a semicircle; the greater the number of sides, the greater the
efficiency. Hydraulic efficiency is of importance chiefly as a means of reducing the size and
the cost of the waterway for a given carrying capacity on a given slope. However, this
theoretical approach often conflicts with practical factors that have a greater influence on
construction costs, notably the easiness and convenience of working.

The hydraulic gradient of a canal depends on the topography of the land, and therefore
its manipulation is subject to considerable practical limitations. First, many large irriga-
ted plains are rather flat, thus offering little possibility for manoeuvring. Secondly, the
design engineer is interested in keeping the water at the highest possible elevation so as to
command the largest area for irrigation and therefore locates the canals along the highest
terrain and gives them the minimum slope that i s compatible with the prevention of silt
deposition. It must also be noted that the velocity varies with the square root of the slope;
this means that doubling the slope will only result in a 41%increase in velocity.

It is clear that the practical way to increase the flow velocity is to reduce the rough-
ness of the canal surface. This can be readily achieved by canal lining. Lined canals will
not only increase the velocity but will also tolerate a higher velocity. Canal lining has
been dealt with in section 6 of subchapter I1IB.




Table V-1, Manning's coefficient of roughness (n) for unlined and lined canals.

Surface conditions Value of n
Unlined canals
Smooth natural earth canals, free from
weed growth, little curvature. 0.020
Small canals in good condition . 0.025
Earth canals with considerable aquallc
weed growth 0.030-0.035
Earth canals with thick aquallc weed
growth 0.040-0.050
Rock canals — main canals 0.030-0.035
— small canals 0.035-0.040
— smooth and uniform 0.025-0.040
— Jagged and irregular 0.035-0.050
Lined canals
CEMENT CONCRETE
— exceptionaly good finish (rare) 0.011
— very well-finished linings . 0.013
— well-finished for straight canal reaches 0.013
— worldwide adopted value for well-
finished linings . . . 0014
— worldwide adopted value for aver-
age finished linings . .o 0.015
— widely adopted value for poor finish
or for curved reaches (France). . . 0.017
— poorly finished, badly maintained
canals . 0.018
ASPHALTIC CONCRETE
— machine placed . 0.014
-- smooth . 0.014
— rough 0.017

Surface conditions Value of n
Lined canals (cont’d)
SOIL-CEMENT
— well-finished 0.015
—- rough 0.016
CEMENT MORTAR (hand finished)
—- normal 0.013
maximum 0.015
SHOTCRETE (Gunitz)
— normal 0.017
0.018
maximum 0.019
0.023
PRECAST CONCRETE BLOCKS (dlabs) . 0.015-0.017
PRECAST CONCRETE FLUMES . 0.012-0.016
BRick
— brickwork in cement mortar 0.013-0.017
— exposed brick surface (design figure) 0.0146
—- exposed brick surface (actual mea-
sured value) . . . 0.018
STONEWORK 0.018-0.0225
DRY RUBBLE MASONRY . 0.023-0.035
EXPOSED PREFABRICATED ASPHALT MATE-
0.015
BURIED MEMBRANE AND COMPACTED EARTH
LINING
-- smal canas 0.025
— large canals 0.020-0.0225

761
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Fig. QII-8. Nomograph for the solution of the Manning formula
(metric units)
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4.3 Drainage ditches

4.3.1 General hints
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Ditches dug by hand up to 40-50 an depth may be as narrow as 25-30 an. However, should
a greater depth be needed, the width of the ditch will also have to be increased. This
increase is to provide sufficient shoulder room for the labourer, as he will have to stand on

the bottom of the trench to work.

A flat bed of 50 an width may make it possible for digging

to about I m depth. Thus, for small drainage jobs, the size of the ditch is determined more
by the size of the digger than the carrying capacity required of the ditch.

In malaria control operations,

it is frequently desirable to use a ditch with a narrow

bottom width or a V cross-section, so that during low flow periods the flow will continue
within the narrow cross-section without becoming a meandering channel at the bottom where

mosquitos could breed. However,
a bottom width equal to or greater than the depth.
of hydraulic efficiency (see section 4.2 above).

ditches are shown in Fig. VvII-9.

for large-scale drainage projects, the ditches usually have

This is primarily based on considerations
Two typical cross-sections of drainage
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Fig. VII-9. Two typical cross sections
of drainage ditches.
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The side slope of a ditch depends largely on the type of soil involved. Fine grained
soils, such as clay, will tolerate a much steeper slope than the coarser textured soils. Even
for clay, a side slope steeper than 1:1 i s not recommended (except for very small ditches)
because of the tendency of a ditch bank to "slide in"™ or "cave-in" after becoming wet. In

coarser textured soils a 2:1 slope may be advisable, and very sandy soils may require slopes
of 3:1.

The grade (or gradient) of a ditch is to a great extent dictated by local topographic
conditions, i.e., the available fall (difference in elevation) and the general ground slope
in the area concerned. The grades used for drainage ditches range from 0.0005 to 0.006,
i.e., 0.5mto 6mfall per 1000 m length.

The flow velocity in a drainage ditch is usually designed to avoid either undue erosion
or excessive silting. It therefore depends largely on the soil texture if unlined, or on the
type and material of lining if lined. Very soft soil or sand may erode with velocities less
than 0.3 m/sec, while firm soils may tolerate velocities of 1.5 m/sec. Under average
conditions, velocities of 0.3-0.9 m/sec have proved to be satisfactory (see Table VII-2).

As the flow velocity is greatly affected by the ditch gradient, it is often difficult to
obtain a reasonably high ditch velocity in flat land. Where the desired fall is not available,




the flow will be sluggish, and silting and the growth of aquatic vegetation will usually be
increased, thereby requiring more maintenance.

Table VII-2. Maximum velocities that are safe against erosion

Mean velocity

Type of soil (m/sec)

Very fine loose sand 0.23-0.30
Fine loose sand 0.30-0.45
Coarse sand or light sandy soil 0.45-0.60
Average sandy soil 0.60-0.75
Sandy loam 0.75-0.85
Average loam, alluvial soil,

volcanic ash 0.85-0.90
Firm loam, clay loam 0.90-1.15
Stiff clay soil, ordinary

gravel soil 1.20-1.50
Coarse gravel, cobbles, shingles 1.50-1.85
Conglomerates, cemented gravel,

soft slate, tough hard-pan, soft

sedimentary rock 1.85-2.45
Hard rock 3.00-4.50

In steep terrain, "drop structures™ will be required to dissipate the energy due to the

flow and to avoid having a ditch grade resulting in velocities above the safe limit for the
local soils that would cause erosion, collapse of the banks, scouring of the bed and other
damage.

For the drainage of large areas, the cross-sectional area of a ditch i s determined on the
basis of the carrying capacity required and the flow velocity. The latter, in turn, depends
on the gradient available. The shape and dimensions of the ditch cross-section are usually
fixed by taking into consideration the desired side slope, the hydraulic efficiency, and the
convenience for work. Examples showing the procedures for designing drainage ditches are
given in section 4.3.2 below.

To facilitate excavation, stakes about 1 m long are placed at regular intervals of about
30 m along the proposed alignment to mark the centre line of the ditch. Elevations of the
ditch bed at each stake are computed and the stakes are marked to indicate the constant height
above the ditch bed. The equally spaced stakes can also be used for work distribution, so
that each labourer gets an equal task. In short ditches, 50-100 m long, these stakes are
enough for guiding the excavation of the ditch; for longer ditches the use of frames, as
explained in subchapter II1E, section 5, is indicated.
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Before the ditch is excavated, a strip of land about 2 m wider than the top width of the
ditch should be cleared of thick vegetation, rocks and other obstacles.

It is a good practice, particularly when employing unskilled people, to first dig a
shallow trench, check the correctness of the slope and then proceed to the definitive ditch
depth. A way to check the uniformity of the slope is to pour in a few buckets of water and
observe if it runs evenly along the whole ditch.

So that the labourers may work on dry ground, a few metres of the ditch on the pool side
are the last to be dug; when the ditch is finished and the slope has been checked for even-
ness, the earth that holds the water in the pool is removed gradually. As the water rushes
through the ditch it washes away any obstruction in its course.

The spoil banks of a ditch should be moved back from the edge so as to leave a "berm"2
that i s sufficiently wide to prevent the rainfall from washing the spoil back into the ditch
as well as the weight of the spoil from causing the caving-in of the supporting bank. Alter-
natively, the spoil may be spread over a wider area to reduce its height and the corresponding
unit area pressure on the supporting ditch bank; in this case, the wider spoil bank should be
graded so that the rain which may fall upon it will run off the outside rather than towards
the excavation. Smoothing the top of the spoil bank, while the recently excavated earth is
still soft, involves only a little extra labour and may greatly facilitate any subsequent
inspection or spraying of the ditch since the inspectors or spraymen can walk easily and
quickly down the graded spoil bank instead of stumbling along a rough, overgrown unfinished
bank.

Where the ditches run across a slope rather than down the fall line, the spoil should be
placed on the downgrade side i n a continuous pile, particularly where the ditch line crosses
low areas, to serve as a levee during the times when the normal capacity of the waterway mey
be exceeded by flood flows. If the spoil bank must be placed on the upgrade side, openings
should be left in it at intervals so that the runoff from higher land will not be trapped
behind the spoil.

4.3.2 Design of drainage ditches: some examples

The following examples are worked out using Manning's formula in calculating the flow
velocity in the drainage ditch. See section 4.2 of this chapter for details of Manning's

formula.

Example 1. A pond, 0.40 m at the deepest point, contains 80 m3 of water which is a mosquito
source. From the levelling work it is found that the water can be discharged into a stream
300 m away and that the fall in elevation from the pond bottom to the water level in the
stream i s 0.10 m. Design the drainage ditch.

Step 1. Assume the ditch in cross-section is 0.3 m wide with 0.4 m water depth and
0.55 m overall depth (see Fig. VII-10). This is practically the smallest "workable™ section

for hand-dug ditches.

2 see Fig. VII-9. The berm should have a slight fall towards the ditch to prevent
ponding after floods.
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Fig. VII-10. Example of the procedure for
designing a drainage ditch.
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Bed of the ditch 0.10mA
0.10mA
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Cross-section
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Step 2. Calculate the carrying capacity of the ditch by the use of Manning's formula as
follows:

(1) When the pond is at full depth:
2
the cross-sectional area of the ditch, A = 0.3 x 0.4 =012 m

the wetted perimeter, WP. = 04 + 0.3 +04 = 1.1 m

R=-A =012
WP 1.1

the hydraulic gradient, S = '0-4360E = geg = 0.00167

the hydraulic radius, = 0.109 m

the roughness coefficient for unlined earth canal, n = 0.025

1/2
the mean velocity, V = % x RZ/3 x 8 = (W;‘Z—S P 0.1092/3 x 0.00167

0.373 m/sec

1/2

2 3
average rate of discharge Q = AV = 0.12 m x 0.373 m/sec = 0.0448 m /sec




(2) When the pond is drained to half depth:

03 x02 =006 m: WP =02 +0.3+02=07m

A =

R:\/%J%;o.osw m

s = 2222:1 - 0,001

R 0.0857%/3 x 0.00112 = 0.246 m/sec

AV = 0.246 x 0.06 = 0.0148 m3/sec

L
]

(3) When the pond is almost totally drained:

A=0,V=0and Q=0

(4) Average Q = %‘ (0.0448 + 0.0148 + 0) = 0.0199 m3/sec

(5) Approx. time to drain the pond = 0—3%93+ 60 + 60 = 1.12 hours
(6) It will be noted that, with a ditch of the smallest practicable cross-section,
a rainfall pond will be drained in alittle over an hour, while the water could

be stagnant there for 7-10 days® without creating mosquito breeding problems.

It i s thus clear that for the drainage of small unfed (surface or ground water)
water collections, there would be no need to calculate the ditch size; any ditch
that can be conveniently dug would be more than sufficient for the purpose.

low and enclosed topography. A stream is about 10 km away and has a high-water level about
8 m below the lowest point of the valley. The watershed area contributing runoff to the
valley is 75 hectares. Protection is desired against a rainfall of 130 mm/hour, for a dura-
tion of 1% hours. Design the drainage ditch.

Inundated after storm b 10kM———
Village
) .I.
/ 7——-— — //' X s
Depression 4 Z . 8m ////////1 _///////////II/II//. tream
+ N » W0 811096

Lowest point

2 |n this example, it is assumed that the local anopheline vectors would require
approximately 2 weeks to develop from the egg to the adult stage.

Example 2. A village located in a valley gets flooded after heavy rains because of its rather
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Step 1. Calculate the volume of water to be drained. An approximation of the runoff
from a small drainage area such as the one in this example can be made using the " rational
method", which i s expressed by the formula Q' = LA

3 360
where Q' = runoff in m~/sec;
C = runoff coefficient representing the ratio of the rate of
runoff to the rate of rainfall. The value of C ranges

from 0.10 for flat areas and high pervious soil to 0.40
for small agricultural watersheds in rolling countryside
to 0.95 for city pavements and roofs;

I = rainfall intensity in mm/hour;

A = watershed area in hectares.

1 3
360 * 0.4 x 130 x 75 = 10.83 m /sec.
For a rainfall duration of 1% hours, the total volume of water to be drained is

10.83 x 1.5 x 60 x 60 = 58482 mS3,

Thus, Q'

Step 2. Design the cross-section of the ditch. For mosquito control purposes, this
volume of water can be drained in say 7 days& without creating mosquito breeding problems.
Thus the required rate of discharge :

58482

3
Q= 7 x 86400 0.0967 m™/sec

Assume an unlined earth ditch of the following cross- section:

siope 1 to 1
‘——0.4m~~—>1<—0.4m——~>§<—0-4m———’4
WHO 811097
A= L2 20.4 x 0.4 = 0.32 m®; WP. = 05657 x 2 + 0.4 = 1.5314 m
A 032 55000 m ge-8 -

R=@Wp ~153t4 ' S = o000 = 0-0008
n = 0.025
V= % x R3¢ 12 ﬁg x 0.2090%/3 % 0.00081/2 = 0.3984 m/sec

Q = AV =0.32 x 0.3984 = 0.1275 m3/sec

which is slightly greater than the required rate of discharge and therefore should
usually be satisfactory.

2 |n this example, it is assumed that the local anopheline vectors would require
approximately 10-14 days to develop from the egg to the adult stage.
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If the soil is such that the sides of the ditch can be vertical, perhaps a hand-dug ditch
of a rectangular section (0.6 m wide x 0.5 m deep) would provide a simpler solution.

2 0.30
A—0.5x0.6—0.30m,R=m=0.1875m
1 2/3 1/2 _
V= 5025 ¥ 0.1875 x 0.0008 = 0.3706 m/sec
_ ] Q = AV = 0.30 x 0.3706 = 0.1112 m>/sec.

f-————0.60m——»
However, if drainage is required for crop protection, the accumulated water will need to
be removed say in 2 days, instead of in 7 days as required for mosquito control alone. A
much larger ditch will be needed as shown by the following calculations:

(@) If unlined (n = 0.025):

. . _ 58482 3
The required rate of discharge = > = 86400 0.3384 m~/sec
e
— —— ——— —0.5bm .
Y ; siope 1 to 1
L - 0.80m—~4—’1 VD8 11098
A = 0.7425 m2
R=0.3152m
V=1 x 0.3152)%3 x (0.0008)1/% = 0.5240 m/sec
0.025
Q = 0.3890 m3/sec

(b) If lined by brickwork (n = 0.015):

§ /A =0.500 2
— R = 0.2612 m
pem ve—L_y 0.2612)%" x (0.0008)/% = 0.7705 mhec
| = 0.015 * : .

}
'slope 1to0 1

AV = 0.3853 m>/sec

L— 0.5m — =] WHO 811099
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Example 3. A swamp, fed by three springs, is creating mosquito breeding problems (see sub-
chapter IIIE, section 4.2.3). The maximum yield of each spring is found to be 80 1/sec.
Detailed data on the situation are given in the sketch below. It is decided to completely
dewater the swamp. Design the main drainage ditch and propose measures for improving the
streaml et.

1
Spring 1
°
Drainage Swamp Original bed gradient
ditches Swamp of streamlet

Spring 2 \K

Stream

>}3 Spring 3 S
pring 1 i
Spring 2 Deepened bed gradient
of streamlet
the main
ditch ™ ' e

Profile A — A

_ Streamlet
{about 1 m wide)

Stream

st
WHO 811100
A

If the svamp i s to remain dry after draining, the main ditch must be designed and the
streamlet must be deepened in such a way that they will carry away the water as soon as it
comes out of the springs. Therefore the main ditch should have a capacity of 80 x 3 = 240
1/sec, or 0.240 m3/sec. Assuming that the soil is such that vertical ditch sides will be
stable, the following ditch section will be adequate.

A = 0.40 m°

— _ 0.40 _

———g=—=—- R7G5x2+08 ~0¥%T"

— | —] s = —>_ = 000167

0.5m 3000 I
v e L x0.2222%% ¢ 0.001671/% = 05997 mw/sec
0.075

Q= AV = 0.40 x 0.5997 = 0.2399 m>/sec.
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The streamlet needs to be deepened, in particular, at the junction with the swamp, and its bed
needs to be appropriately graded to a slope of 5/3000. |Its cross-section at any point should
not be smaller than the following: (Note that the original top width of the streamlet is
about 1 m).

A= 949—%—149 x 0.5 = 0.40 m>
0.40 )
R=03msx2+0.6 0238
v =—L_ 4 o0.23852/3 x 0.00167%/2 = 0.6287 m/sec
0.025
Q = AV = 0.40 x 0.6287 = 0.2515 m>/sec.

WHO 811101

4.3.3 Setting an alignment between two points which are not within sight

In case a drain line passes through a mound which blocks the sight between the two
reference points one on each side of the mound, the alignment can be set by a procedure of
successive corrections as explained in Fig. VII-11.

Fig. VII-11. Procedure to set an alignment between
two points which are not within sight.
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PLAN

Point A is not visible from point B and vice versa.
Two men stand in A and B respectively, and two other men move into the intermediate
area so that both can be seen from A and B. The men in A sets his men at Aq;
the man in B moves his men to By so that A; and By are aligned with B.
The men in A moves his men to A, so that B, and A, are aligned with A.
The men in B moves his man to B, so that Ay and B, are aligned with B.
Ard so on until the four men are on a straight line.
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4.4 Improvement of shorelines

When water collections cannot be filled or drained, either because of their large extent
or their useful purpose, it is still possible to modify the conditions that favour mosquito
breeding by certain environmental management works described in subchapter |IIA  These
include vegetation clearance on lake and reservoir shorelines, and the rectification of the
shoreline by cut and fill methods.

To straighten the shoreline it is convenient to begin by cutting the material from the
projecting land where it i s dry and above the water level. This material can be used to form
a levee along the chosen new shoreline to hold the wetter material which i s later on dug and
discharged on the inland face of the levee. The filling will gradually progress from the
levee toward the original shoreline.

The calculation of earth volumes is complicated by the fact that the ground slopes above
and below the water level are usually very different within short distances; added to this,
the wet material shrinks as it dries and much of it is lost when it is carried to the site of
use.

The mud and wet earth used for filling may crack as they dry. When filled with rainfall
or run off, these cracks may allow mosquito breeding.

4.5 Some basic facts about concrete

Concrete is a mixture of water, Portland cement and aggregates. Sand is normally used as
the fine aggregate and gravel or crushed stone as the coarse aggregate.

Concrete has a high compressive strength, compared with its tensile strength. To compen-
sate for the rather low tensile strength, concrete is usually reinforced with steel bars on
that side of the structure component (e.g., a beam or a slab) which is subject to tension.
This i s called reinforced concrete; plain concrete has no reinforcing bars.

The high strength-cost ratio of concrete (plain or reinforced, as the case may require)
is one of its most important advantages and the major reason for its wide use.

As a measure of concrete strength, which increases with age over a long period of time,
the compressive strength at 28 days is commonly used. It is general practice to determine
this strength by testing specimens in the form of standard cylinders made i n accordance with
applicable specifications. A 3000 psi concrete" or a ''200 kg/cm2 concrete" refers to the
compressive strength of the concrete at 28 days after being cast.

Concrete strength is influenced chiefly by the water-cement (w/c) ratio; the higher this
ratio, the lower the strength. In fact, the relationship is approximately linear (see
Fig. VII-12).

For economy, the amount of cement used should be kept to a minimum. Generally, this is
facilitated by selecting the largest-size coarse aggregate consistent with job requirements
and good gradation. The smaller the volume of voids, |less cement paste is needed to fill them.

To obtain a concrete mix of a given strength (i.e., with a given water-cement ratio), the
less water used in the mix the less cement will be required, provided the characteristics and
proportions of the aggregates remain unchanged. However, a concrete mix with too little water
tends to be dry and stiff, and may not have a workability5 suitable for the intended job.

a Workability, in essence, is the ease with which the ingredients can be mixed and the
resulting mix handled, transported and placed with little loss in homogeneity.
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Therefore, the amount of mixing water is governed mainly by the required workability of the
final mix.
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A concrete mix is normally proportioned by weight. For small jobs, however, it is often
proportioned by volume and is indicated shortly by the ratio of cement to sand to coarse
aggregate (e.g., 1:2:4 or 1:3:6) plus the minimum cement content per unit volume of concrete
(cu. yard or cu. m.

For small jobs and where concrete mixers are not available, concrete can be mixed by hand,
but thorough mixing must be ensured. During concrete placement, precautions should be taken
to prevent segregation when it is being transported and dumped into place.

The setting (or hardening) of concrete after being cast is a chemical process which
requires water for hydration. Drying out the concrete after the initial set may prevent
complete hydration and hence reduce its ultimate strength. Exposed concrete surfaces should
therefore be kept continuously moist, usually by spraying or ponding or by a covering of moist
earth, sand, or burlap. This process is called "curing".

Formwork retains concrete until it has set and produces the desired shapes. The contrac-
tors usually wish to remove the forms rather early for quick re-use. While this might be
acceptable in the case of forms on the sides of beams, walls, etc., the forms and supports
under beams and floors should not be removed until the concrete has attained sufficient
strength to carry at least its om weight. Details of formwork for concrete can be found in
various reference books and manuals.2

5. Plane surveying for environmental management works for vector control

The procedures and methods described here do not necessarily represent the only or the
most practical solutions to surveying problems. Depending upon the individual, the results
desired, and the attendant circumstances, other "short-cut" methods may be applicable which
would result in a satisfactory solution with less effort.

a Peurifoy, R.L. Formwork for concrete structures, 2nd ed., Nav York, McGraw Hill, 1976.
ACI manual of concrete inspection, 6th ed., Detroit, American Concrete I nstitute, 1975.
Formwork for concrete, Detroit, American Concrete |Institute, 1973.

—
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5.1 Definitions

5.1.1 Plane surveying and geodetic surveying

The art of measuring and locating lines and angles on the surface of the earth is called
surveying.

When the survey is of such limited extent that the effect of the earth's curvature may be
safely neglected, the term plane surveying is used.

Geodetic surveying takes into account the effect of the earth's curvature as in the sur-
vey of a state or country.

Surveys are made for a variety of purposes, such as the determination of areas, the
fixing of boundary lines, the plotting of maps, and for engineering construction works, high-
ways, railroads, bridges, buildings, irrigation and drainage systems, land levelling, etc.

5.1.2 Measurement of lengths and direction

In surveying, all measurements of length are horizontal or else are subsequently reduced
to horizontal distances. In addition to determining the length of a survey line, its direc-
tion also must (in meny cases) be determined. The direction of a line i s determined with
reference to the direction of a magnetic needle (as of a compass) which possesses the property
of pointing in a fixed direction, namely, the magnetic meridian. This direction i s expressed
in terms of an angle called the magnetic bearing of the line, or simply its bearing. A
bearing reckoned from the geographical meridian is called the true bearing or azimuth and, in
general, will not coincide with the magnetic bearing of the line. The angle between the
magnetic meridian (the fixed direction of the magnetic needle) and the true (geographical)
meridian is called the declination of the needle. For example, this declination varies from
0° to as much as 24° in various locations in the United States and may be either east or west
of the true north depending on the location.

The two principal instruments employed i n measuring distances are the steel tape (of
10-50 m lengths) and a telescope on a transit or level which is equipped with a set of stadia
hairs. In present-day surveying, the electronic distance meter M) is also often used for
large-scale precision jobs.

The surveyor's compass i s the principal instrument used i n measuring the direction of
lines. Mogt transits and some levels are equipped with a compass. The horizontal circle of
the compass is graduated to the degree or the half-degree and numbered from two opposite zero
points each way to 90°. The zero points are marked with the letters N and S and the 90° points

are marked E and W.

The magnetic bearing of a line i s reckoned from 0° to 90°, the 0° being either at the N
or the S point and the 90° either at the E or the W point. The quadrant i n which a bearing
falls is designated by the letters NE SE, SV, or N\W (see Fig. VII-13). The magnetic bearing
of theline OA in this figureis N 610 05" E.

The true bearing of a line is usually reckoned5 from the south point, round clockwise to
360°; thus, a line running due west has an azimuth of 90° and a line due north has an azimuth
of 180°. In Fig. VII-13 the azimuth of the line OA is 242° 15'.

2 Another system of azimuth i s to measure the angle clockwise from the north, instead of
from the south.
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Fig. MI-13. Drection of a line.

5.1.3 Measurement of angl es

After the nagnetic bearings of two lines have been determined by use of the surveyor's
conpass, the angle between the two |ines can be cal culated by addition or subtraction, or a
conbi nation of these sinple nathematical conputations. However, for more accurate results in
neasuring horizontal (and vertical) angles an engineer's transit shoul d be used.

5.1.4 Measurenent of elevation

Alevel surface is really a curved surface which at every point is perpendicular to the
direction of gravity at that point, such as the surface of still water, for exanple. Ay line
of sight which is perpendicular to the direction of gravity at a given point is therefore
tangent to the level surface at that point and is called a horizontal Iine.

The el evation of a point is the height of the point reckoned fromsome zero plane, such
as nean sea level. The planeis called the datumand its elevationis always zero. |f nean
sea level is not known, a datumcan be arbitrarily assumed. This is particularly applicable
for short or linmted surveys which will not have to be "tied in" to an existing or future
survey. For the sake of convenience in recording and |ater interpreting the survey data, the
assuned dat umpl ane (to which surface el evations are referred) should |ie bel owthe | owest
point likely to be reached on the survey.

A bench mark (BM), or sinply bench, is a permanent nark whose el evati on above the dat um
plane is accurately known. It may be a bolt or sinmlar object set into the top of a solidly
fixed stone or sinply a nark on a stone, a tack driveninto a projecting root of a tree, or
the top of some concrete structure such as a cul vert headwall or simlar irrigationworks
structure.




- 209 -

5.2 Levelling

The process of finding the differencein elevation of any two points is called differen-
tial levelling. Levelling for the purpose of deternning the changes in el evation of the
surface of the ground al ong sone definiteline is called profilelevelling. In elenentary
surveying and for nost ordinary surveying problens, the direct levelling method is used.
Trigonoretric levelling is used only in advanced surveying work and takes into account vertical

angl es.

The instrument chiefly used for the direct determnation of differences of elevationis
the level, in conbinationwith the levelling rod. There are three principal types of |evel:
the Wye level, the Dunpy level and the hand |l evel. For nore accurate neasurenents the two
former types are used, the hand | evel being used only when approxi mate | evel s are desired.

The engineer's transit, which has the long | evel attached to the tel escope, is frequently used

for rough levelling.

A commonly used levelling rod is the self-reading type with graduations in either the
metric or the English system The graduationlines are 1 cmwide in the netric systemand
0.01 ft in the English system The rod is graduated fromo0 at the lower end to 3 m(or 7 ft
in the English systen) or higher by extending at its upper end (see Fig. MI-14).
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Fig. M1-14. Levelling rods.
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5.2.1 Levelling procedure

The first step in beginning a survey which involves elevations (vertical distances) is to
establish the first bench mak and record its elevation. The instrument (level or transit) is
firmly set up at a moderate distance from the bench so that the telescope i s somewhat higher
than the bench and commands a full view of a rod held vertically upon it. The instrument is
properly adjusted so that the level bubble stands in the centre of its tube (and the vertical
circle reads zero for a transit) during an entire revolution of the telescope about the
vertical axis. With the instrument so adjusted, the line of sight through the intersection
of the telescope's cross-hairs is known to be horizontal. The rod is held vertically upon
the bench, the line of sight of the telescope is turned upon the rod, and the point on the rod
intercepted by the horizontal cross-hair (reading of the rod) is known to be level with the
cross-hair. Therefore, the cross-hair i s higher than the bench by the distance intercepted on
the rod from its lower end. Adding this distance to the elevation of the bench gives the
elevation (above the datum) of the horizontal cross-hair, or height of instrument (H.I.).

Once the height of instrument has been determined, the elevation of any point lower than
the cross-hair by a vertical distance (not exceeding the length of the rod) is easily ascer-
tained. The rod reading, subtracted from the H.I., gives the elevation of the point above the
datum.

But the elevation of points on ground higher than the cross-hair, or farther below it
than the length of the rod, cannot be determined because in either case the line of sight will
not cut the rod, and hence there can be no reading. To observe such points, the instrument
must be moved to a new position, higher or lower than before, as the case may require, and the
new H. 1. determined.

Before moving the instrument to a new position, however, a temporary bench called a
turning point (T.P.) must be established and its elevation ascertained as for any other point
but with more accuracy. The reading having been taken and recorded for the T.P. (to obtain
its elevation), the instrument is carried forward to a new point and there properly levelled.
A new rod reading is taken on the same T.P. and added to the T.P. elevation for the new height
of the instrument. The elevation of additional points within the vertical range previously
described and within practical horizontal distances from the instrument may now be determined
simply by reading the rod on the points. Readings on bench marks and turning points should
be to the nearest millimetre to ensure the accuracy desired. Elevations on the surface of the
ground will not usually be needed closer than to the nearest centimetre or half centimetre.

To find the height of the instrument, add the reading on a point to the elevation of the
point; and to find the elevation of a point, subtract the reading on it from the height of
the instrument (see Fig. VII-15).

A reading taken for the purpose of finding the height of the instrument i s called a back-
sight (B.S.), and a reading taken for the purpose of finding the elevation of a turning point
or any other point is called a foresight (F.S.). Hence backsights are always plus (+8) and
foresights are always minus (-S). The terms backsight and foresight, as used here, do not
necessarily refer to the directions in which the sights are taken.

5.2.2 Profile levelling

Profile levelling is used for the purpose of obtaining data which indicate the changes in
elevation of the surface of the ground along some definite line, and from which a profile or
vertical section may be developed, showing in detail the rises and falls of the surface over
which it passes. From such a profile, a grade can be established and design for construction
mey be made. The line is first "stationed"”, i.e., marked at a certain interval, usually every
30 m, by stakes upon which the station number i s written. Surveys for drainage are usually
begun at the lower or downstream end, unless there i s some doubt as to the location of an
adequate outlet in which case the survey would begin upstream and extend to the point of
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satisfactory outlet as determined by the levels. The instrument is set up and the HI. deter-
mined, as previously described. Foresights are then read on as many station points on the
line as can conveniently be taken from the position of the instrument. Intermediate sights
are taken at any points where marked changes of slope occur and the "plus" (+) stations of
these intermediate points are recorded with the rod readings. The instrument is moved forward
as i s necessary and this general process is continued until the end of the line i s reached.

Fig. VII-15. Profile levelling
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The level notes may be kept in any convenient form that is easily understood by the note-
keeper or any others who mey have to interpret them. The development of satisfactory and
workable plans for a construction job depends largely upon the surveying notes and data avail -
able. Table VII-3 gives a form of profile levelling notes.

Table VII-3. Profile level notes
(metric units)

Station B.S. H. 1. F.S. Rd Ground Description
(+) ) elev.
BM. 1 1.460 101.460 (100.000) Nail in red oak
18 m Rt. Sta.
0+ 00
(0] 2.955 98.505
1 1.550 99.910
2 1.495 99.965
+ 20 1.830 99.630
3 1.195 100.265
T.P.
(B.M. 2) 2.295 101.010 2.745 (98.715) Top Rt. D.S.
wingwall hwy.
4 1.765 99.245 culvt. 15 m Lt. Sta.
5 2.075 98.935 3+ 19
6 2.135 98.875
7 2.350 98.660
8 2.500 98.510
9 2.780 98.230
T.P.
(B.M.3) 1.250 100.105 2.155 (98.855) Nail in tp. cypress
stump
10 m Rt. Sta.
10 2.175 97930 9 + 8
11 2.325 97.780
+ 10 2.420 97.685
5.005 7.320

The additions and subtractions made on each page of the notes should be proved before
proceeding to the calculations of the next. When correct, the difference of the sums of the
B.S.'s and F.S.'s on the page equals the difference of the first and |last elevations on the
page, if the last rod reading is shown as an F.S. Thus, in the example given in Table VII-3,
7.320-5.005 = 2.315 = 100.000-97.685.
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In this proof, all elevations except those for T.P.'s and B.M.'s, used as such, and the
last point on the page are ignored.

A line of levels should be checked by connecting with some reliable bench mark, if
possible. Bench marks along the line of levels should be used as turning points, if convenient
or at least check readings should be taken on them in order to detect mistakes.

5.2.3 Establishing grades

By utilizing the level notes, the profile is plotted on profile paper printed for the
purpose (see Fig. VII-16). A horizontal scale of 1 to 1000 and a vertical scale of 1 to 100
are commonly used in road and drainage work. This distortion of scale magnifies the vertical
measures so that slight changes in the elevation of the surface may be distinctly seen on the
profile paper.

A line which is drawn on a profile to correspond to the finished surface of a road, or
the flow line of a ditch or a canal, is called the grade line. Mawy factors must be considered
in designing the grade lines for construction projects and such factors vary widely depending
upon the type of project.

The gradient is the rate of change of elevation in the grade line and i s usually
expressed as a percentage. Thus a 1.7% gradient indicates a rise or fall of 1.7 min a hori-
zontal distance of 100 m. When the grade i s ascending, the gradient is marked plus (+); and
when descending, minus (-). The word grade is frequently used instead of gradient. |In the
example given above, the gradient will be approximately - 0.24% which represents the ratio of
the difference of elevation to the distance between the first and |last stations

(97.685 m - 98.505 m)

340.000 x 100 = - 0.247

5.2.4 Cross-section levelling

In practically all railroad and highway work and for large canals or ditches it is
necessary to run cross-section levels. The data thus obtained are utilized in estimating the
quantity of earthwork required. Cross-sections for this purpose are usually taken at full
station points of the line usually 30 m apart, or more often if the longitudinal slope changes
considerably, and at right angles to the centre line of the proposed road, canal or ditch.

For smaller canals and ditches, through level or flat terrain involving excavation only, cross-
sections are rarely necessary. Under these conditions, earthwork quantities may be estimated
fairly accurately from the profile and grade elevations. The procedure for cross-section
levelling i s similar to that previously described for profile levelling. Rod readings of the
points right and left of the centre line are recorded along with the distances of the points
from the centre line.

5.2.5 Levelling for construction

I n earth-moving operations for highways, irrigation canals, drainage ditches and land
levelling, the established grade upon the final profile of a located line is the basis to
which all construction work must conform. When the desired grade line has been drawn (in the
office) on the profile and its grade or gradient determined, the grade elevation at each
station of the line may be computed. Before construction begins, the proposed work must be
"staked out" with grade stakes at every full station (usually 30 m apart) or more often on the
centre line and at both sides with slope stakes where the finished slope intersects the
surface of the ground (see also section 5.2.4). The amount of the "cut™ or " fill"™ ("cut"
only in drainage work) i s marked on these stakes for guidance i n the actual construction
operations.




Fig. VII-16. Sample plan and profile sheet.
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A common practice in drainage work is to offset the grade stakes either right or left of
the centre line for a mni mumdi stance equal to at |east one-half the bottomw dth of the
proposed drai nage ditch, with the stake extendi ng about 15 cmabove the surface of the ground
The grade stakes then will not be disturbed while "roughing in" the ditch to the grade. Unless
there is considerabl e transverse sl ope of the land along the line, it is not al ways necessary
to mark the cut on the slope stakes - the marking of the grade stake will suffice. Slope
stakes in this case serve only to mark the point of intersectionof the ditch side slope with
the ground line.

For determining the cuts(and fills) inthe field, the level (or transit) is set up and

the HI. is determned fromsome convenient BM in the manner as previously described. The
difference between the HI. and the grade el evation at any given point (from the profile
prepared in the office) is called the rod reading for grade(or sinply grade rod), i.e., the

rod readi ng whi ch woul d be obtained if the lower end of the rod could be held at the given
point on the flowline of the ditch, or finished surface(grade) of the road, as the case may
be. Then the rod is held on top of the grade stake and a reading is taken to the nearest
centinetre. The difference between this rod reading and the rod reading for grade will give
the cut (or fill) at that point, as reckoned fromthe top of the grade stake. The cut (or
fill) is marked on the grade stake which al so has the station nunber narked on the opposite
side. The first stake(station) is nunbered 0 + 00, the second 1 + 00, the third 2 + 00, etc.
When readi ngs are taken at internediate points, the stakes marking these positions will be
nunber ed according to the nunber of netres each lies in advance of the preceding stake, e.g.,
2 + 10 m which nmeans 70 mfromthe first station(30 m+ 30 m+ 10 n.

Table MI-4 illustrates one method of note-keeping in levelling for grade stakes which
indicates the "cut" at the centre line only of a proposed drai nage ditch.

For nost open drains constructed through fairly flat or level terrain, the distance from
the centre line to the point of intersectionof the side slope with the natural ground surface
is equal to half the ditch bottomwi dth plus the centre line cut multiplied by the slope, the
sl ope being the inclination of the side slope expressed in terns of the ratio of the horizon-
tal to the vertical distance fromthe edge of the ditch bottom Thus a slope which rises 1 m
vertically in a horizontal distance of 1.5 mis called "a slope of 1.5 to 1". Slope stakes
are set right and left of each station to mark the points of intersectionwith the ground
Sl ope stakes for adjacent stations nmay be connected by a string line which will provide a
continuous nmark for the intersection of the slope with the ground line.

Dependi ng upon whet her the excavation is acconplished by hand or machine, various nethods
of establishing the grade during construction are utilized. For hand-dug ditches a string
line, set fromgrade stake data, parallel to and at a given nunber of metres above the estab-
lished grade line, will be adequate in checking for the proper depth. Targets consisting of
crosshars(batten boards) at a constant di stance above the grade line serve to guide operators
of machines in digging ditches(see section 5, subchapter IIIE).

This procedure for setting grade stakes is also applicable to the installation of a drain
tile. Atrenchsinilar to that for open drains nmust be dug for the drain tile. However, no
sloping is required and the trench is backfilled after the tiles are laid.

5.2.6 Substitute tools for levelling

The engineer's level is essentially a device by which a person may establish a horizonta
line of sight whose precise vertical distance above a sel ected point of reference can be
determined. Fromthis line of sight, which may be turned towards any conpass direction while
still being held horizontal, downward vertical distances to any point may be measured,
thereby establishing the height relationship of the second point to the first. A resourcefu
vector control worker who understands the principles of differential Ievelling can use
substitute tools to obtain usable though | ess accurate data when a precise tripod- mount ed
surveyor's level (or transit) is not available




Table VI1-4. Level notes for grade stakes

BS HI ] Q ade Q ade

Station (+) el ev. rod

Rod Description

B MI 1.311 101.311 (100.000)

0 98.505 . . Q ound el ev.
98.505

98.435
98.360
98.310
100.453  2.596 (98.715)
98.290
98.220
98.145
98.075

100.025 1.677 (98.776) Top cul vert
HW, Rt. 6 + 10

98.000
97.930
97.855
1.171 (98.855)
97.785
97.710

.685 . . Q ound el ev.
97. 685

Check: 7.648 - 5.333 = 100.000 - 97.685

A hand level (see Fig. MI1-17) is a sinpleinstrunent for |evelling where high precision
is not required. It is handheld at the surveyor's eye |evel while rod readings are nade. The
alidade of a plane-tableset is a good instrunent for neasuring vertical distancewith
noder at e accuracy (see section 53.3.4 below.
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Fig. VII-17. Hand level

Should none of the above-mentioned instruments be at hand, a carpenter's level (see
Fig. VII-18) may be tried following the method described below, but accurate results cannot
be expected from such a rudimentary tool.

Fig. VII-18. Carpenter's levels

When using a carpenter's or a mason's level, apply a corner of the frame to the eye and
use an upper edge as the line of sight. A small mirror may be attached to the top, at such a
position and angle that it will show the reflection of the bubble when the eye i s at the
sighting point.
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The other piece of simple equipment for topographic levelling i s the graduated staff for
measuring the differences in height of points on the ground and elsewhere, from the horizontal
line of sight of the level. For small-scalework, measuring staffs can be replaced by
straight pieces of wood of 4 x 4 an section and 2.1-2.4 m in length. These home-made staffs
are marked with bands of self-adhesive tape in two contrasting colours, one alternating with
the other, to indicate 30 an lengths in the staff. An ordinary plastic or wooden ruler 30 an
long, graduated in millimetres, is fixed to the staff by two rubber bands so that the zero
mark of the ruler coincides with a division in the staff. The man who holds the staff verti-
cally slides a finger along the ruler up or down, according to the instructions of the level-
man, and reads the relevant figure on the ruler. With some practice it may be possible to
take readings at distances of up to 50 m.

An alternative is to try to build and use a "water trough level™ (see Fig. VI1-19). A
trough approximately 1 m long, 7.5 cmwide and 15 an deep i s made of wood or metal, and half
filled with water. To its ends, inside it, are fastened vertically two straight lengths of
wood, about 2.5 x 5 x 90 on.  These must be precisely the same length. The trough i s placed
upon any convenient base and wedged up to be horizontal. The depth of water is adjusted until
its surface just touches the bottoms of both vertical lengths of wood. Since these are
identical in length, and their bottom ends just touch the surface of the water in the trough,
a line of sight over the top ends will be parallel to the surface of the water in the trough,
and thus to the average surface of the earth at that point.
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Fig. VII-19. Water trough and water tube levels
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Instead of the water trough, a U-tube or a pair of glass tubes connected by rubber tubing
at their lower ends may be used and the water surface in the legs of the U-tube will define
the horizontal. The levelling procedure, using a water trough level or a water U-tube level,
would be much the same as that using a carpenter's level.

5.3 Plane-table surveying—zi

5.3.1 Introduction

Plane-tabling is a method of surveying in which the field observations and plotting
proceed simultaneously. It is simple because notes of measurements are not required, and it
is particularly useful in open ground where sights are generally unobstructed.

5.3.2 The instrument

The plane-table consists of a drawing board (the table) which carries the sheet and is
mounted on a tripod, a sight rule called the alidade, and several accessories including a
spirit level, a plumbing fork, a plumb line and a compass. Two basic kinds of table are used:
a small traverse table with peep-sight alidade and fixed-leg tripod without levelling head,
obviously appropriate only for rough work; and the standard plane-table board, usually
60 x 80 an, with telescopic alidade fixed with spirit levels, set on a tripod having a level-
ling head which can be levelled, rotated about a vertical axis, and clamped in any position
(see Figs. VII-20 and VII-21).

1. Board

2 Drawing Paper
3. Alidade (peep sight)
4. Spirit Level

d W 5. Trough Compass

m& Plumbing Fork
h?. Plumb Line

WHO 811110

Fig. VII-20. Plane-table

Fig. VII-21. Telescopic alidade

a Clark, D. Plane and geodetic surveying for engineers. Vol. |: Plane surveying,
London, Constable, 1937. Merritt, ES Standard handbook for civil engineers, Nav York,
McGraw-Hill, 1968.
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The various components of the plane-table instrument must be in correct adjustment as
described below i n order to ensure accuracy.

The board. The upper surface should be a perfect plane and should be perpendicular to the
vertical axis of the instrument.

The alidade. The fiducial edge of the ruler should be a straight line. The alidade spirit
levels should have their axes parallel to the base of the ruler. In the case of the peep-
sight alidade, the sights should be perpendicular to the base of the ruler.

The telescope. The line of sight should be perpendicular to the horizontal axis of the tele-

scope. The horizontal axis should be parallel to the base of the ruler. The axis of the

telescope level should be parallel to the line of sight.

The index frame. The vertical circle should read zero when the line of sight is horizontal.

Procedures for testing and for the adjustment of the plane-table can be found in text-
books on plane surveying.

5.3.3 Methods of surveying with the plane-table

All surveys require some kind of control, be it a base line or bench mark, or both.
Horizontal control consists of points whose positions are established by traverse or triangu-
lation.

A traverse i s a framework consisting of a series of connected lines, the lengths and
directions of which are measured. When the lines form a circuit which ends at the starting~
point, it is termed a closed traverse; otherwise it i s unclosed. Except for very small jobs,
it is usually advisable first to establish a traverse in plane-table surveying. It is with
reference to those points on the traverse that field details are located and plotted.
Procedures for the basic operations in plane-table surveying, including setting up the table,
traversing, locating points by "radiation” and by "intersection™, and measuring elevations,
are described below; special problems in plane-table surveying such as the so-called "three-
point problem", "two--point problem” and "method of resection™ are not dealt with.

5.3.3.1 Setting up the table

In setting up the table at a station, three requirements have to be met: (a) the table
must be levelled; (b) the table must be oriented; and (c) the point on the paper (represen-
ting the station being occupied) should be vertically over the point on the ground.

(a) Levelling the table

The legs should first be spread to bring the table approximately level and the board to
a convenient height for working — preferably not above the elbow. The table is then placed
over the station to fulfil requirements (b) and (c) approximately, and the levelling is
completed by means of the levelling screws, by tilting the board by hand if the instrument has
a ball and socket head, or simply by adjusting the legs if there is no levelling head.

(b) Orientation

The table is said to be oriented when it is so placed, with respect to its vertical axis,
that all lines on the paper are parallel to the corresponding lines on the ground. Orienta-
tion, in this sense, is obviously not required at the first station.

The orienting is usually achieved by making use of a backsight. Thus, if the table be
set over a station B, represented on the paper by a point b which has been plotted by means
of aline ab drawn from a previous station A, the orientation will consist in bringing ba on
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the paper over BA on the ground. The edge of the alidade is therefore placed along ba, and
the board is turned in azimuth until the line of sight bisects the signal A, when the horizon-
tal movement is clamped.

Orientation may also be effected (independently of a backsight) by the employment of the
trough compass. At the first station, after the table has been levelled and clamped, the
compass box is placed on the board— preferablyoutside the limits of plotting— sothat the
needle floats centrally, and a fine pencil line is ruled against the long side of the box. At
any subsequent station the compass is placed against this line and the table i s oriented by
turning it until the needle again floats centrally. The accuracy of compass orientation is
dependent upon the absence of local attraction, but is suitable for work in which speed is of
greater importance than accuracy. The compass often proves a valuable adjunct in enabling a
rapid approximate orientation to be made prior to the final adjustment, using a backsight.

(c) Centring

It has been assumed that b is set vertically over B by use of the plumbing fork and plumb
line, so that ba is brought into the same vertical plane with BA. If b happened to lie in the
vertical axis of the instrument, its position would be unaffected by the movement of the board
in orienting, but otherwise b will be shifted relatively to the mark on the ground. The opera-
tions of orienting and centring are therefore interrelated and, if circumstances require that
the plotted station point shall be exactly over the ground point, repeated orienting and
shifting of the whole table are necessary. Commonly, however, accurate centring is a needless
refinement because the error introduced by inexact centring is rather small.

5.3.3.2 Traversing

This method is used for laying down the survey lines of a closed or unclosed traverse.
The detail may then be located by an appropriate method with reference to the points or lines
on the traverse.

Having selected a system of stations A, B, C, D, and E (see Fig. VII-22), start by setting
up over one of them (say A) and, having selected a on the paper, bring it over A. Clamp the
board and, with the alidade touching a, sight E and B and draw rays ae and ab. Measure AE
and AB and scale off ae and ab. Set up at B, with b over B, and orient by laying the alidade
along ba, turning the table until the line of sight strikes A, and then clamping. With the
ruler against b, sight C, and draw bc to scale. Proceed in this manner at the other stations,
in each case orienting by a backsight before taking the forward sight.

>
YN
-

B

WHO 811111

Fig. VII-22, Traversing.
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Normally there is an error of closure at e which i s determined at D (in the case
described) and E need not be occupied. Intermediate checks should be taken whenever possible.
Thus if A isvisible from C, the work up to C may be checked there by sighting A with the
ruler against ¢ and noting if the edge touches a.

The error of closure can be adjusted graphically. In Fig. VII-23 the polygon Abcdefa,
as plotted, is found to have a closing error aA. This error is distributed by shifting each
plotted station in a direction parallel to that of aA and by an amount proportional to its
distance along the traverse from the initial station A. The corrections may be obtained
graphically as shown. ABDHA is the adjusted traverse.

F

s e b
A I3 . 7 L L _Jerror
S p%nmeler e _ 4 ,:0

Fig. VII-23. Graphical adjustment of the
error of closure.

5.3.3.3 Plotting the detail

(a) Locating points by radiation

Locating a point by radiation requires the measurement of a direction and a distance. As
described in section 5.3.3.2 above, the manner of locating and plotting the stations (subse-
quent to the initial one) is in fact the application of the method of radiation.

The procedures for locating points by radiation are as follows: Set up and orient the
table at a station (station A in Fig. VII-24) and clamp the horizontal movement. With the
alidade touching a, sight the various points L, M, N, etc. to be located, drawing radial lines
towards them. Measure distances AL, AM, AN, etc., set them off to scale, and join the points
1, m, n, etc., so obtained.

Aa/ b 8

WHO 811112

Fig. VII-24. Locating points by radiation.
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(b) Locating points by intersection

This method is largely used for mapping detail but is also available for plotting the
positions of points to be used as subsequent instrument stations. The only linear measurement
required is that of a base line.

Lay out and measure a base line B (Fig. VII-25). Plot ab in a convenient position on
the sheet. Set up at Awith a over A, and orient by laying the alidade along ab and turning
the table until the line of sight cuts B. Clamp, and, with the ruler touching a, sight the
various points defining the surrounding detail and points selected as future instrument
stations, drawing a ray from a towards each. Proceed to B, set up with b over B, and orient
by backsighting on A. Through b draw rays towards the points previously sighted. Each point
is located by the intersection of the two rays drawn towards it. Before leaving B, draw a
series of first rays towards other points not sighted from A, and then proceed to C, orient on
A or B, and obtain a new series of intersections.

Fig. VII-25. Locating points by intersection.

An extended survey should, whenever possible, be based upon a system of points whose
relative positions have been obtained by traversing. Nb base line is then required, and not
only can such stations be occupied by the table but, on setting up at other sites, the orienta
tion can be verified by reference to them and accumulation of error i s avoided.

In order to yield definite intersections, it i s desirable that intersection angles should
not be less than 45°.

5.3.3.4 Measuring elevations

With a telescopic alidade, elevations of points can be determined by direct levelling or
computed from vertical angles and scaled mg distances. However, direct levelling using the
alidade is slow.

The Indian clinometer, as shown in Fig. VII-26, is an instrument for measuring vertical
distances and i s specially suited to plane-tabling. The front sight vane i s graduated in
degrees and natural tangents, and the eyehole of the rear vane is horizontally opposite the
zero of the scales when the instrument i s levelled. The elevation of the station occupied can
be determined by observation of a point of known level already plotted. The surveyor places
the clinometer in the direction of the distant point, levels it, and, with the eye a few inches
from the sighting hole, observes the graduation on the tangent scale opposite the point sigh-
ted. The difference of level is the tangent times the distance as scaled from the map, and to
thisresult will be applied the height of the line of sight from the ground under the table.
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The peep-sight alidade cannot be used for determining elevations.
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™ b4 3. Spirit Level,
4.Eye - hole.
& 5. Hinges.
o L 3 6.5top.

Fig. VII-26. Indian clinometer

5.3.4 Field party
5.3.4.1 Personnel

For small surveys, the surveyor does not require more than two men to measure distances,
mark stations, etc. In large surveys, the work may be expedited if the surveyor has a quali-
fied assistant who can proceed with the plotting while the chief reconnoitres the forward
ground. The number of men required depends on the nature of the ground as well as the method
of surveying. In tacheometrical radiation, it will usually be possible to keep two staffmen
fully occupied, and more if the points sighted are widely spread.

5.3.4.2  Equipment

The amount of apparatus to be carried depends upon the nature and magnitude of the survey.
A full equipment consists of:

Plane-table, tripod, and alidade.

Spirit level, trough compass, plumb-bob, fork and cover.

Scales, one or two set-squares, pencils, rubber, sand-paper, ink,
colours, drawing pen, and small notebook.

Portfolio or cylindrical case for sheets.

Poles and flags.

For tacheometry: staff and stadia reduction tables or diagram.

For traversing, etc.: chain or tape, and pins.

For barometric levelling: aneroid.
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Annex 1

BASC INFORMATION ON MOSQUITO VECTORS AND DISEASES

A. Important malaria vectors

The basic epidemiology of malaria involves a man-Anophelesman transmission cycle.
Usually transmission takes place indoors, the dangerous vector entering the houses at night to
feed on man; it may also occur outdoors where people sleep or spend the evening hours outside
their houses. Malaria epidemiology depends on environmental factors (climate, topography,
hydrology, housing), on human factors (land use and occupation, daily activities and habits,
migration of people, malaria prevalence), and on entomological factors (density, flight range,
breeding, feeding and resting habits of mosquitos, and infection rate).

All mosquito larvae require water for their development and almost all sorts of water
locations have been exploited by the several thousands of mosquito species. In the choice of
breeding places, certain species are highly selective; other species are rather indifferent
and their larvae may be found in a wide variety of water bodies. Despite many years of
research there is still no clear understanding of the natural propensity of the female mosquito
to select a particular type of water as being most suitable for oviposition.

Major factors that determine habitat preference are shade or sun exposure, quiet or flow-
ing water, temperature, salt content, surface vegetation and floatage, and organic pollution.
The following classification attempts to identify the most common breeding habitats and to
indicate for each type the most suitable environmental management measures for its control.

A. Large bodies of fresh water in full or partial sunlight. Larvae occur in floating
or emergent vegetation or floatage near the edges.

1. Impoundments, lakes, pools, bays, large borrow pits, slow rivers, and pools in
drying beds of rivers and major streams.
2. Marshes, bogs, and swamps.

Control : Shoreline straightening by cutting, deepening and filling; shoreline prepara-
tion by levelling, grading and clearing vegetation; filling or draining side
pockets; water level management; introduction of natural enemies and preda-
tors; drainage, filling, and ponding or canalizing of marshes and swamps.

B. Small collections of seepage water, stagnant and often muddy, but not polluted;

full to partial sunlight. Vegetation present or absent.

1. Semipermanent rain pools or overflow water; roadside ditches, clogged drainage
ditches, small borrow pits, wheel ruts, hoofprints, natural depressions on the
ground, and puddles at the edge of ricefields.

2. Desert saline pools.

Control: Filling and grading; drainage.




- 228 -

C. Ricefields.

Control: Intermittent irrigation of paddy fields with flooding and drying periods;
grading of paddies and ditches for rapid dewatering; vegetation clearance.

D. Brackish or saltwater marshes and lagoons; saltwater fish ponds; full or partial
sunlight.
Control: Drainage, deepening and filling, ponding, canalizing, changing salinity by

using tidegates and dikes, marshland reclamation, and vegetation clearance.

E Partially or heavily shaded water in forests or jungles.
1. Pools, ponds, swamps, and sluggish streams.
2. Springs, shallow seepages and puddles on forest ground.
Control: Drainage, filling, ponding, canalizing, vegetation removal, and jungle
clearance.
F. Running water courses, clear fresh water, direct sunlight.
1. Shallow gravelly stream beds with emergent grass and weeds.
2. Margins of foothill streams; small irrigation channels of upland ricefields.
3. Lowland grassy or weedy streams and irrigation ditches.
4. Stream bed pools and side pockets with abundant algae mats.
5. Pools in drying stream beds.
6. Rock holes in stream beds.

Control: Stream bed correction and clearance, channelling, ponding, sluicing and flush-
ing, shading, and vegetation and debris clearance.

G. Springs; seepages from streams, irrigation channels and tanks; clear water;
direct sunlight.

Control: Drainage, filling, repair of leaks in dams and embankments, and vegetation
clearance.

H. Plant hollows and cavities: epiphytic arboreal and terrestrial bromeliads-

Control: Destruction of water-holding plants.

l. Man-mede containers: wells, cisterns, water storage tanks, ornamental basins, tins,
plastic packages, etc.

Control: Tight covers or screens for essential water storage cisterns, barrels, etc.,
and emptying, piercing or destroying unnecessary water containers.




Table 1.1 presents a list of the Anophel es nosquitos nost commonly incrimnated in nalaria
transmssion and their chief preferences in breeding habitats; they are grouped according to
geogr aphi cal distribution. The synbols used for habitats agree with the above cl assification.
Acapital letter denotes a definite preference for such type of habitat; a snall letter
indicates that, to a | esser degree, larvae of the particul ar species are found in this type
of habitat, either in the presence or absence of the preferred habitat.

Table 1.2 presents an al phabetical |ist of Anophel es species that are inportant in nalaria

transmission, with a summary of information on the adult nosquito habits and on larval habi-
tats.

Table 1.1. Inportant nal aria vectors

Regi on Anophel es speci es Habi t at **

1. North Arerica

(8 Southeastern quadri nacul at us Say Al,2; bl
(b) Sout hwestern freeborni A tken C F3; G
() Mexico al bi manus W edenann Al,2; Bl; G
pseudopunct i penni s Theobal d F4
aztecus Hof f man A; E

2 Central Amrerica and *albimanus Wiedemann Al,2; Bl; d
Vést Indies aquasalis Qurry D
pseudopunct i penni s F4; ¢
bellator Dyar and Knab H

puncti nacul a Dyar and Knab El

3. South America *darlingi Root
*albimanus W edenann ( Ecuador),
Col onbi a, Venezuel a)
aquasalis Qurry
pseudopunct i penni s Theobal d
(Northern and Véstern)
*nuneztovari Gabal don
(Nort hern)
albitarsis Lynch Arribal zaga
puncti nacul a Dyar and Knab
bellator Dyar and Knab
cruzii Dyar and Knab

4. North European and | abranchi ae atroparvus Van Thiel
Asi atic regions nmacul | penni s nesseae Fal | er oni
*sacharovi Favre
sinensis Wedenann
(Sout hern (hina)

pattoni_Christophers
(Northern (hina)

** See pages 227-228 for explanation of synbols.
Speci es responsi bl e for continuing transni ssion.
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5. Mediterranean region *sacharovi Favre D; a2
labranchiae labranchiae Falleroni D; ¢
1. atroparvus Van Thiel D; ¢
(Spain, Portugal)
*superpictus Grassi Fl; «'3; G
claviger Meigen Bl; F5
m. messeae Falleroni Al,2
sergentii Theobald C; F3; bl; g
hispaniola Theobald A2; H4
6. Desert *sergentii Theobald C; F3; bl; g
(North Africa *pharoensis Theobald A2; ¢
and Arabia) multicolor Cambouliu B1,2; i
hispaniola Theobald A2; F4
7. Ethiopian region
(a) Africa dthali Patton F3; g3 1
pharoensis Theobald A2; ¢
*gambiae Giles arabiensis Patton Bl
*melas Theobald D
(Vest coast)
merus Dénitz D
(East coast)
*funestus Giles Al,2
nili Theobald F3
moucheti Evans A2
(b) Yemen *gambiae s.l. B1
culicifacies Giles F4,5; Bl; C; |
serpentii Theobald C, F3; bl; g
8. Middle East and *culicifacies Giles F4,5; Bl; C; |
South-East Asia *stephensi Liston 1; bl; £3,5
minimus Theobald F2
*fluviatilis James F2; a2
varuna lyengar F2
annularis van der Wulp Al
philippinensis Ludlow Al,2; C
*hyrcanus Pallas C
*pulcherrimus Theobald C
*superpictus Grassi Fl; G; £3
sundaicus Rodenwaldt D
dthali Patton F3; g5 1
9, Hill zones of Burma, *minimus Theobald F2
Thailand and Indo- *balabacensis balabacensis Baisas E2
china annularis van der Wulp Al

maculatus Theobald F2; g
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10. Sout h-East Asia region sundai cus Rodenwal dt D
(Mal aysia, |ndonesi a, letifer Sandosham El
Phi | i ppi nes, coastal unbr osus Theobal d El
pl ai ns fromsouth China *b. bal abacensi s Bai sas E2
to Bengal) nacul at us Theobal d F2; g
minimus Theobal d F2
minimus flavirostris Ludl ow F2
(Pni I'i ppi nes)
subpi ctus G assi Bl; C
sinensis Wedenann Al,2; C
aconitus Donitz Al,2; C
canpestris Reid A2; c; ' 3
donal di Reid A2; C
philippinensis Ludl ow Al,2; C
| eucosphyrus Donitz E1,2
11. Chi nese region sinensis Wedemann Al,2; C
(Central China, Korean pattoni Chri stophers F5,6
peni nsul a, Japan) lesteri Baisas and Hu c
nartini us Shingarev D; a2
12. Southern & Wstern Pacific *farauti Laveran Bl
regi ons *koliensis Owen Bl; d
*punctulatus Donitz Bl
bancrofti Giles F3
subpi ctus G assi Bl
karwari Janes B; F3; al; ¢

Table 1.2. Notes on the biology of the nore inportant mal aria vectors

Anophel es aconitus (Qiental region)

Adult habits: Zoophilic, but will bite man indoors and outdoors. Resting sites: houses,
ani mal sheds, bushes, stream banks. bserved flight: 1 km

Larval habitats: Ricefields, |akes, ponds, swanps, inpoundnents.

(continued over | eaf)
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An. al bi manus (Mexi co, Central and South Anerica)

Adult habits: Zoophi lic and moderately ant hropophilic; a significant proportion of
femal es enter houses to feed on nan. Resting sites: houses, sheds,

rockpiles and wall's, bridge abutnents, tree holes. Fenal es active through
evening hours. (bserved flight: 2 km

Larval habitats: Qpen, sunlit inpoundments, |akes, ponds, marshes, swanps, pools; rain-
filled smal | depressions, hoofprints, wheel ruts.

An. bal abacensi s(Ml aysia, |ndonesia, Thailand, Burma, India)

Adul't habits: A shade- | ovi ng inhabitant of dense forest and forest fringes. Strongly
ant hropophilic; fermales bite people in or near forests, indoors and out-
doors. Resting sites: shelters in forest, shrubs, streambanks; brief
periods of resting in houses before and after feeding during the night.
Flight range uncertain, but invades villages froma nearby forest.

Larval habitats: Deeply shaded pools and seepages in densely shaded rain forests; hoof-

prints, mning pits, irrigation ditches; also man-nade excavations
i ncl udi ng those in open sun.

AN campestris (Ml aysia, Thailand)

Adult habits: Strongly ant hropophilic, bites man both indoors and outdoors; peak of
activity from20 00 to 02 00 hours.

Larval habitats: R cefields, swanps, narshes, ponds, pools, ditches, canals, hoofprints.

An. culicifacies(Mddl e East, South-East Asia, China)

Adult habits: Recogni zed as the nost inportant vector in the Indian regionin spite of
the high rate of adult nortality, because of its enormous popul ation
densities. Adults feed on man or donestic aninals at night in houses or
stables. Resting sites: houses, stables, sheds; dense vegetation.
(bserved flight: 1 km

Larval habitats: Pools, borrow pits, drying streambeds, ponds, irrigation channels, rice-
fields.

M. darlingi (S Anerica)

Adult habits: Strongly anthropophilic, endophilic, and endophagic, although in the
interior of South Anerica there are popul ations that can be caught in
ani nal traps and which feed on aninals and man out of doors. The peak of
i ndoor biting activity occurs from24 00 to 02 00 hours. (Cbserved flight:
1.5 km

Larval habitats: Large shaded reservoirs, ponds, irrigation canals, swanps, stream nargins,
ricefields, pools.
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M. dthali (Mddle East, India, and East, Vst and Central Africa)

Adul t habits:

Lar val

habi tats:

A vector inlran, where it bites nman, and rests both indoors and outdoors.
Al 'so suspected to be a vector in northern Somalia.

Wl |'s, seepages, pools in river beds, grassy streans.

M. fluviatilis(Mddl e East, South-East Asia, China)

Adult habits:

Lar val

habi t at s:

Ant hropophi l'i c and endophilic; enters houses at night to feed and rest.
QGavid fenal es have been observed to | eave shelters at dusk to oviposit,
and to return for another blood neal within an hour. Cbserved flight:

1 km

HIl streans, ditches, irrigation channels, spring pools, wells, ponds,
ricefields.

An. funest us (E hi opi an regi on)

Adult habits:

Lar val

habi tat s:

Strongly ant hropophilic, endophagic, and endophilic. Prefers man even in
the presence of sheep and cattle, although sone ani mal feeding al so occurs.
peak-of indoor biting in second half of the night. Preferred resting sites
are houses; sone outdoor resting in tree buttresses, overhangi ng earth
banks, rock crevices, etc. Cbserved flight: 7 km

Per manent, vegetated waters, including swanps, ponds, |ake margins, streans,
ditches; ricefields.

An._ganbi ae s.1. (Ethiopian region)

Adult habits:

Lar val

habi t at s:

S x species are nowrecogni zed in the Ah. gambiae conplex. An. ganbi ae
and An. arabiensis, the principal nalaria vectors in tropical Africa, are
strongly ant hropophili c, endophagi c, and endophilic; however, outdoor
feeding and resting also occur. An. quadriannul atus appears to be entirely
exophilic and zoophilic. A nelas is a vector which is abundant near
salt-water breeding places on the west coast. A nerus is a vector in
East, Central and Southern Africa and breeds in saline and brackish water
extending well inland. Species D, the sixth nenber of the An. ganbi ae
conpl ex, is not a vector. It breeds in mneral water springs and has been
found only in a forest in Uganda.

Al kinds of water-filled depressions in the ground, especially shall ow
sunlit pools, borrow pits, hoof prints, wheel ruts, and pits fromwhich sal
for nud bricks was excavated. A nmerus and A nelas breed in brackish and
sal twat er narshes and | agoons al ong the east and west African coasts
respectivel y.




An._hyrcanus (Central and Northern Asia, Japan, Hungary, and Mediterranean region)

Adult habits: The type form has been shown to be a vector in north-east Afghanistan;
here adults do not rest in houses because of low humidity, but do rest on
outside walls of houses, in caves, hollow trees, creek banks, and vegeta-
tion. They become active shortly after sunset, and then attack people in
gardens and fields. They do not bite indoors.

Larval habitats: Ricefields, ponds, swamps.

An. lesteri (Western Pacific, China)

Adult habits: Said to be the primary malaria vector in the Changjiang (Yangtze) valley;
strongly anthropophilic here.

Larval habitats: Ricefields, ponds, swamps, |lakes.

An. letifer (Indonesia, Malaysia, Thailand)

Adult habits: In partially cleared or more open forests of coastal Malaysia; females
enter houses at night to feed on man; also attack by day in the shade.

Larval habitats: Shaded or partly sunlit pools, drains, especially with accumulations of
decaying leaves and other vegetation.

An. leucosphyrus (South-East Asia)

Adult habits: Shown to be a vector in northern Sarawak; here adults enter houses to
feed on people, with peak activity between 12 00 and 02 00 hours.

Larval habitats: A forest species; breeds especially in seepages and rain pools.

An. maculatus (Oriental region)

Adult habits: A vector in the foothills of Malaysia, especially following deforestation.
Prefers cattle, but readily attacks man both indoors and outdoors. Most
biting activity between 21 00 and 24 00 hours; most females |leave houses
before 08 00 hours. Observed flight: 2 km.

Larval habitats: Small, sunlit stream margins, seepages, springs, ricefields with running
water.

An. minimus (Oriental region)

Adult habits: In foothills of India, minimus, fluviatilis, and varuna formerly were
responsible for intense malaria transmission. An. minimus is of
importance in Viethnam and elsewhere in South-East Asia, especially when
forests are cleared in hilly regions. Adults feed on man both indoors and
outdoors; biting activity occurs during the early part of the night.

Larval habitats: The edges of gently moving, clean, clear streams.
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M. minimus flavirostris(Philippines, Indonesia)

Adul't habi ts: The vector in foothill regions. Adults enter houses to feed on man, but
| eave early in the norning so that they are seldomfound in house catches.
Resting adults may be taken fromoverhangi ng creek banks and simlar out-
door shelters. Conmmonly taken in aninal-baited traps. Cbserved flight:
2 km

Larval habitats: Margins of small, sunlit streans.

M. noucheti (Central Africa)

Adult habits: Strongly ant hropophilic, endophagi c, endophilic; also attacks man out-
doors. Biting activity continues throughout the night.

Larval habitats: Ponds, pools, sluggish streans and large rivers in forested areas,
especially with Pistia and other horizontal vegetation.

An. nili (Ethiopian region)

Adul t habits: Ant hr opophi | i ¢, endophilic, and endophagic in some areas; less so in
ot hers.

Larval habitats: Shaded streans and river margins with surface vegetation; swanps, pits.

An. nuneztovari (South America)

Adult habits: Two popul ations may represent sibling species. ne bites at sunset, feeds
on man and animals mainly outdoors, and is not a vector. The other popu-
lation(in northern Col onbi a and western Venezuel a) is anthropophilic and
endophagi ¢, with peak activity between 22 00 and 24 00 hours.

Larval habitats: Pools, puddles, ponds, small |agoons, streamns, ricefields.

An. pharoensi s (Ethiopian region, North Africa, Mddl e East)

Adult habits: Secondary vector associated with nalaria in Egypt. Adults bite man or
aninmal s indoors and outdoors, sel domrest in houses, but are found on
reeds and other vegetation of the breeding places. Cbserved flight:

9 km

Larval habitats: Ricefields, swanps, |akes, reservoirs.

M. pseudopuncti penni s(Central and South Anerica)

Adult habits: Fornerly of inportance locally; weakly anthropophilic. Females feed
freely during the evening and night, out of doors on aninals and man, and
seek shelter at dawn in houses as well as el sewhere; at dusk both unfed
and fully gravid femal es becone active and | eave the shelter. (bserved
flight: 6 km

Larval habitats: Pools in drying streambeds with Spirogyra and ot her surface vegetation.
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M. pul cherrinus(Mddl e East, South-East Asia)

Adult habits: Responsi bl e, with hyrcanus, for continuing malaria transmssionin
Af ghani stan. Adults feed outdoors on man and ani mal s fromsunset through
the early part of the night. Qutdoor resting sites are those shared with
hyrcanus, but pul cherrinus al so rests inside sheds and houses.

Larval habitats: R cefields, swanps, ponds.

A punctul atus group (Southern and Vestern Pacific regions)

Adult habits: Three species: punctul atus, faranti, koliensis, with sinilar behavi our
patterns: honophilic, endophilic, and endophagic. bserved flight:
1 km

Larval habitats: Rain pools, ruts, hoofprints, pools in drying streambeds; ponds, |agoons,
seepages, swanps.

An. sacharovi (Mediterranean, M ddl e East)

Adul't habits: Ant hr opophi | i ¢ and zoophilic; endophagi c and exophagi c; endophilic and
exophilic. Biting of people sleeping outdoors has contributed to the
persistence of malaria in sone areas. (bserved flight: 8-14 km

Larval habitats: Brackish water, coastal narshes, |agoons, pools; freshwater inland swanps
and pool s.

M. sergentii (Mediterranean, Mddle East, South-East Asia)
Adul't habits: Typically a desert species; a vector in oases. Adults bite nan and ani-
nmal s indoors and outdoors, and rest in houses, sheds, caves, rockpiles,
and crevices in the ground. (observed flight: 4 km

Larval habitats: Streans, seepages, irrigationditches, ricefields, borrowpits.

An. stephensi (Mddle East, South and South-East Asia, China)
Adul't habits: A dangerous vector throughout its range; anthropophilic, endophilic,

endophagi c. Especially adaptabl e to urban environnents and so intensely
donestic. (bserved flight: 25 km

Larval habitats: Streammargins, seepages, narshy areas, springs, ponds, pools, irrigation
channels; wells, cisterns, and other artificial containers.

M. subpictus (South and South-East Asia, China, and South- Vst Pacific)

Adul't habits: Wdespread and common in South-East Asia. Considered to be an inportant
vector in Tinor: vector role el senwhere uncertain. Adults will feed and
rest in houses, but prefer donestic animals. Cbserved flight: 156.2 km

Larval habitats: Fresh and bracki sh water pools.
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M. sundai cus(Sout h-East  Asia, China)

Adult habits: An inportant vector along the sea-coasts of South-East Asia and | ndonesi a.
Highly anthropophilic; bites man indoors or outdoors, with peak activity
between 22 00 and 24 Q0 hours. Resting sites: houses, stables; rock
crevices, crevices in sand banks, bushes. (Chserved flight: 0.5-6.2 km

Larval habitats: Brackish water marshes, |agoons, pools; salt-water fish ponds.

M. superpictus (Mediterranean, Mddl e East, Central Asia)

Adul't habits: Responsi bl e for continued nal aria transnissionin sone localities of the
Mddl e-East. Adults feed on nman i ndoors and outdoors, and rest in houses,
sheds, caves, earth crevices, and under bridges. Cbserved flight: 2-7 km

Larval habitats: Shallow grassy, pebbly streans, pools, seepages.

An. varuna(lndia, Sri Lanka, Burna, Nepal)
Adult habits: Formerly a dangerous vector in the hills of Bengal.

Larval habitats: |Irrigation channels, seepages, wells.
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I mportant vectors of lynphatic filariasis

I n general, the basic epidemology of filariasis involves a man-vector-man transm ssion
cycl e. However, the transnission of Brugia malayi filariasis(Subperiodic forrr) may invol ve
animal hosts or reservoirs such as domestic and wild cats, civets and pangolins; infectionis
transmtted fromanimal to aninmal or man, and fromman to man or animal by certain species of

Mansoni a ITDSC]UI t os.

A wi de range of ersqui tos, including several species of Anopheles of nalaria inportance,
are vectors of the various forms of filariasis., This gives a universal character to the
di sease transmssion; it can occur at any time of the day or night, indoors and outdoors, near
or away fromhunan centres. Larval habitats are al so nost diverse; depending on the species
i nvol ved, breeding takes place in salt, brackish and fresh water, either clear or polluted, in
| arge water bodies, tidal |agoons, rmrshes, ponds, or in water contained in leaf axils, tree
hol es, coconut husks, barrels, tins, etc.

I n regions where different vector speci es are responsible for filariasis transm ssion,
such as the Mal aysi an and Austral asi an regi ons, vector control becomes an extensive and expen-
sive operation.

Table 1.3 presents a list of filarial parasites, their distributionin geographical

nosqui to speci es nost commonly involved in the transni ssion.

Table 1.4 presents a list of the inportant nosquito vectors of filariasis in al phabeti cal
order, with summary information on adult habits and |arval habitats.

Table 1.3, Filarial parasites transnmitted by nosquitos

Par asi te and
di stribution

| mpor t ant

Epi demi ol ogy vectors

Wicher eri a bancr of ti
periodic form

Man- nosqui t o- man transm ssi on cycl e. Anophel es ganbi ae
Princi pal vectors enter houses at An. funestus

In rural

t hr oughout the tropics
(except Polynesia),
some subtropical areas.

W bancrofti
diurnal Iy subperi odic
form in Pol ynesia and
New Cal edoni a; noct ur -
nal 'y subperiodic form
in Thail and.

night to feed on man.
areas these are Anophel es speci es;
inthe forests and plantations of
SE Asia, forest-dwelling species
of Aedes (Finlaya) may be of [ocal
i mportance; 1 n urban areas the
chief vector is Qul ex quinque-
fasci atus Say.

Associ ated especial ly with coconut

pl ant ati ons, where the princi pal
vector, Ae. polynesiensis, feeds
by day on peopl e working in these
plantations or living in nearby
houses.

Local Iy, other species nay

transmt away from coconut plantations
(see notes on vector biology, Table 16).

I regions and preferred types of environnent, summary notes on the di sease epi dem ol ogy and the

An. darlingi

AN. minimus flavirostris
AN, canpestris

An. punctul atus group
Aedes (F.) niveus

Ae. (F) kochi

poecilius
Qul ex quinquefasciatus Sgy

(= & __pipiens fatigans
W ederann)

(S) polynesiensis

(S) tongae

(S) pseudoscutellaris

(E) fijiensis

5|5 | 8| 5|®

(0.) vigilax




Brugi a mal ayi
noct urnal Iy subperi odi c

form swanp forests of
Mal aysi a and the

Phi | i ppi nes (Pal anan,
Sul u, M ndanao).

Brugi a malayi

nocturnal l'y periodic
form in Japan, coastal
Chi na, Korean peni nsul a,
Sout h- East Asi a, India;
noct urnal Iy subperi odi c

form, iNn western Malaysia.

Brugi a timori
nocturnal 'y periodic,
i n I ndonesi a.
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In addition to man, macaques and | eaf

nonkeys, donestic and wild cats,
civet cats and pangol i ns are subj ect
to infection. Transnission fromnan
to man, or aninal to man, or nman to
ani mal, by swanp forest-dwelling
speci es of Mansonia. Thus trans-

m ssi on takes place nostly in the
swanp forest or in nearby villages
by nmosquitos which bite by day or

ni ght, indoors or outdoors, with the
peak of activity during the evening.

Man apparently is the only natural

vertebrate host, and transmi ssion
takes place prinarily in the domes-
tic environnment by night-biting
nosqui tos, either indoors or out-
doors. Endemc foci of S Asia
usual |y associated with flat,
swanpy land. | n Japan, togoi -
transmtted foci are in communities
near coastal salt-water rock pool s
and cisterns.

Vertebrates such as nonkeys, domestic

and wld cats, civets and pangol i ns
are included in the devel oprent al
cycle, as well as nman.

Mansonia di ves
Ma. bonneae
Ma. annul at a
My uniforms

My annulifera
Ma. i ndiana
Ma, uniformis

Ae. (E) togoi
An. canpestris
An. donal di

AN, barbirostris

Tabl e 1. 4.

Notes on the biology of inportant filarial vectors

Speci es and
distribution

Adult habits

Larval habitats

Aedes (F.) fijiensis

Fiji Islands

Pe. (F) kochi

Australian region

Found naturally infected in Fiji.

Persistent night-time biter.

Bites nman by day and ni ght, indoors

and outdoors; especially abundant
in and near Pandanus groves.

Leaf axils of Pandanus and
of some other plants

Leaf axils of Pandanus,

Qol ocasi a, banana
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Pe. (F ) niveus Probabl e vector in forests
Phi I 'i ppi nes,
Mal aysi a, | ndonesi a

Pe. (E) poecilius Bites by day or night, indoors and
Mal aysi a, | ndonesi a out doors; especially abundant in
or near extensive abaca pl antations
in the Philippines.

Ae. (F) togoi Adults enter houses to feed on nman.
China(incl. Prov. of
Tai wan), Japan, and
Kor ean peni nsul a

Ae. (0.) vigilax Bites by day or night, indoors and
Australian region, outdoors. Vector of subperiodic
Sout h- East Asia W bancrofti in New Cal edoni a

(observed flight: 96 km

Ae. (5.) polynesiensis Bites man by day in coconut groves,
Pol ynesi a wooded areas, gardens, yards; and
will also enter houses to feed.
Flight linmted.

Pe. (S) pseudoscutellaris Simlar to those of Ae. pol ynesiensis

Fiji Islands

Ae. (S) tongae Bites outdoors by day in groves and
Tonga | sl ands plantations. FHight [inited.
Anophel es canpestris Ant hr opophi l'i ¢, endophilic.

Thai | and, Mal aysi a

An. darlingi (See Table 12).

An. funestus "

AN, ganbi ae "

AN. minimus flavirostris

M. punctul atus "

An. donal di Bites man indoors at night and
Mal aysi a, Thail and out doors by day in the shade of
the forest; also attracted to
ani mal s.

Tree hol es, banmboo stunps

Leaf axils of abaca,
banana, Pandanus

Salt-water rock pool s
al ong the coast,
artificial containers

Bracki sh- wat er narshes and
pool s; fresh-water
swanps and pool s

Coconut hal f-shell s dis-
carded after renoval of
copra, rat-opened coco-
nuts, tree hol es, palm
bracts, crab hol es,
barrels, tins, and other
artif icial containers

Simlar to those of Ae,
pol ynesi ensi s

Coconut husks, tree hol es,
artificial containers

R cefiel ds, marshes, ponds,
di t ches, pool s

(See Table 1.2.)

R cefiel ds, shaded swanps,
drains, forest pools




Qul ex qui nquef asci at us
(fatigans)
Vorl dwi de in tropics
and subtropics

Mansoni a annul at a
Mal aysi a, | ndonesi a,
Phi I i ppi nes

My annulifera
Sout h- East Asi a

My bonneae
Phi I 'i ppi nes,
Mal aysi a, Thail and

M. dives
Mal aysi a, South Pacific,
I ndonesi a, I ndia

My indiana
Mal aysi a, | ndonesi a,
I ndia

M. uniforms
VWorl dwi de in tropics
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Strongly donestic; bites nan by
ni ght indoors and outdoors; rests
by day in dark corners of bedroons,
sheds, culverts, etc. Cbserved
flight: wup to 11 km

Bites man by day or night, indoors
and out doors.

Ent ers houses at
nan.

night to feed on

Bites man by day or night, indoors
and out doors; especially trouble-
sone by day in the shade of the
forest.

Strongly ant hropophilic; enters
houses to bite man at night;
attacks avidly by day in the
shade of the forest

Bites man indoors and outdoors, by

night or day. Capable of |ong
flights of several mles.

Bites nman by day or night, indoors
and outdoors. Capable of |ong
flights of 32 kmor nore.

Especi al |y pol | uted
wat ers of drains, ponds,
st agnant streams, pools
al so tanks, barrels
tins, and ot her
artificial containers

Swanp forests

Qpen swanps, marshes,
ponds; associ at ed
especially with Pistia

Swanp forests

Swanp forests

Qpen swanps, narshes,
ponds

Swanps, pool s, marshes;
associated with Pistia,
wat er hyaci nth and
swanp grasses
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C. | mportant nosquito vectors of arboviral di seases

The basi c epi dem ol ogy of viral diseases transmtted by nosquitos involves a cycle in
whi ch aninmal s usually play a major role as hosts and reservoirs. In fact, nmany viral
are originally zoonotic and only incidentally or sporadically are first transnitted to man.
For instance, nonkeys are the primary hosts of yellowfever and the Haenagogus nosquito, which
is not anthropophilic, is a major nmonkey-to-nonkey vector. However, if a nonkey host is bitten

by a suitable Aedes species, such as Ae. aegypti, Ae. africanus or Ae. simpsoni, the nosquito

include wild and domestic fow, equines, pigs, sheep and rodents.

common vect or species involved in the transm ssion.

sumary informationon adult habits and larval habitats.

is able to transmt the virus to man, who becomes a host. Subsequent transmission, in a man-
Aedes- man cycle, may be so intensive as to cause epi dem ¢ out breaks anong urban populations.

QG her aninal s besides primates act as hosts or reservoirs for the arboviruses. They

Table 1.5 presents a list of the more inportant viral diseases transmtted by nosquitos,
their distributionin geographical regions, summary notes on their epideniol ogy, and the nost

Table 1.6 presents a list of the inportant nosquito species (in al phabetical order) with

di seases

urban areas, Ae. aegypti acts as
the principal vector and is
responsi bl e for epidemcs in these
situations. In Africa, monkey-to-
nonkey transm ssion in forest areas
is maintained by Ae. africanus, with
Ae. sinpsoni breeding in the plan-
tain and banana plantations at the
peri phery of the forest, and acting
as vectors between monkey and nan.
Periurban and urban transm ssi on by

Ae. aepypti can reach epidenic
proporti ons.

Dengue Expl osi ve ur ban epi dem cs; endemic
tropi co- and survival in tropical cities;
subt r opi copol i tan diffuse endemicity in rural areas of

SE Asia and Cceani a.

Table 1.5. Inportant arboviral diseases transmtted by nmosquitos
D sease and . .
distribution Epi demi ol ogy Vect or
Yel | ow f ever In South and Central Anerica, the Aedes aegypti
tropics and subtropics, di sease is enzootic in jungle Pe. africanus
Central and South Anmerica, rnonkeys and transnitted by Ae. si npsoni
and Africa Haenmagogus spp. I n periurban and Haenmagogus spegazzini

Ae. | eucocel aenus
Sabet hes chl or opt er us

Ae. aegypti
Ae. al bopi ctus
Ae. scutellaris

Pe. polynesiensis
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Chi kungunya f ever Africa: sylvan cycle in nonkeys, Ae. aegypti
East and South Africa, baboons, and Ae. africanus; out- Ae. al bopi ctus
and SE Asia breaks with man- aegypti - man cycle Ae. africanus

invillages. Ae. taylori
SE Asia: urban outbreaks with man- Pe. furcifer

aegypti-man cycle; possible supple-
nmental transm ssion by Ae. al bopictus;
possi bl e ani mal reservoirs.

Vestern equi ne encephalitis Basic cycle: bird-vector-bird- Qul ex tarsalis
North Anerica . (man) CQul i seta nel anur a
vector; )
(‘equi nes)

Reservoir in many species of wld
birds; anplificationof the virus in
bi rds during the nesting season;
transni ssion to man and equines in
summrer and autumn by Cx  tarsalis in
west ern USA; enzootic foci in swanps
in eastern USA; transm ssion by

Cs. nelanura. Man and equines are

i ncidental hosts.

Eastern equi ne encephalitis Basic cycle: bird-vector-bird- Cs. nel anura
Eastern USA, Cari bbean, vect or (man) Ae. sollicitans
and Central and South ?equi nes)

America Enzootic swanp foci with wild birds

as reservoirs; transmtted by

Cs. nelanura; spillover to peri-
domestic and donestic birds;

sporadi ¢ transm ssion to man and
equines in or near swanp foci by
Cs. el anura; outbreaks in man and
equines with Ae. sollicitans as the
chief vector.

S. Louis encephalitis Basi ¢ cycle: bird-vector-bird-(nan). Cx_nigripal pus
USA, and Central and Rural epidenm ol ogy in western USA X pipiens
Sout h Anerica Wi th Cx. tarsalis as the chief vector; X quinquefasciatus Say
ur ban epi dem ol ogy in central and (= & _p fatigans

eastern USA, enzootic cycles in wods- W edemann)

i nhabi ting birds; transm ssion among  coronator

peridomestic birds and domestic fows (X tarsalis

and to man by domestic nosquitos. Psor ophor a f er ox
Sabet hes chl or opt er us

Venezuel an encephal itis Basi c cycle: mammal - vect or manmal - Cx__taeni opus
Sout hern USA, and Central vect or -( nan) Ae. serratus
and South America Reservoir in forest rodents, epi- Ae. taeni orhynchus
zootics anong equi nes with equi nes Ps. ferox
as a source of virus for the vector; Ps. confinnis
infection of man during equi ne epi- Mansoni a titillans

zoot i cs.




Japanese encephalitis Basi c cycle: pig—vector—pig—vector<fman) X __tritaenio-
Siberia to India (horses) rhynchus

bi rd- vect or

Cx__vishnui

Vertebrate hosts: heron, egrets, other = visanus

) . ; Cx__gelidus
birds; pigs, horses. Extensive out-

breaks in man fromtine to tine. Cx_annul us

Vest Nile fever Basi c cycle: bird-vector-bird-(nan). Cx_univittatus

Africa to India Reservoir in birds; man incidentally Cx__ant ennat us
i nf ect ed.

\éssel sbron fever Basic cycle: transm ssion anong sheep Aedes (B)  circum-

Africa and Thailand and ot her donmestic aninals by | ut eol us
nosqui t os; occasi onal transm ssion Ae. (0,) caballus
to man.

California encephalitis Basi ¢ cycl e: vertebrate-vecfor-vertePrate Ae. canadensis
N America Ae. trivittatus

Vecfor Vecfor Ae. atlanticus
vector = (nan).

Reservoir hosts: hares, rabbits, ground

squi rrels, chipmunks; incidental infec-

tionin man. Generation-to-genesration

survival of virus in nosquitos.

Mirray Valley encephalitis Basi c cycle: bird-vector-bird-(nan). Cx__annulirostris
Australia, New CQuinea Reservoir in birds; man incidentally

i nf ect ed.

R ft Valley fever Basic cycle: donestic animals-vector- Nhnsonja_spp
Sout h, Central and donesti ¢ ani mal s- (nan). Cx_univittatus
West Africa, and Egypt Ext ensi ve outbreaks in nman fromtine Cx__pipiens

to tine. Cx__theileri

Table 1.6. Biology of inportant nosquito vectors of arboviral diseases

5P90'95 aﬂd Adult habits Larval habitats
distribution
Aedes aegypti
feral strain: Rests and bites outdoors in Tree hol es and ot her plant
Africa Af ri can bush. cavities
domestic strain: Rests and bites indoors; intimte Artificial containers—
tropi co- and associ ati on with man. tins, tubs, etc. in and
subt ropi copol itan Flight limted. near houses




Ae. africanus and
Ae. | uteocephal us
Et hi opi an regi on

Pe. al bopi ctus
Oiental and Australian
regi ons, Djibouti,
Madagascar, Seychel |l es
and Mauritius

Ae. atlanticus
East ern USA

Pe. caballus
Et hi opi an regi on

Ae. canadensi s
N Anmerica

Ae. circun ut eol us
Et hi opi an regi on

Ae. | eucocel aenus
S Arerica

Ae. lineatopennis
Oriental, E hiopian
and Australian
regi ons

Ae. polynesiensis
Pol ynesi a

Ae. serratus
North, Central, and
South America

Pe. scutellaris
| ndonesi a, Mel anesi a,
Phi | i ppi nes, Pal au
and Caroline Islands

Ae. simpsoni
Et hi opi an regi on
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Feeds on nonkeys in forest canopy
at night.

Annoyi ng bites by day in coconut
groves, banboo thickets, outdoors
near dwellings; also inside
dwel I'ings in some areas.

Flight linted.

Attacks man and ani mal s i n woods
by day.

Zoophilic, exophagic.

Attacks man and ani nal s i n woods
by day.

Feeds on mammal s in woods and fi el ds
with scrub vegetation.

A forest nosquito, biting man and
animal s in the canopy but al so
at ground level. Fight linited.

Zoophi l'ic, exophagi c.

Annoyi ng bites by day in coconut
groves, woods, yards, and al so
in houses. Flight limted.

Bites man and animals by day or
ni ght, especially in woods.
(bserved flight: 1 km

Annoyi ng biter by day in woods,
coconut groves, yards, houses.
Flight limted.

Attacks man and animals by day in
and near banana and ot her
plantations. Flight |inited.

Rot holes in trees, banboo
st unps

Pl ant cavities, especially
coconut hal f-shel | s and
rat - opened coconut s,

banmboo stunps; tubs
tins, and ot her
artificial containers

near houses

Termporary rain and fl ood
pool s

Rai n and overfl ow pool s,
rock pools in stream beds

Tenmporary rain and fl ood
pool s

Swanps, rain pool s

Tree hol es

Swanps, rain pools

Plant cavities, especially
coconut hal f-shells and
rat - opened coconut s;
tree hol es, pal mspat hes,
artificial containers,
crab hol es

Tenporary rain pool s

Pl ant containers, tree
hol es, coconut husks,
artificial containers

Leaf axils of taro, banana
pl antai n, and pi neappl e;
other plant cavities




East ern USA and

Ae. sollicitans
Geater Antilles
Pe

t aeni or hynchus
North, Central, and
South Anerica

Pe. trivittatus
N Anerica

Qul ex annul us
Mal aysi a

Cx antennat us

Medi t erranean and
Et hi opi an regi ons

x coronator
North, Central, and
South America

Cx _gelidus
Mal aysi a, China,

Japan and India

&  nigri pal pus
North, Central, and
South Anerica

Cx pipiens
Hol arctic region

Cx  qui nquef asci at us
(fatigans)
Tr opi co- and
subt ropi copol i tan

Cx__taeni opus
Central and South

Anerica

Vicious biter of man and ani mal s
by day or night. Capable of
long flights, over 100 km

Fenmal es attack man and ani mal s
by day or night; capable of
long flights, over 35 km

Attacks man and animals by day in
open woods and fields.
(oserved flight: 2.5 km

Strongly attracted to pigs but
will bite nan.

Feeds on man and domestic
ani mal s.

Feeds out doors on avi an and
mammal i an host s.

Enters houses to feed on man;
especially attracted to pigs.

Femal es feed on avi an and
mamal i an hosts, including
nan.

Femal es feed on avi an and mam
mal i an hosts; a troubl esone
night-tine biter, both indoors
and outdoors. Flight ordinarily

limted, but over 20 lan observed.

Simlar to those of Cx pipiens

Presumably feeds in forests,
primarily on rodents.

Coastal salt narshes,
inland salt pools

Coastal salt marshes

Tenporary rain and fl ood
pool s

Ri cefiel ds, ponds, brackish
wat er pool s, artificial
cont ai ners

Swanps, borrow pits, pools,
di tches

G ound pool s, seepages,
hoof prints, tree hol es,
artificial containers

Ri cefiel ds, marshes, ponds,
pool s, streans

Pool s, ditches, marshes,
swanps

Cont ami nated or fresh-water
ground pool s, ditches,
cesspool s, artificial
cont ai ners

Simlar to those of
X pipiens

Forest rain and stream
pool s



Cx tarsalis
N Anerica

Cx_ tritaeni orhynchus
Oriental region and
Africa

X univittatus
Medi t erranean and
Et hi opi an regi ons,
M ddl e East and I ndi a

X vishnui
Oriental region

Cul i seta nel anura
Eastern and
Central USA

Haemagogus SPP.
Central and South

Anerica

Mansoni a titillans
North, Central and
South Anerica

Psor ophora confinni s
North, Central and
Sout h Anerica

Ps. ferox
North, Central and
South Anerica

Sabet hes chl or opt er us
Central and South
Arerica
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I n sone situations, femal es prefer
avi an hosts, especially doves and
pi geons; but in others, they
feed primarily on aninals
especially cattle. They also bite
man. Chserved flight: 1.6-4 km

Bites man and ani mal s by night,
i ndoors and out doors; especially
attracted to pigs. Bl ooded
adults rest in animal shelters by
day

Ornithophilic but in some areas
feeds readily on man and domestic
ani mal s.

Bites man at night; also strongly
attracted to cattle and pigs;
al so feeds on birds.

Femal es feed by preference on
swanp- i nhabi ting birds but al so
attack donestic and wild aninals,
reptiles, and occasional |y man

Feeds on nonkeys and other aninals
by day in forest canopy;
occasi onal feedi ng on man at
ground | evel, especially after
trees are fallen. Flight limted

Fierce biter of man and ani nal s
fromdusk to dawn. Capabl e of
long flights of several niles.

Fierce day and night-time biters
of man and animals in vicinity
of the breeding habitats.
C(bserved flight: 8-13 km

Fi erce day and night-tine biter
i n woods near breeding places.
(bserved flight: 2 km.

Along-lived species with a prefer-
ence for the forest canopy but
al so bites man at ground | evel

G assy, sunlit pools;
irrigation ditches,
seepages, marshes, hoof-
prints; clear or pollu-
ted water

Ricefields, marshes, ponds,
pool s, ditches, strearns;
cesspool s

Mar shes, pools, grassy
streams

Ri cefields, pools, ditches,
swanps, rain pools

Swanps, bogs

Tree hol es and other plant
cavities in the forest

Ponds, | akes, inmpoundments
with Pistia and ot her
suitable plants, to which
| arvae and pupae can be
attached by their air
t ubes

Tenporary rain and fl ood
pool s

Tenporary rain and flood
pool s

Rot holes in trees
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D Pest nosquit os

Tables 1.7 and 1.8 present the probl emsituations, species and distribution of sone
i mportant pest nosquitos, their biting activity, breeding habitats and ot her bi ol ogi cal
characteristics.

Table 1.7. Inportant pest nmosquitos

Probl em . . . . Biting activit Breedin
Situation Speci es Distribution daygl ni ght ’ habi t at g*
(1) Dwellings Mansoni a:
africana Et hi opi an regi on + + I.A.1
annulifera Oiental region + + I.A.1
bonneae Mal aysi a, Philippines + + I.A.1
di ves Mal aysi a, | ndia, + + I.A.1
I ndonesi a, Australia
indi ana Mal aysi a, India, + + I.A.1
I ndonesi a
uniforms Oiental, Australian + I.A.1
and Ethiopian regions
per t ur bans N America + + I.A.1
titillans N, C and S Anmerica + + I.A.1
Aedes (F. ) togoi Oriental region + + I.A.7; Iv.1,5
Ae. (S) aegypti  Tropics, subtropics + 111.1,4,5,6,8
al bopi ct us Oriental region, Austral-  + 11.1,5,6,7;
asia, Marianas, I11.1,4,5,6,9
Hawai i
polynesiensis Pol ynesi a + 1.A.7,10;
I1.1,2,5,6,7
I11.1,5,6
Arm geres
subal bat us Oriental region + I.A.5;
— 111.2,3
Qul ex:
pipiens Hol arctic regi on + I1.A.2,5;
I1T.1-8
pipiens fatigans Tropics, subtropics + I.A.2,5;
I1.6,7;
IT1.1-8
annulirostris Austral asi a, | ndonesi a, + + T.A.1,2,3
Phi | i ppi nes 11.1,9
Sit iens Oriental region, Austral - + 1.A.7
asi a, Pol ynesi a,
E Africa, Madagascar
vi shnui Oriental region I1.A.1,3,7,8

*
For an expl anation of the synbols, please see page 259.




(2 Peridonesti c;
groves, etc.
(3 Fields,
past ur es

Mansoni a uniforms

Aedes (F) kochi

Aedes (F) poeci -
[ius

Aedes(S) al bo-
pictus

pandani
hebri deus

pol ynesi ensi s

scutellaris

simpsoni

Qul ex (Qul ex)

nouchet i

Psor ophor a

confinnis

Aedes (0.) dor-
salis
ni gronacul i s
sollicitans

Aedes (A.  vexans

Qil ex (Cx)
annulirostris

tritaenio~

r hynchus

bitaenio-

r hynchus
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Qiental, Australian
and Et hi opi an regi ons

Austral asi a, | ndonesi a
Mal aysi a, | ndonesi a

Ciental region, Austral -
asi a, Mari anas,
Hawai i

Mar i anas

New Hebri des. Sol onon
I sl ands, Santa Cruz,
Torres, and Banks
| sl ands

Pol ynesi a

Mal aysi a, Austral asi a,
Indonesia, Philippines
Et hi opi an regi on

Et hi opi an regi on

N, C and S America
Hol arctic region

Wstern N Anerica
N Anerica

Holarctic and Oiental
regions, Pacific
| sl ands

Austral asi a, | ndonesi a,
Phi | i ppi nes

Ciental and Et hiopian
regi ons, Mddl e East,
Indonesia

Oiental and E hiopi an
regi ons, Austral asia

+

I.A.1

I1.2
I1.2

11.1,5,6,7
111.1,4,5,6,9

II.2
It.1,5,6,7
I1r.1,5,6,9

I.A.7,10;
I1.1,2,5,6,7
I11.1,5,6
I1.1,5,6,7
r1r.1,5,6,9
Ir.1,2

I.A.5

P H H H
-
\O

> ww
00 W W oo

I.A.1,2,3

III.1

I.A.1,2,3,4,6
I1.1
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(4) Tenperate zone Mansoni a

woodl ands per t ur bans N America, Europe + + I.A.1
Psor ophor a
cyanescens N Anmerica + + I.B.3
f er ox N, C and S Anmerica + + I.B.3
Aedes (C,):
canadensi s N Anerica + + I.B.3
cantans Eur ope, USSR Chi na + I1.B.3
comuni s Hol arctic regi on + + 1.B.2,3
rusticus Europe, N Africa + 1.B.3
Si errensis VWstern N Anerica + II1.1
sticticus Hol arctic regi on + I.B.3
triseriatus N Amrerica + II.1
trivittatus N Amrerica + + I.B.3
(5) Tropical rain Mansonia:
and swanp afri cana Et hi opi an regi on + + I.A.1
forests annulifera Ciental region, New + + I.A.1
Qui nea
bonneae Mal aysi a, | ndonesi a, + + I.A.1
Phi | i ppi nes
dives Mal aysi a, | ndonesi a + + I.A.1
f uscapennat a Et hi opi an regi on + + I.A.1
titillans N, C and S Anerica + + I.A.1
Psor ophor a:
confinnis N, C and S Anerica + + 1.B.3
ferox N, C and S Anerica + + I.B.3
Er et mapodi t es
chrysogast er Et hi opi an regi on + 11.1,2,5,6,7
III.5
Aedes (0.):
scapul ari s C and S Anerica + + .B.3
serrat us C and S Amwrica + + I.B.3
Ae. (A) tarsalis Ethiopian region + I.B.3
Pe. (F) leuco- S Amwrica + 11.1
cel aenus
terrens group  C and S Amwrica + II.1
Haenagogus:
chal cospi | ans C and S Anerica + 11.1,6
eaui nus C and S Anerica + 11.1,5
spegazzini i S Anerica + 11.1,5
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(6) Coastal Aedes (0.): cas- Pal aearctic region + + 1.A.8,9
communities, plus
recreational detritus ~~ Palaearctic region + + I.A.8,9
areas, etc. dorsalis Hol arctic regi on + + I.A.8,9
sollicitans N Anerica + + I.A.8,9
t aeni or hynchus N, C and S Amwrica + + T.A.8,9
vigilax Austral asi a, | ndonesi a, + + I.A.8,10
Mal aysi a
Ae. (F) togoi Coastal Siberia, East + + I.A.7;
and Sout h- East Asi a I11.1,5
Culex((X) sitiens (pastal Qiental region, + + I.A 8,9
E Africa, Madagascar,
Northern Australi a,
S. and W Pacific islands
(7 Meadows and Aedes (0.) cata- VWstern N Anerica + + I1.B.2
woods of high phylla Europe
mount ai ns and communis Pal aearctic region + + 1.B.2
Far North fitchii Northern N Anerica + + I.B.2
hexodont us Northern N Anerica + + I.B.2
i nplicatus Northern N America + + 1.B.2
i ncrepi tus Vestern and Northern + + I.B.2
North Anerica
pullatus Northern Holarctic region + + I.B.2
punct Of Northern Hol arctic region + + I.B.2
sti mul ans N Anerica + + I.B.2
Pe. (A) cinereus Northern Holarctic region + + I.B.2
(8 Arctic tundra Aedes(0.) inp- Northern N Anerica + I.B.1
i ger

nigripes Arctic




B
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Notes on the | arval breeding habitats of pest nosquitos
(Explanation of synbols used in Table 1.7.)

l. Q oundwat er

A. Permanent and seni-permanent quiet waters

1. Freshwater |akes, inpoundnents, ponds, borrow pits, swanps, sloughs, marshes,
bogs, ditches, streambed ponds and backwashes.

2. Small pools and puddl es in ditches, drains and ground depressions caused by
seepage, overfl ow, |eaking water pipes, and rain in urban areas.

3. Ricefields.

4. lrrigated pastures.

5. Polluted sewage | agoons, settling ponds for industrial and agricul tural wastes,
sawn || 1og ponds, stagnhant streans and canals, pit latrines.

6. Rock holes in freshwater stream beds.

7. Saltwater-filled rock holes al ong the sea coast.

8. Brackish and sal twater coastal marshes, |agoons, pools.

9. Inland sal twater pools.

10. Qab holes.

B Tenporary wat er

1. Snow and ice-nelt pools in the open arctic tundra.

2. Snow and ice-nelt pools in high mountains and the northern Pal aearctic regions.

3. Tenmporary rain and flood pools, irrigated pastures, ricefields, marshes, etc.
that are subject to alternate flooding and dewatering.

c Margins of running streans and canal s

II. Plant water-hol ding cavities

Tree hol es.

Leaf axils of taro, banana, Pandanus, abaca, etc.
Epiphytic broneli ads.

Banboo i nt er nodes.

Qut or split banboo.

Coconut husks.

Fal | en pal m spat hes and fl ower bracts.

Nipa pal m base.

O~V W
s e e e & e o

III. Man-nmade, artificial water containers

Véter storage tanks, cisterns, barrels, watering troughs.
Sewer inlets and catch basins, cesspool s.

Stormdrains and street gutters.

Roof gutters.

D scarded tins, buckets, bottles.

Fl ower vases, pots.

O nanent al gar den pool s.

Cenetery urns.

Rai nwat er caught in canoes, etc.

Wo~~SNOTuLm &N =
a e e 4 e+ e e e
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D stribution and biology of inportant pest mosquitos

Mansonia speci es
Distribution:

Adult habits:

Breedi ng habitats:

Life cycle:

| mport ant speci es:

Psor ophor a speci es

D stribution:

Adult habits:

Breedi ng habitats:

Life cycle:

| mportant speci es:

Cosnopol itan; tenperate to tropical regions.

Fierce biters in the vicinity of the breeding pl aces, especially
during the day or in the evening; sone will bite al so in houses
during the night.

Large pernanent bodies of water — | akes, swanps, quiet rivers with
abundant vegetation. Larvae and pupae are attached by breathi ng

si phons to subrerged vascul ar roots of aquatic plants, especially
Pistia stratiotes.

Eggs are deposited in rafts on the surface of the water, or are
attached to the | eaves of aquatic plants. COverw ntering takes
pl ace in the larval stage.

M. africana - Ethi opi an region.

M. annulifera - Qiental region.

M. bonneae - Ml aysi an regi on.

M. dives - SE Asia, Australasia.

My indiana - SE Asia

M. uniformis - BEthiopian and Oriental regions, Austral asia.
My crassipes - Qiental region, Australasia.

My perturbans - N America.

My titillans - N, C and S Anerica.

N, C and S America.

Fierce biters, by day or night, infields and woods in the vicinity
of the breedi ng pl aces.

Tenporary rain and flood pools; ditches and irrigated fields
subject to intermttent flooding and dewatering.

Eggs are deposited singly in the dry or noist soil of dewatered
breedi ng pl aces and are capabl e of resisting |ong periods of
desiccation. CQverwintering as in the egg stage.

Ps. ciliata, confinnis, cyanescens, ferox.




Cosnopol i tan, but predomnant in the Hol arctic region.

Aedes, subgenus Cchl erot at us
D stribution:
Adul't habits:
Breedi ng habitats:
Li fe cycle:
| nportant speci es:
L

These are the serious pest mosquitos of the arctic and subarctic
regions, but al so forman inportant conmponent of the pest nosquitos
in tenperate and tropical regions. The females are fierce biters
by day or night in the vicinity of the breeding places, but sore
speci es are capable of mgrating for long di stances and of creating
a nui sance in communities far removed fromthe production sites.

Tenporary rain or flood pools, |ake nargins, ponds, ditches, irriga-
ted fields, bogs, swanps, and marshes subject to intermttent
fl ooding and dewat eri ng.

Eggs are deposited singly on the soil of the dewatered habitat.
Those of some species are capabl e of surviving desiccation for as
long as 4 years. Qverwintering takes place in the egg stage. In
northern regions there is one generation per year; further south
there may be two or nore.

Ae. canadensi s - Nearctic region; freshwater pools.

Ae. caspi us - Palaearctic region; freshwater pools;
coastal narshes.

Ae. communis - Holarctic region; early spring freshwater
pool s, incl udi ng snow pool s.

Ae. detritus -~ Palaearctic region; coastal saltwater
nmar shes and inland sal twater pool s.

Pe. dorsalis - Holarctic region; fresh and bracki sh water,
snow, rain, and flood pools.

Ae. _excruci ans - Holarctic region; freshwater pools.

Pe. nigripes - Arctic regions of N Anerica, Europe, Asia;
snow and i ce pool s.

Ae. nigronmaculis - Nearctic region; rain pools, irrigated
fields, ditches.

Ae. punctor - Northern Holarctic region; snowand ice
pool s, bogs.

Ae. scapularis - Southern N Arerica, C and S Anerica,
rain and flood pool s.

Ae. serratus - C and S America; rain and flood pools.

Pe. sollicitans - USA; east coast salt marshes, inland salt
pool s.

Pe. sticticus - N Holarctic region; rain and flood pool s.

Ae. st imulans - Nearctic region; snow, rain and flood pools.

Ae. taeniorhynchus - Atlantic coast from New Engl and to Brazil;

Paci fic coast fromCalifornia to Peru;
inland salt pool areas, salt narshes and
sal twat er pool s.
trivittatus N Amrerica; rain and flood pools.
vigilax - Ml aysia and Austral asia; brackish
wat er swanps and mar shes, freshwater
ground and rock pool s.

&

&




Aedes, subgenus Finl aya
D stribution:

Adult habits:
Breedi ng habitats:

Life cycle:

| nportant speci es:

Aedes, subgenus Stegonyia

.Distribution:

Adul t habits:

Breedi ng habitats:

Life cycle:

| nportant speci es:
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Cosnopol itan, especially in tropics and subtropics.

Adults are encountered primarily in woods, forests, and plantations
where they attack by day or night, indoors as well as outdoors.

Leaf axils of taro, banana, abaca, Pandanus, etc.; tree holes,
rock holes, artificial containers.

Eggs are deposited singly above the water |ine, and nay survive
long periods of desiccation. |In nost northern regions there are
several generations per year; here winter is passed in the egg
stage. Breeding is continuous in the tropics or subtropics,
dependi ng upon the availability of water.

Ae. kochi - Australian region.

Pe. poecilius - SE Asian and Australian regions.
Ae. togoi - Qiental region.

Ae. triseriatus - N Amwrica

Ae. fijiensis - Fji.

Asian and Ethi opi an regions. ne species, aegypti, has achi eved
a tropicopolitandistribution.

Adults rest in the shelter of vegetationin the vicinity of the
breeding habitats, and bite primarily by day when their haunts are
i nvaded. Some species are encountered only in their sylvan
environment; others are peridonestic and bite indoors as well as
outdoors. (ne species, aegypti, conprises both outdoor and
domesti ¢ popul ati ons.

Plant cavities, including leaf axils of taro, banana, and Pandanus;
pal m spat hes, banboo stunps, coconut husks, tree hol es, and
artificial containers including tins, jars, barrels, tanks and
vases.

Eggs are deposited singly above the water line in the appropriate
container. Here they may survive desiccation for |ong periods of
time; dry season survival takes place in the egg stage. Breeding
is continuous depending on the availability of water.

Pe. aegypti - Tropics, subtropics.

APe. al bopi ctus - Qiental and Australian regions, Djibouti
and Madagascar,

Ae. guanensi s - Mri anas.

Pe. polynesiensis - Polynesia,

Pe. scutellaris I ndonesi a, Mel anesia, Phili ppines, Pal au,

and Caroline |sl ands.
Ae. simpsoni - Et hi opi an regi on.
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Aedes, subgenus Aedi mor phus

Haenagogus speci es

Di stribution:

Adul t habits:

Breedi ng habitats:

Life cycle:

| mport ant speci es:

Qul ex speci es
D stribution:

Adul t habits:

Breedi ng habitats:

Life cycle:

Ae. vexans - Holarctic and Oriental regions, Pacific islands.
Adults bite by day or night in the vicinity of the breeding place.
Breeding habitats are rain and flood pools; wnter is passed in
the egg stage; one to several broods per year depending on the
latitude.

Neot r opi cal regi on.

These are forest-inhabiting mosquitos. Adults will attack at ground
l evel when their haunts are invaded, but are nmost abundant in the
forest canopy.

Pl ant cavities, including tree hol es and banboo stunps.
Conti nuous breedi ng depending on the availability of water. Dry
season survival takes place in the egg stage, which can survive

desi ccati on.

H spegazzinii - S. America
H sp. falco - C and S Amrica

Cosnopol i t an.

Annoyi ng speci es such as Cx_ pipiens and X qui nquefasci atus are
strongly domestic, and enter houses to feed on the inhabitants by
night. Feeding nmay al so take place out of doors during the evening
or night. Endophilic popul ations rest in houses, especially dark
corners of bedroons, or in nearby shelters such as sheds, bridge
abutnents, culverts, etc. Exophilic species attack during the
evening or at night in the vicinity of their breeding habitats.

G oundwat er, including | ake margi ns, i npoundnents, sl ow strears;
ditches, pools and irrigated fields; donestic species are al so
found in artificial containers such as barrels, tanks, tins, and
vases.

Eggs are laid inrafts on the surface of the water. They do not
wi t hstand desi ccation and hatch within about 2 days. There are

several generations during the surmer in tenperate regions; in the
autum the fertilized femal es accunul ate carbohydrate reserves and
hibernate in a suitable shelter. In the tropics, breeding is

conti nuous.




Cul ex species (cont.)

| mportant species:
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X annulirostris
(0

moucheti

Cx opipiens

Cx_ qui nquef asci at us
(f atigans)

Cx sitiens

Cx tritaeniorhynchus

Cx univittatus

Australian region, Indonesia, Philippines.
Ethiopian region.
Worl dwi de in tenperate regions.

Worl dwi de in tropics and subtropics.

Oriental and Ethiopi an regions,
Austral asi a.

Oriental region, Africa, M ddle- East

Et hi opi an, Indian, and Mediterranean
regi ons.
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Annex 2

LI ST GF ENVI RONVENTAL MANAGEMENT MEASURES WH CH HAVE PROVED TO BE USEFUL
IN THE PREVENTI CN AND CONTRCL GF MALAR A AND SCH STCSOM ASI S

The fol l ow ng environnental management measures have been applied for the prevention and
control of malaria and schistosomasis. They serve to create conditions unfavourable to the
breedi ng and propagation of vectors and intermedi ate hosts, to reduce opportunities for nan/
nosqui to contact or man/cercaria-infested water contact, and to assist in the application of
i nsecticides and nol | usci ci des. Al though specifically addressed to water resources devel op-
nment projects, the neasures are equally applicable to other situations.

The letters(M or (§ indicate that the measure is particularly applicable to nalaria or

schi stosom asi s control respectively. No indicationis given where the measure is equally
applicable to the control of both di seases.

During the design and construction phases

A In reservoirs and surroundi ng areas

1. Renoval of all trees, bushes and other plants that woul d energe at naxi num drawdown
water |evel of the reservoir.

2. Selective clearing of vegetationin the zone of water level fluctuation about 8 m
beyond the normal full reservoir contour at heads of bights for stranding of drifts
(see subchapter I11A, and nuch further on open shorelines.

3. Straightening of nargins through cutting, deepening and filling of the reservoir edge.

4. Construction of dikes and |evees to separate shall ow bays fromthe reservoir and
dewatering of the |ow areas behind the dikes by the operation of gates, so that the
water flows by gravity when the reservoir is at lowlevel or by punping. Dewatering
of runoff from drai nage areas behind the dikes.

5. Renoval of earth fromhigher areas that woul d protrude as snall islands at naxi mum
drawdown water |evel of the reservoir.

6. Filling of natural or man-nade depressions in the vicinity of the reservoir, or
draining of these depressions by ditches |eading to the reservoir.

7. Provision in the damdesign for the periodic fluctuation of water level. Large size
crest gates (Tainter gates).

8. Paving or lining of spillways and diversion channel s where they are exposed to wave
action and erosi on.

9. UWse of waterproof nenbranes of clayey or plastic material at the base and surroundi ngs
of the damto reduce water seepage, and provision of drainage for possible seepage
wat er .

10. Building of boat operating bases, either by the construction of jetties or by the
di gging of small channels for the docking of boats. Ranps for |aunching of boats.



11.

(s)12.

(8)13.

(8)14.

(8)15.
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Provi si on of paths and other means of access to the reservoir edge for vegetation
cl earance and pesti ci de application.

Extension into the reservoir of the drawout Structure or outlet conduit so that water
is not taken fromthe edge.

Screening of intakes to prevent the passage of snails.

Locating intakes of large |akes and reservoirs bel ow the euphotic zone. Belowthis
zone, where sunshine does not penetrate, there should be no snails.

Fencing of the reservoir in the vicinity of villages to di scourage peopl e fromusing
the reservoir.

irrigation systens

10.

11.

12.

Design of nmain canals, laterals and sublaterals to followstraight lines with the
m ni num nunber of bends; any necessary bends shoul d be of anple curvature.

Design of canal gradients and cross-sections to ensure water velocities that prevent
both silting and scouring.

Design of canal grids without interconnexions so that water enters at the head (or
upper) end and flows in one direction only.

Provision of a gate, siphon or other water control device at the tail (or |ower) end
of canals so that they can be flushed and enptied to the nearest drain when necessary.

Provi sion of an effective drai nage systemto collect and di spose of surface and
ground surplus water.

Blimnation of disused canals and drains, and of natural streans intercepted by the
new syst em

Filling or draining of borrowpits along canals and roads. Land |evelling.

Paving or lining of canals as extensively as possible; this is anirrigation inprove-
nment as well as an effective health protection neasure.

Consi deration in the design to using covered conduits or pipes for water distribution
to cultivated plots and for surplus water drainage.

Provi sion of a sufficient nunber of bridges across canals so that the villages are not
isolated fromthe main roads; this will also help the mai ntenance work and the
application of insecticides and molluscicides.

Protection of the canal section at the entrance and exit of culverts, drops, chutes,
control structures, etc. against scouring that nay form depressions.

Designation of "dry belting" areas around villages, and |and occupancy and restriction
nmeasur es.




>
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I n communi ties

1. Selection of sites for villages on high ground with a slight and uni formslope, with
sandy top soil that allows water infiltration; filling of any ground depressions.

2. Location of villages away fromthe edge of the reservoir or the banks of rivers and
canals. A distance of 1.5-2 kmhas proved to be adequate i n reduci ng the incidence
of malaria; this sane distance wll discourage peopl e fromcontact with schistosome-
infected water.

3. Location of animal sheds and stables with a viewto encouragi ng zooprophyl axi s.

(8)4. Provisionof a safe water supply in every settlenent; the type of supply in
accordance with local conditions and inportance of the community.

(8)5. Provision of public facilities for laundry, bathing and recreation of suitable
capacity. |If needed, provision of cattle troughs.

(8)6. Provision of excreta disposal installations suitable to soil conditions and of a type
in keeping with the inportance of the community.

7. Provision of open or closed conduits for the rapid collection, transport and di sposal
of rainwater in accordance with the climate of the locality.

(M)8. Mosquito proofing of houses and sel ection of appropriate housing designs that are
unf avour abl e to nosquit os.

During the mai nt enance and operation phases

I n reservoirs and surroundi ng areas

1. Qearing of subnerged, energing and floating vegetation to keep a bare zone of water
level fluctuation and a cl ean shoreline.

2. Dredging of the reservoir nargin to deepen it and produce steeper sl opes.
3. Repair of dikes and |evees to keep themin proper condition.

4., Filling or draining of natural and nan- made ground depressions of recent formation or
those that were unnoticed at the tinme of construction.

Strai ghteni ng of courses and rectification of gradients of natural streans conveying
water fromthe catchnent area to the reservoir.

Provi sion of proper nanagenent for the punctual operation of water |evel fluctuation.

7. Repair of spillways, diversion channels and other structures scoured by water, and
pavi ng of the danaged secti ons.

8. Repair of drains that collect and convey the seepage water coning fromthe dam or
ot her structures.

T
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(9 9. Repair of grids and screens at the intake structures or suction pipes.
(S)10. Fencing of the reservoir may be advi sabl e when the communities have been provi ded
with a proper water supply.
11. Repair of roads and paths of access to the reservoir edge.
B Inirrigation systens
1 Dredging of canals and drains to bring themback to their original dinmensions and
correct gradients, reshaping of cross-sections, and filling of bed depressions that
nay retain water when enpty.
2. Frequent clearing of vegetation to ensure that the canals and drains are free from
aquatic plants, weeds, etc.
3 Avoi dance of the use of canals for night storage.
4. Repair of control structures and gates to ensure their proper functioning.
5 Repair of culverts, siphons and bridges, and filling of bed depressions forned by
scouring at their entrances and exits.
6. Effective control of water quantity at the intake of the irrigationreservoir and at
the gates to prevent over-irrigation.
7. Levelling and grading of cultivated |and, particularly where it is exposed to
floodi ng, or provision of drainage when levelling and grading is too extensive.
8. Qadual lining of canals, starting in the sections nost exposed to scouring and those
wher e seepage | osses are greatest.
9. @Qadual transformation of open channels to covered conduits and pipes, starting in
the subl aterals and feeding canals. Promotion of subsurface drai nage.
10. Gadual inprovenent of irrigation practices and nmethods (intermttent irrigation,
localized sprinkler irrigation, etc.); gradual inprovenent in agricultural practices.
(M11. Restriction of land use to daytime work in order to reduce the opportunities for
nosqui to biting.
12.  Periodic flushing of canals and drains.
C In comunities
(9 1. Mintenance, extension and inprovement of water supply installations in accordance
with the devel opnent of the cormunity and the anelioration of |iving conditions.
(s) 2. Inprovenent and transfornationof waste disposal installationsin accordance with the
devel oprment of the community and anelioration of |iving conditions.
3. Mintenance, extension and inprovenent of the rainwater collection and di sposal
syst ens.
(M 4. Introduction of a public service for the collection of household and ot her wastes.
(M 5 Msquito proofing of houses, and pronotion of individual protection.
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Annex 3

MATR X FOR THE STUDY AND ANALYSI S GF THE ENVI RONVENTAL | MPACT CF A RESERVA R
IN A WATER RESOURCES DEVELOPMENT PRQIECT

The matrix presented bel owis conposed of two lists. One is of the actions(wrks and
operations) of the proposed project that may have an inpact on the environment; these form
the headi ngs of the vertical colums. The other list is of the environnental factors which
toget her make up the existing ecol ogical systemof the area; each of these follows a horizon-
tal col umn. A mark on one of the bl ocks or squares fornmed by the intersecting colums and
lines indicates a relation between the corresponding action(head of the vertical colum) and
environmental factor (on the left).

The matrix can be used for two purposes. First, as a checklist or rem nder of the full
range of actions and inpacts that should be taken into account in the planning and programing
of the main studies for the analysis of the ecol ogical inpact. A mark on each rel evant bl ock
of the matrix will indicate that a particular proposed action is expected to produce an effect
on a particular factor of the existing environnent. A plus (+) or minus (-) sign on the bl ock
could indicate that a beneficial or detrinental effect (respectively) is foreseen. The
original matrix, used as a checklist to cover all possible subjects requiring study, may have
to be adj usted, shortened or extended, to conformwth the findings of these studies, so that
the second matrix used for the evaluation of the inpact is closer to reality.

The second use of the matrix is to present sumarily the results obtained fromthese
studi es, using a conventional scale of values to indicate the relative intensity and extent of
the expected effect. |In practice, a scale of values ranging from1(for the |owest influence)
to 10(for the highest) has proved to be adequate; a (+) or (-) sign added to the number will
show whet her the influence will be beneficial or detrimental. nly through experience will an
eval uator acquire the skill to judge accurately and inpartially the relative influence of each
effect that may intervene in the assessment of the total inpact.

I n each rel evant block of the matrix there should be two nunbers separated by a di agona
line; one wll represent the magnitude or intensity, the other will represent the inportance
or extent of the effect.

The matrix covers nost of the main actions involved and environmental factors affected.
It is by no means conpl ete and should not be taken as a nodel but as a guide. Each situation
requires the preparation of its own particular matrix.

Q her applications of the matrix

(8@ The matrix can be used for the determ nation of the overall ecol ogical inpact of the
vector control neasures of an antinalaria progranme. For this the matrix should have a
colum for each proposed control measure- for instance, larviciding, residual spraying,
vegetation cl earance in the reservoir, drainage of the surrounding area, and desilting
and weed control in canals. FEach action is analysed to assess the ecol ogical effect it
may produce on all the environnental elements listed onthe left, and the results

are recorded in the corresponding i ntersection boxes.

(b) Likew se, for the deternination of the inpact on nalaria transm ssion that may result
froma water resources devel opnent project, the matrix shoul d have a vertical colum for
each of the proposed actions of the project that may have an effect on nmosquito popula~
tions and densities and on man/vector contact. FEach action is analysed to assess the
effect it may produce on mal aria transm ssion by influencing any of the relevant environ-
nmental factors; each of the latter should have a horizontal space in the matrix.
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In the application of () above, the matrix will give a picture of the nagnitude and
i nportance of the ecol ogi cal inpact, whether beneficial or detrimental, that nay be expected
fromthe antinalaria programme. I n the applicationof (B, the matrix will showthe inpact on
mal ari a transm ssion, whether beneficial or detrimental, that may result froma water resources
devel oprent proj ect.

MATR X FCR THE STUDY AND ANALYSI S GF THE ENVI RONVENTAL | MPACT F A RESERVA R
IN A WATER RESOURCES DEVELCPMENT PROJECT

Proposed actions that may cause environmental inpact
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Cont'd

Crops

Trees and shrubs

Grass and weeds

FLORA

Aquatic plants

Endangered species

Insects

Fish

Birds

BIOLOGICAL CONDITIONS

FAUNA

Land animals

Endangered species

Agriculture

Forestry

Grazing

Fishing

Hunting

Human settlements

Boating and swimming

Camping and hiking

Resorts

RECREATION LAND & WATER USE

Wilderness

FACTORS

AESTHETICS AND

Open space

Parks and reserves

INTEREST

Monuments

Historical sites

Cultural patterns

Population density

CULTURAL

Employment

Health and safety

Industries

Structures

Transport networks

Utilities networks

MAN-MADE WORKS | HUMAN STATUS

Waste disposal

Food chains

Water degradation

Brush encroachment

Eutrophication

Disease vectors

ECOLOGICAL
RELATIONSHIPS

Others
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Annex 4

CHECKLI ST F MAJCR STEPS FOR THE PREVENTI ON AND CONTROL GF VECTOR- BCR\E DI SEASES

AT EACH PHASE CF WATER RESOURCES DEVELCPMENT PRQIECTS

PLANN NG PHASE

(1)

(2

Revi ew of existing informationon health and related subjects

(a) Epidemology: norbidity and nortality rates, geographic distribution, vector ecol ogy.

(b) Health and nedical services: facilities, staff, special projects and programes,
degree of devel opnment, capacity and coverage.

{¢) Human popul ation and characteristics: agricultural, mgrant, nonadic(and other)
popul ation growt h, inportance of m gratory novenent, displacement within the project
area.

(d) Cattle: nunber and econom c inportance, cattle di seases.

(e) Community and housing patterns: |ocation, design, construction naterials.

(£f) \Water supply, excreta and waste disposal facilities.

(g) Qimatic patterns: tenperature, rainfall, humidity, w nd, etc.

(h) Water: surface water and groundwater, quality, pollution, abundance and seasonal
variation, floods and droughts, seasonal variationin tenperature.

(i) Soil: physical and chem cal characteristics, including permeability, stability,
salt content, etc.

(j) Natural and cultivated aquatic and |and vegetation, donmestic and wild animals.

(k) Econony: national and | ocal, sources and |evels of incone.

(1) Topographic maps: contour lines, roads, villages, etc. of the region and the water-
shed, design plans of proposed project, etc.

Surveys: To check informationor fill in gaps; collectionand assessnent of basic data

by specialists

(a)
(b)
(c)
(d)
(e)
()
(2)
(h)
(1)

Det ai | ed epi denmi ol ogy of najor existing di seases and bi ol ogy and ecol ogy of principal
vectors.

Heal th and medi cal services, disease and vector control programes and activities,
eval uation of effectiveness and resources.

Human and cattl e nmovenents: migratory currents, their origin and paths.

Sanitation: sources of water supply(in use and potential), investigation of ground-
wat er sources, active and potential sources and ways of pollution, practices with
wat er contact, excreta disposal, cattle watering and manure di sposal .

Exi sting and proposed agricultural crops and practices: irrigation methods, suitable
crops, rotation in cultures and irrigation, use of pesticides and fertilizers, their
ki nd and amount .

Local econony: at present, and prospects of future devel opnent.

Sociocul tural patterns: present |evel, and possible disturbance as a result of the
project.

Engi neering and operational reconnai ssance and nappi ng for ecol ogi cal, hydrol ogi cal
and geol ogi cal (or soil) studies.

Contact with agencies operating in the project area, type of their activities, and
possibility for assistance and coordination.




(3) Decision-making for the prevention and control of di seases

(1)

(2)
(3)

(4)

(5)

(6)

(7)

(8)

(a)
(b
(©
(d

(e)
(f)
(9

(h)
(1)

Establ i shnent of design criteria to mnimze health hazards and to achi eve the objectives
of the heal th programe.

Eval uation of prelimnary project designs and alternatives.

Establ i shnent of proposed practices of water systemmnanagenent and their effects on vector
habi t at s.

Prelimnary design and options for canal |ining, overpasses, and other health protection
struct ures.

Final detailed design of works in the reservoir:

(a)
(b)
()
(d)

Fi nal

(a)
(b)
(o)
(d)
(e)
(f)

Shorel i ne nodi fication and i nproverent .

A earance and di sposal of trees and brush, nan-nade structures and fences.

Rel ocation of roads, villages, cemeteries, shrines, etc.

D scharge structures sized for water |evel nmanagenment and downstream fl ushi ng.

detail ed design of works in irrigation schenes:

Equal i zing reservoirs and night storage ponds, when necessary.

Canal s and drains.

Regul ating structures, gates, sluices, etc. and distributing chanbers.
n-farmwat er use.

QG oundwat er use and control .

Potential for incorporating domestic water supply.

Final detailed design of neasures and works in communities:

(a)

(b)

()
(d

Selection of sites(distant fromwater) for new commnities.
Provi si on of safe, adequate and conveni ent water supply and sewage di sposal systens.
Recreation, safe ponds as alternative to infected water contact, sports grounds, etc.

Qher protective nmeasures, such as house screening, surface water drainage, general
sanitation, public laundry installation, etc.

Provi sions for mai ntenance activities and their financing.
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Revi ew of project proposals and prelimnary designs and options.
I dentification of existing health problens.
Prediction of possible future problens and of their health effects.
Determnation of the inportance and extent of actual and potential health probl ens
to establish an order of priorities in prevention and control operations.
Feasi bility studies of control neasures, including cost/effectiveness and cost/
benefit anal ysis.
Selection of village sites and types of water supply and excreta disposal installa-
tions.
Sel ection of methods of vector and di sease control and estimates of nanpower and
or gani zat i onal requirenents.
Organi zation of field trials and pilot projects.
Settlement of displaced and i mmgrant popul ations and estimates for the provision of
wat er supply, sanitation and other health facilities.

DES| GN PHASE
L




(9

(10

(11)

(12)
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Envi ronment al nanagenent :

(a) Regulating structures for neasurenent and control of water discharge and velocity.

(b) Gates required for rapid drying and flushing of irrigation subsystens.

(c) Adjustnent of water salinity in coastal breeding sites through the installation and
operation of gates.

(d Water level nmanagenent in snall reservoirs by means of autonatic siphon spillways.

(e9 Safe crossings and bridges over canal s and drains.

(f) Lining of canals and drains, closed or subsurface conduits.

| mproverent and sinplification of chenical and biol ogi cal control:
(a) Design dispensers for chenical applicationattached to or incorporated in regulating
structures; netal rakes and screens agai nst snails.
(b)  Provide access roads and paths for surveillance and spraying, clear water |anes and
| andi ngs for boats.

Public health educati on and devel opnent of community partici pation.

Health facilities — dispensaries and hospitals.

OQONSTRUCTI N PHASE

(1
(2)

(3)
(4)
(5)

(6)

(8)

Heal th protection of the construction | abour force.

Special facilities for disease control and treatment at the construction site.
Adequat e housing and sanitary facilities for construction workers and their famlies.
Surveill ance of infections in inported nanpower and the | ocal popul ation.

Moni tori ng, vaccination and treatment of the local popul ation, and elinination and
control of endem c di seases, especially those with potential for intensificationas a

result of the project operation.

Environmental protection, erosion, spillage, air and water pollution, disposal of wastes,
aesthetic alterations, etc.

I nspection to ensure that constructionis carried out according to the heal th designs.

Public health education and devel opnent of comunity participation.

CPERATI ON PHASE

(1)
(2
©)

)
(5)

Al ocation of funds, assignnent of staff and inplementation of di sease control programes.
Surveill ance, screening and treatnent of infected persons.

Est abl i shnment of rule curves and schedul es for the control of nosquitos, snails, flies,
weeds, etc.

Establishment of water level management practice and schedules.

Maintenance and modernization of structures and other works.




(6)
]

(8
(9

(10)

(1
(12

(13
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Appl ication of chem cal and bi ol ogi cal nethods for vector and weed control .
Drai nage of all water collections around the reservoir.

Prevention and correction of excessive seepage.

- farmwat er managenent .

Qper ation, nai ntenance, inprovenent and devel opnent of water supply and sewage di sposal
systens, general sanitation.

Public health education and devel oprent of comunity participation.

Eval uati on of vector and di sease pattern changes, efficacy of control programes, study
and inpl ementation of amendrments or alterations to inprove results.

Preparation of periodic and special reports for information.
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Annex 5

EQU PMENT FOR ENVI RONVENTAL  MANAGEMENT

1 Pl ough ditchers

Pl ough and bl ade ditchers are common. They have no noving parts, are conparatively cheap,
and are available in sizes suitable for pulling by all sizes of tractors.

The ordinary singl e-furrownmnoul dboard pl ough can be used to cut a roughly rectangular-
shaped ditch of dimensions imted by the plough conponents. The soil turned out fromthe
furrowis deposited on one or both sides depending on the design(Fgs. 1 and 2. Coul ters
nay be either of the knife or rolling-disk type. Knives are generally preferred on stony soil
as they allowa nmore even working depth to be nmaintained. Special ploughshares to cut a
U shaped furrowbottomare sonmetines fitted and are favoured when cutting surface drains in
grass |and.

2. Furrow type ditchers

The true "furrow ng" plough, as devel oped in Europe, is particularly suitable for work
under very wet conditions. It has two noul dboards so arranged that half of the soil is turned
to the left and half to the right side of the ditch that is cut. To push the soil further
anay fromthe ditch wall, wings can be fitted to the rear of each noul dboard (Fig. 3. O the
| arger nodel drawn by heavy tractors, the noul dboard can be extended into shaped pi eces which
formthe excavated soil into the required bank contour. On the larger ploughs, a third
centrally mounted coulter is sometimes fitted ahead of the shear to cut the furrow slash |ongi-
tudinally before the soil is lifted up and turned by the noul dboar ds.

I n operation with both the single and doubl e moul dboards for ditching pl oughs, the tractor
is driven along the line of the ditch. The working depth is controlled by altering the pitch
of the body and raising or lowering the plough beamin relation to the supporting wheels or
skid. On the larger tractor-drawn nodels, depth is controlled hydraulically or by cable and
W nch.

This type of ditcher is used for cutting surface drains in soft soils and for the
prelimnary drai nage of very wet land before reclamation. Were the land is very soft and
both ditchers and tractors may becone bogged down, especially w de wheels or tracks can be
fitted to the ditcher.

3. The V-drag ditcher

A very sinple inplenent, the V-drag ditcher (Fg. 4, not to be confused with the Anerican
V-bl ade ditcher, can be constructed by any rural carpenter and snith. It is an inexpensive
and effective inplenent for both the construction and the nai ntenance of snall ditches.

Bot h singl e and doubl e moul dboard ditchi ng pl oughs can be used for cleaning and restoring
the profile of the ditches they have cut, providing the tractors can straddl e the ditch or the
pl oughs can be sufficiently of fset.
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The doubl e- bl ade or American V-type ditcher consists basically of two blades attached to
each other to forma "v"(Fg. 9. The |lower edge of each blade is sharp, and this enabl es
the ditcher both to cut and to finish the ditch wall. The spoil noves upwards al ong the bl ade

I and is deposited at both sides of the ditch. Depth is controlled by adjusting the drawbar to

I 4 The V-bl ade ditcher
i
i

restrict the dowward nmovenent of the beam and the angl e of penetration can al so be altered.
Bot h deep and shal | owwork can be done. There are nodels for all sizes of tractors and they
can be trailed or mounted on the hydraulic three-point hitch. Blade ditchers, while particu-
larly efficient and fast working in hard dry soils, are generally nuch less suitable than the
nmoul dboard type on wet soils which do not scour well.

5. Excavat or s ( backhoes)

Smal | hydraulically operated nachi nes can be used as nobil e excavators. Fitted with
suitabl e buckets they can both cut and clean irrigation and drai nage ditches. A nunber of
manuf act urers are now naki ng hydraul ically operated ditch-cutting and cl eani ng equi prent for
use with standard agricultural tractors(FHg. 6. The nai n advant ages of fered by farm—tractor-
nount ed excavators are:

(a) They are very nobile and can be moved fromone worksite to another without special
transport.

Hydraul i c control gives very accurate placing of the bucket, and one-nman operation

I (b)
I can be accurate and efficient.

(c) The tractors can be quickly converted back to their normal formand used for farm
wor K.

(d) Buckets of various sizes and shapes al | owthe machi nes to be used for a wide variety
of both agricultural and civil engineering work; this nakes themespecially attrac-
tive to a contractor.

The majority of these machines are nounted at the rear of the tractor and the buckets are
arranged so that the digging tine or cutting edge is pulled toward the key post to which the
boom and digging arns are fastened. Reach and working depth depend | argely on the length of
the boomand digger arns. On larger nachi nes, the digging depth can be up to 5.2-6.0 m and

the reach can be from3.6-4.3 m Wth all types of bucket ditchers or backhoes, the output
falls when liquid or semliquid spoil has to be dealt with. The best performance with these
I types is obtained in fairly dry naterials.
The smal| ditchers, designed for use with standard agricultural tractors, can be operated
I fromthe hydraulic systens on the tractors. |In nost cases, small tractor-nounted ditchers are
of small capacity. Larger nodel s are permanently nounted; they are used in civil engineering
I work as wel | as for digging open drains.
I 6. Dragline
A dragline is nuch used in civil engineering work. It is usually self-propelled and
nounted on tracks. Its power varies from30 to 120 hp and digging rates vary fromabout 20 to

100 n¥/h. In recent years, draglines have been increasingly used by irrigation and drai nage
authorities for cutting and cleaning |arge open ditches.

Straight drag and back-acting excavators (draglines), when used for cutting, are driven
along the line of the ditch. As the bucket is virtually free-swinging fromthe cables, it is
sel dompossible for it to finish the wall and banks to exact specifications. The walls very
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often need to be trimed by hand or by another machine such as a grader or a gradall. Despite
this seeming di sadvantage, an experienced operator can do surprisingly accurate work with a
dragline, and he can considerably reduce the amount of |abour required for finishing. Cable-
operated or dragline excavators are suitable for cleaning ditches only under special condi-
tions, when the ditch is narrow enough to be straddl ed by the excavator and when both banks
are unobstructed and able to bear the weight of the nachine. A ditch to be excavated or
cleaned with a dragline(Fig. 7) should have the proper cross-sectionor wdth for the bucket
to be pulled across with the sane action as a scoop ditcher or front-end bucket |oader.

Wen used for cleaning wet ditches, the output of a dragline is greatly reduced and,
whil e larger buckets with drain holes nay give better results, it is always better to drain
the ditch before cleaning. Secondary irrigationditches are fairly easily drained, but those
whi ch constantly carry water may have to be tenporarily dammed and the water punped out before
dragline cleaning starts.

7. Trenchers for laying plastic drain tubing

Plastic tube drain installationmy be done by several types of trenching machines, but
the two nost commonly enpl oyed by contractors are the bucket-wheel type(Fg. 8 and the
trenchl ess or plough type. The bucket-wheel type of trencher has a | arge wheel nounted on a
frame at the rear of the nachine. The wheel can be nmoved up and down by power to keep the
machi ne on grade. Attached to the wheel are excavating buckets. |mediately behind the
bucket -wheel is a cutting shoe and a shield to keep the |l oose earth fromfalling into the
trench. The cutting shoe shapes the bottomof the trench for the drain. The shield is long
enough to allowthe drain tubing to be placed in a clean trench within the shield. The
excavating buckets carry the excavated material upward and place it on a conveyor which
deposits it on the ground at one side of the trench.

D fferent sizes of bucket-wheel -type trenchers are available for various depths and wi dths
of the required excavation. They may be mounted on wheels or on semicraw er or full-craw er
frames. Buckets may be changed to fit the type of soil in which the excavation is to be nade.

8. Tr ucks

Trucks are commonly used in irrigation projects because they can haul earth materials at
hi gh speeds over distances as long as required. Trucks are available in snall to large sizes.
The truck shown in Fig. 9 has a capacity of approximately 30 nd. It is capable of operating
off the highway and of hauling earth fromany excavationsite to any fill site. The truck
body is heavy and can carry large rock as well as earth naterials.

9 Rotary ditchers

The ditcher is equipped with a box of the same shape as the ditch. The box keeps the
ditcher on course and nakes for true cutting. The cutting blades are nounted on a wheel on
one or both sides of the box; they cut the laterals of the ditch as the wheel rotates. The
soil is pulverized on the ditch sides 6-15 maway fromthe edge. The ditcher is towed by a
tractor and is free to nove up or down.

Several types are available. (e nmake can be used with tractors from35 to 100 hp for
the singl e-wheel type and from90 to 140 hp for the doubl e-wheel type. These can dig ditches
0.7-1.9 mwde with 0.24-0.30 mbase and 0.40-1.25 mdepth. They wei gh from320 to 1130 kg.
The equi pnent is rather inexpensive(Us$ 700-3000 at 1980 prices) and the most expensive one
costs less than a field vehicle(see Fig. 10.




Many other types of construction equipment are manufactured for several purposes; how—
ever, the types described above are the general types used on most earth construction projects.
In Table IITH-1 (see subchapter IIIH), the equipment is divided into small, medium and heavy
types with descriptions of the use of the different machines.

Fig. 1L Muldboard plough fitted with two coulters for cutting small ditches.

Fig. 2 Small ditching plough. Q%




- 280 -

Fig. 3. Large furrow-type ditcher with wings for pushing the soil clear
of the ditch.

.\:\.\ g \\
Fig. 4. Simple homemade drag ditcher.
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Fig. 6 \Weel excavator (backhoe)-1oader, mounted on a farmtractor.




Fig. 7. Dragline with weed-cleaning bucket.

Fig. 8 Bucket-wheel trencher for installing plastic drain tubing.




Fig. 9. Of-highway truck.

for tractors of 35-45 HP

for tractors of 50-60 HP

Fig. 10. Rotary ditchers.
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B. OTTawa, Ont. KIP 5RS5. Correspondence concerning subscriptions
should be addressed to the World Health Organization, Distribution
and Sales, 1211 GEnevA 27, Switzerland

CHINA: China National Publications import Corporation. P.O. Box 83.
BEUING (PEKING)

COLOMBIA: Distrilibros Ltd. Pio Alfonso Garcia, Carrera 4a. Nos 36—
119, CARTAGENA

CYPRUS: Publishers' Distributors Cyprus, 30 Democratias Ave Ayios
Dhometious. P.O. Box 4165. Nicosla

CZECHOSLOVAKIA: Ania. Ve Smeckach 30. 11127 PraGuUE |

DENMARK: Munksgaard Export and Subscription Service, Nerre
Segade 35. 1370 COPENHAGEN K

ECUADQR: Libreria Cientifica S.A. P.O. Box 362. Luaue 223
GUAYAQUIL

EGYPT: Osiris Office for Books and Reviews. 50 Kasr EI Nil Slreet. CAro

EL SALVADOR: Libreria Estudiantil, Edificio Comercial B No 3.
Avenida Libertad, SAN SALVADOR

F1JI: The WHO Programme Coordinator. P.O Box 113, Suva

FINLAND: Akateeminen Kirjakauppa. Keskuskatu 2, 00t0f HeLsinkt
1A

FRANCE: Librairie Arnette, 2 rue Casimir-Delavigne, 75006 Paris

GERMAN DEMOCRATIC REPUBLIC? Buchhaus Leipzig, Postfach
140, 701 LEwPZIG

GERMANY, FEDERAL REPUBLIC OF: Govi-Verlag GmbH, Ginn-
heimerstrasse 20. Postfach 5360. 6236 EscHBORN — W. E. Saarbach.
Postfach 101610, Follerstrasse 2 5000 KOLN | — Alex. Horn. Spiegel-
gasse 9, Postfach 3340. 6200 WIESBADEN

GHANA: Fides Enterprises, P.O. Box 1628, AcCCRA

GREECE: G. C. Eleftheroudakis S.A., Librairie internationale, rue
Nikis 4. ATHENS (T. 126)

HAITI: Max Bouchereau. Librairie "A la Caravelle™. Boite postale 111-
B. PORT-AU-PRINCE

HONG KONG: Hong Kong Government Information Services. Bea-
consfield House. 6th Floor. Queen's Road, Central. Vicrora

HUNGARY: Kultura. P.O.B. 149. BubapesT 62 — Akademiai Kényves-
bolt. Vaci utca 22. BUDAPEST V

ICELAND: Snaebjern Jonsson & Co. P.O. Box 131, Hafnarstraeti 9,
REYKJIAVIK

INDIA: WHO Regional Office for South-East Asia. World Health
House. Indraprastha Estate, Ring Road. New Deirn 110002 —
Oxford Book & Stationery Co. Scindia House. NEw DLt 110001:;
17 Park Street. CALCUTTA 700016 (Sub-agent)

INDONESIA: MJs Kalman Book Service Ltd. Kwitang Raya No. I1.
P.O. Box 3105/Jkt., JAKARTA

IRAN: Iranian Amalgamated Distribution Agency. 151 Khiaban Soraya.
TEHERAN

IRAQ: Ministry of Information. National House for Publishing. Distri-
buting and Advertising. BAGHDAD

IRELAND: The Stationery Office. DuBLIN 4

ISRAEL: Heiliger & Co.. 3 Nathan Strauss Street. JERUSALEM

ITALY: Edizioni Minerva Medica, Corso Bramante 83-85. 10126
TuriN, Via Lamarmora 3.20100 MiLAN

JAPAN: Maruzen Co. Lid, P.O. Box 5050. Tokvo International,
100-31

KOREA, REPUBLIC OF: The WHO Programme Coordinator. Cen-
tral P.O. Box 540. SEouL

KUWAIT: The Kuwait BookshopsCo. Ltd, Thunayan Al-Ghanem Bldg.
P.O. Box 2942. KuwAIT

LAQ PEOPLES DEMOCRATIC REPUBLIC: The WHO Programme )
Coordinator, P.O. Box 343, VIENTIANE

LEBANON: The Levant Distributors Co. S.A.R.L.. Box 1181. Makdassi
Street. Hanna Bldg. Belrur

LUXEMBOURG: Librairie du Centre. 49 bd Royal, LUXEMBOURG

MALAWI: Malawi Book Service. P.O. Box 30044. Chichiti, BLANTYRE 3

MALAYSIA: The WHO Programme Coordinator. Room 1004, Fitzpa-
trick Building, Jalan Raja Chulan. KuaLa LuMpPur 05-02 — Jubilee
(Book) Store Ltd. 97 Jalan Tuanku Abdul Rahman. P.O. Box 629.
Kuata LUMPUR 01-08 — Parry's Book Center, K. L. Hilton Hotel.
Jin. Treacher. P.O. Box 960, KuALa LUMPUR

MEXICO: La Prensa Médica Mexicana. Ediciones Cientificas, Paseo de
las Facultades 26, Apt. Postal 20413, Mexico Crry 20, D.F.

MONGOLIA: see India. WHO Regional Office

MOROCCO: Editions La Porte, 281 avenue Mohammed V. RaBat

MOZAMBIQUE: INLD. Caixa Postal 4030. MapuTO

NEPAL: see India, WHO Regional Office

NETHERLANDS: Medical Books Europe BV. Noordenval38.7241 BL

LocHem

NEW ZEALAND: Government Printing Office, Publications Section.
Mulgrave Street, Private Bag. WeLLINGTON |; Walter Streel, WeL-
LINGTON; World Trade Building, Cubacade. Cuba Street. WELLINGTON.
Government Bookshops at: Hannaford Burton Building. Rutland
Street, Private Bag. AuckLAND: 159 Hereford Street. Private Bag.
CHRISTCHURCH;; Alexandra Street. P.O. Box 857. HAMILTON; T & G
Building. Princes Street. P.O. Box 1104. DuNepIN — R. Hill & Son,
Lid, Ideal House. Cnr Gillies Avenue & Eden St. Newmarket. Auck-
LAND 1

NIGERIA: University Bookshop Nigeria Lid. University of Ibadan.
IBADAN

NORWAY: J. G. Tanum A/S, P.O. Box 1177 Sentrum, OsLo |

PAKISTAN: Mirza Book Agency. 65 Shahrah-E-Quaid-E-Azam, P.O.
Box 729. LaHORE 3

PAPUA NEW GUINEA: The WHO Programme Coordinator. P.O.
Box 58%. Boroko

PHILIPPINES: World Health Organization. Regional Office for the
Western Pacific. P.O. Box 2932. ManiLA — The Modern Book Com-
pany Inc.. P.O. Box 632.922 Rizal Avenue, MANILA 2800

POLAND: Sktadnica Ksi¢garska, ul Mazowiecka 9. 00052 Warsaw
(except periodicals) — BKWZ Ruch, ul Wronia 23. 00840 WARSAW
(periodicals only)

PORTUGAL: Livraria Rodrigues. 186 Rua do Ouro. LisBon 2

SIERRA LEONE: Njala University College Bookshop (University of
Sierra Leone). Private Mail Bag. FREETOWN

SINGAPORE: The WHO Programme Coordinator. 144 Moulmein
Road. G.P.O. Box 3457, SNGAPORE | — Select Books (Re) Ltd. 215
Tanglin Shopping Centre. 2/F, 19 Tanglin Road. SINGAPORE 10

SOUTH AFRICA: Van Schaik's Bookstore (Ply) Ltd. P.O. Box 724. 268
Church Street. PRETORIA

SPAIN: Comercial Atheneum S.A.. Consejo de Ciento 130-136, BARCE-
LONA |S: General Moscardo 29, MaDRID 20 — Libreria Diaz de
Santos. Lagasca 95 y Maldonado 6. MADRID 6; Balmes 417 y 419.
BARCELONA 22

SRI LANKA: see India. WHO Regional Office

SWEDEN: Aktiebolaget C. E. Fritzes Kungl. Hovbokhandel, Regerings-
gatan 12, 10327 STOCKHOLM

SWITZERLAND: Medizinischer Verlag Hans Huber, Linggass Strasse
76. 3012 BERN 9

SYRIAN ARAB REPUBLIC: M. Farras Kekhia, P.O. Box No. 5221.
ALEPPO

THAILAND: see India. WHO Regional Office

TUNISIA: Société Tunisienne de Diffusion. 5avenue de Carthage, Tunis

TURKEY: Haset Kitapevi. 469 Istiklal Caddesi. Beyoglu, IstanBuL

UNITED KINGDOM: H.M. Stationery Office: 49 High Holborn.
Lonpon WCIV 6HB: 13a Castle Slreet, EDNBURGH EH2 3AR; 41
The Hayes, CARDIFF CFI IJW: 80 Chichester Street. BeLFasT BTI
4JY: Brazennose Street. MANCHESTER M60 8AS: 258 Broad Street.
BrvNGHAaM Bl 2HE; Southey House, Wine Street. BristoL BS| 2BQ.
All mail orders should he sentto P.O. Box 569, LoNnpoN SEI 9NH

UNITED STATES OF AMERICA: Single and bulk copies o indi-
vidual publications (not subscriptions): WHO Publications Centre
USA. 49 Sheridan Avenue. ALBANY, N.Y. 12210. Subscriptions: Sub-
scription orders, accompanied by check made out to the Chemical
Bank. New York, Account World Health Organization, should he se#s
to the World Health Organization. P.O. Box 5284. Church Slreet Sta-
tion. NEw York. N.Y. 10249. Correspondence concerning subscriptions
should he addressed to the World Health Organization. Distribution
and Sales. 1211 GENEVA 27. Switzerland. Publications ore also avail-
ahle from the United Nations Bookshop. NEw York. N.Y. 10017
(retail only}

USSR: For readers in the USSR requiring Russian editions. Komso-
molskij prospekt 18, Medicinskaja Kniga. Moscow — For readers
outside the USSR requiring Russian editions: Kuzneckij most 18,
MezZdunarodnaja Kniga. Moscow G-200

VENEZUELA: Editorial Interamericana de Venezuela C.A.. Apartado
50.785. CArAcAs 105 — Libreria del Este, Apartado 60.337. CARACAS
106 — Libreria Médica Paris. Apartado 60.681, CArRACAS 106

YUGOSLAVIA: Jugoslovenska Knjiga, Terazije 2711, 11000
BELGRADE

ZAIRE: Librairie universitaire. avenue de la Paix Ne 167. B.P. 1682,
KINsHASA |

Special terms for developing countries are obtainable on application to the WHO Programme Coordinators or WHO
Regional Offices listed above or to the World Health Organization, Distribution and Sales Service, 1211 Geneva 27, Switzer-
land. Orders from countries where sales agents have not yet been appointed may also be sent to the Geneva address, but
must be paid for in pounds sterling, US dollars, or Swiss francs.

Price: Sw. fr.22 —

Prices are subject to change without notice. c/1/81




