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PART C: Negative health effects of water resource projects 
and environmental management measures for their control 

 

Each water resource development project may create its own specific vector-borne disease 
problems. Therefore, it requires special training, knowledge and experience to determine the 
potential environmental or health impacts of irrigation, drainage and flood control projects.  

By properly planning and managing water resource development projects, the need for 
special chemical or environmental management methods for vector control later on may be 
avoided. If the principles of vector control measures are already included in the planning 
phase, and if the scheme is adequately managed and maintained, there will be no grave 
adverse health effects on the human population. Where water projects have created vector-
borne disease problems it is important to implement the concept of integrated vector control 
and ensure its conscientious use in the operational phase. This concept is important in all 
types of water resource developmental projects. The concept of integrated vector control is 
given in Figure 10:  

Figure 10: CONCEPT OF INTEGRATED VECTOR CONTROL  

 

Adapted from: Axtell, R.C. Principles of integrated pest management (IPM) in relation to 
mosquito control. (Mosquito News, 39:709-718; 1979) 



The WHO Expert Committee on Vector Biology and Control in 1979 defined environmental 
management activities as follows:  

Environmental management for vector control: The planning. organization, carrying out 
and monitoring of activities for the modification and/or manipulation of environmental factors 
or their interaction with man with a view to preventing or minimizing vector propagation and 
reducing man-vector-pathogen contact.  

 

Environmental management for mosquito control covers a wide range of works and 
operations which can be further classified and defined: (Source: WHO Technical Report 
Series, No. 649,1980.)  

a) Environmental modification: “A form of environmental management consisting of any 
physical transformation that is permanent or long-lasting of land, water and vegetation, 
aimed at preventing, eliminating or reducing the habitats of vectors without causing unduly 
adverse effects on the quality of the human environment.” Environmental modification 
includes drainage, filling, land levelling and transformation and impoundment margins. 
Although these works are usually of a permanent nature, proper operation and adequate 
maintenance are essential for their effective functioning. 

 

b) Environmental manipulation: “A form of environmental management consisting of any 
planned recurrent activity aimed at producing temporary conditions unfavourable to 
breeding of vectors in their habitats.” Water salinity changes, stream flushing, regulation of 



the 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 reduces man - vector-pathogen contact.” Examples of 
this kind of approach include the siting of settlements away from vector sources, mosquito 
proofing of houses, personal protection and hygiene measures against vectors, 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, and zooprophylaxis, the strategic placement of cattle as a buffer 
between mosquito breeding places and areas of human habitation to divert vectors away 
from the human blood source.  

Due to the different behaviour and habitats of vectors, detained specific investigations are 
needed to evaluate the potential risks of a water resource development project. Nevertheless 
two general statements may be made, as many species or larger taxonomic groups have 
common environmental requirements.  

 

1. Many vectors require an aquatic environment, either in their immature stages 
(mosquitoes, blackflies) or throughout their lifecycle (snails).  

2. Aquatic weeds, if not too dense, promote vector development, giving them 
protection from direct sunlight, natural enemies, wind and water current (except 
blackflies) as well as providing fodder (snails).  

Basically for all environmental management measures, including the management and 
maintenance of irrigation, drainage, and flood control projects, the following pertinent 
questions may be asked:  

• a are additional water bodies essential and which are the important water properties 
(quality, flow velocities)?  

• How is the micro-climate affected (i.e., raising of humidity and average warm 
temperature favours vector breeding.)?  



• Which aquatic weeds are involved (in addition to protection, many vectors are 
associated with specific weeds.)?  

• What are the consequences of a project for the behaviour of the inhabitants 
(settlements near impoundments and irrigation channels.)? 

 

It is important to understand the components of an irrigation scheme such as water 
catchment, impoundment, water distribution, irrigation methods, drainage and ancillary 
structures. They are discussed below in relation to their interactions with vector habitats.  

Water offtakes and intakes 

1.1 Favourable vector habitats  

• pools and puddles created by water seepage and lack of drainage near wells and river 
catchments.  

• the inlet structure of catchments slows down water velocity and may favour weed growth. 

  



  

1.2 Environmental management measures  

• concrete aprons round the service point with a 
drain pipe to remove waste water  

• soakaways or seepage pits (holes or trenches in 
the ground filled with stones through which waste 
water can seep away into the surrounding soil)  

• proper maintenance and weed control. 

 
 
 
 
 
 
 
 
 
 
 

 

 



 

 

 

Impoundments 

2. IMPOUNDMENTS (for hydro-electric power, irrigation, flood control, water supply 
and/or recreation; mostly multi-purpose reservoirs).  

2.1 Favourable mosquito habitats  



It has been observed that in the absence of floating mats of vegetation, vectors do not breed 
or live in deep waters (> 1.5m) far from the margins of the reservoirs. Furthermore there is 
little significant vector breeding along the steep, main shoreline exposed to wave action. The 
impoundment areas subject to vector problems lie within protected hollows, and 
indentations of the shoreline, where water is usually shallow and contains aquatic 
vegetation and other floating material.  

 

• Large impoundments affect the microclimate and produce variations in water temperature 
which in turn influence mosquito breeding.  

• Mosquito population densities may be especially high in reservoirs with small average 
depth.  

• Frequently human settlements are built near large impoundments, especially when water is 
scarce. Bathing, fishing, washing clothes, etc. leads to close man/vector contact. 

 



  

2.2 Environmental management measures  

• Reservoir site clearing: Proper preparation of 
the reservoir site, and in particular removal of 
trees and other vegetation, is needed to ensure 
a clear water surface at all elevations between 
high and low operational water levels:  
i) clearing of shoreline subject to erosion,  

ii) clearing at heads of bays and indentations,  

iii) drainage of reservoir margins,  

iiii) deepening and filling: Topographical 
alteration may 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 combination of a) and b), which normally will 
be the most economical. 



• Water level 
fluctuation: Any 
special 
requirement for 
this purpose, 
such as spillway 
control gates, 
should be 
incorporated in 
the initial dam 
and reservoir 
design. 

• Maintenance: 
Development of 
an effective 
programme for 
shoreline and 
drainage 
maintenance, 
vegetation 
growth control 
and drift removal 
after the 

reservoir has been filled.  

• Resettlement and settlement of population: Depending on the tradition and cultural 
background of the population concerned , site selection is a primary consideration. 
Settlements should be located as far away (over 1.5 km) from mosquito sources as possible. 
Sanitary facilities of a standard that ensures protection against disease transmission should 
be provided and maintained. The provision of facilities such as community swimming pools, 
where it is relatively easy to avoid infestation or breeding of vectors of disease, would make 
up a relatively small part of the cost of a large irrigation scheme. 

Irrigation methods 

In open irrigation canals, water leaving the 
reservoir, river or pumping station is conveyed 
along main canals to lateral ones and finally 
reaches the distribution ditches that supply the 
cultivated fields. Vector problems can be 
expected to occur throughout the entire canal 
complex and will be discussed later. This section 
deals with problems in the cultivated fields.  

A number of irrigation methods have been 
devised to meet particular situations in 
topography, water supply, crops, customs and 
agricultural practices. The most common 
methods are:  
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Uncontrolled or wild flooding: surface flooding in which water is diverted to non-prepared 
areas and is let to flow down the natural slopes without controlling its distribution. Also 
referred to as “mountain flooding”.  

Controlled flooding: surface flooding in which water applied to land is under controlled or 
guided conditions and it is designated according to the shape or contour of the irrigating unit 
or according to the method of delivering water to the area within the unit. This includes 
among others:  

• flooding from ditches (water flows through irrigation ditch openings or over ditch banks as a 
sheet across fields),  

• border irrigation (land is divided into border strips and water is delivered into each strip from 
a head or field ditch at its upper end),  

• check irrigation (a method of flooding in which the field is divided into a number of checks 
[level or nearly level areas surrounded by ridges]. If the checks are contour checks [e.g., 
ridges are approximately parallel to the contours], the method is called contour check 
irrigation),  

• basin irrigation (a method of irrigating orchards by which each tree or a group of trees is 
surrounded by a border, to form a pool or a small basin when water is applied),  

• furrow irrigation (a method of surface irrigation in which water is run in furrows [narrow 
ditches] between crop rows),  

• corrugation or rill irrigation (a method of surface irrigation in which small streams are 
allowed to flow through a series of narrow, shallow furrows in permeable soil long enough to 
permit the horizontal seepage from adjacent furrows to meet).  

  

 
  



 
 
• central pivoz irrigation (water is distributed from a central point through a, in this case 400m 
long arm with nozzles at regular intervals, which turns around the central pivot). 

 

 
 

Subirrigation: watering the plants by 
applying the water below the ground 

surface or by effecting the rise of the water 
table to within or near the root zone 

 
Sprinkler irrigation: a method of irrigation in 

which water (under adequate pressure) is 
sprinkled over the land through noozle lines, 

perforated pipes or sprinklers 



 

 
 
Drip irrigation: application of water to the soil at a very low rate (2 to 10 litres per hour) 
through small outlets (tricklers or emitters). Water is supplied to the tricklers through 
polythene pipes under low pressure (1 to 3 atmospheres).  

  

3.1 Favourable vector habitats:  

Slide C27: Mosquito larvae in a rice field  

 

Irrigation methods, especially the ones based on “wild” flooding of land, represent a 
risk of vector production. The continous submergence method of rice irrigation is 
conductive to breeding of a number of disease vectors.  

 



Factors contributing to vector densities are:  

• pools and puddles due to lack of drainage and/or uneven, unlevelled or badly levelled 
fields;  

• some crops favour mosquito breeding and protect snails;  

• manual labour in the fields promotes man/vector contact (especially flooded rice). 

3.2 Environmental management measures  

Two precautions should be taken in order to reduce the risk of vector production:  

a) each flood period should last no more than 3 to 4 days. After withdrawal of the 
water, the areas should be allowed to remain dry for at least one day.  

 

b) the border strip, contour check or basin should be frequently relevelled and graded 
to ensure an even and uniform surface that will not produce pools when the flood 
water is withdrawn. 

 
 
In uncontrolled or “wild” flooding, these two precautions are 
not observed and this method must be recognized as 
creating a risk to human health.  
• Drainage: The only way to accomplish the rapid 
withdrawal of water before drying the land is by the 
provision of properly planned and maintained drainage.  

 
 



 

• Intermittent rice irrigation: conventional rice irrigation 
practices usually keep the water in the paddy fields 
throughout the entire growing period of the plants. The 
objective of the intermittent method is that, with the 
exception of the period of seedling transplanting, the 
water is supplied according to the needs of the plants. 
During the transplanting period which lasts about 10-15 
days the fields are filled with water to a depth of 4 to 6 
cm. After the plants turn green, contrary to conventional 
irrigation practice, the water can be drained off. 
Thereafter the fields are intermittently filled with a 
shallow layer of water so that it may disappear in 24 to 
48 hours through absorption, percolation and 
evaporation.  

Typically the interval between two successive irrigations 
is 5 days or in some cases 3 days. For the entire 
growing period of about 90-130 days for rice plants, the 
fields are irrigated 21 - 26 times. However such 

practices may depend on farmer cooperation, the rice strain used, the type of soil and the 
availability of water to irrigate.  

 
 
As observed in such fields in China, mosquito breeding decreased, and, at the same time, 
the average rice yield increased by 10% as compared with the conventionally irrigated fields.  



Figure 11: Comparison of larval densities, rice yields and water consumption of 
intermittent and conventional rice irrigation  

 

Source: Ge Fengxiang et al: The study on the control of mosquitoes in the paddy fields by 
wet irrigation in the alluvial plains of the Yellow River, 1981 
 

 

 

 



Irrigation and drainage canals 

The open canal is a common structure for conveying water. Piped systems may be more 
expensive but are better from the point of view of vector control because they produce 
virtually no vector breeding or vegetation growth. The greatest risk for mosquito 
production is expected in the minor distribution and drainage channels as they are 
more suitable for vector production than the larger canals. In addition, their maintenance 
is given less attention, particularly when it is no longer the responsibility of the irrigation 
authority, and is under the care of the users. These drainage canals are mostly poorly 
maintained and they have little direct relationship to increasing the average crop yield, but 
become excellent mosquito and snail habitats.  

4.1 Favourable vector habitats  

  
  

  
  

 

 
 



Disadvantages of earth canals favouring vectors:  

• water velocities higher than 0.7 m/s are not tolerable because of erosion. The low operating 
velocities require large cross-sectional areas, thus a wide strip of land is flooded producing 
many vector habitats.  

• high seepage and conveyance water losses result in waterlogging of adjacent land.  

• danger of canal bank breakage caused by overtopping, erosion and animal burrowing.  

• profuse growth of aquatic weeds retards the flow and causes heavy maintenance costs.  

• Waterflow in drainage ditches is less uniform and constant than in irrigation canals. 
Choking vegetation and pools of stagnant water causes the waterflow to be even more 
erratic and more conducive to vector breeding. In these circumstances, problems of silting 
become more serious than those of erosion. 

These disadvantages may be reduced or overcome by lining earth canals.  
• Due to high costs of a lined canal, often water flowing from the impoundment to the 
irrigation plot travels several kilometers through a natural stream. The storage regulation 
causes continous slow to rapid flow, forming backwater pools, marginal pockets and isolated 
seepage ponds. 
4.2 Environmental management measures  
• Use of pipes instead of open canals especially for drainage (e.g. burried coconut shells as 
drainage).  

• Canal lining: from the viewpoint of vector control, the 
main advantages of canal lining, especially with a hard 
surface, are:  

i) increase of water velocities, thus preventing stagnant 
or sluggish water. However, this may introduce vectors 
of onchocerciasis in parts of Africa and S. America,  

ii) reduction of weeds when properly maintained,  

iii) reduction of the needs of drains, because seepage is 
less. 



 

 
  

• Canal flushing and periodical drying of canal: snort periods of increased water velocity may 
dislodge and expose vectors, stir up bottom sediments burying mosquito larvae, and lowers 
the invasion of the marginal vegetation that reduces water velocity. This is feasible where 
there is plenty of water, otherwise might not be advisable. The use of automatic syphons in 
Malaysia has been shown to be most useful for this purpose.  

 

• Effective canal maintenance to ensure that the canals are in good shape and generally free 
from vegetation and silting at all times.  



• Resettlement and settlement of population: As not all natural streams and long parent 
canals may be lined, the same requirements are suggested for the location of settlements 
and the sanitary facilities as in the “impoundments” section.  

 

 

Project ancillary structures 

Structures such as roads bridges, dams, weirs, spillways, and siphons always change water 
velocities locally and therefore may create breeding places for blackflies at the spillway or for 
snails and mosquitoes in the backwater.  

5.1 Favourable vector habitats  

• Borrow pits are common areas for vector production. Earth for the construction of darns, 
dikes canals or roads is frequently taken from the adjacent land, often leaving pools and 
marshes.  

• Bridge piers: Flowing debris 
deposited at the upstream end of a 
pier (cut-water) as well as the 
oxygenized water at the downstream 
end (ease-water) may create vector 
habitats: the former for mosquitos and 
eventually snails, the latter for black 
flies.  



 

 

• Siphons: vegetation growth in silted inlets and outlets as well as standing water in the 
siphon often produce snail and mosquito larval habitats.  

• Roads, railway lines, small dams build up runoff water in the rainy season, creating puddles 
and marshes if no drainage and/or drainage culverts are provided.  

 

 

• Tanks or lakes for irrigation purposes formed by putting up an earthen embankment along 
the lower run of a basin and which are fed by canal or natural catchment flow cause similar 
problems as the shoreline of impoundments. 



 

• Cascade falls, and other drops built in a canal if the slope of the ground is sufficiently long 
and involves a steep decline are excellent habitats for Simulium larvae in endemic 
onchocerciasis areas. 

 

• Maintenance of groundwater wells and hydrants often is lacking or poorly done causing 
puddles. This may result in intensive man/vector contact in which disease transmission in the 
area is increased.  



 

 

• The advantages of pipes and closed conduits can only be sustained if they are properly 
maintained without leaking which produces puddles and small swamps. 

 

• Often, due to inadequate planning, ancillary structures are installed, either finished or half-
finished, but never put to use. They are left to decay and may often constitute breeding 
places for vectors.  



 

5.2 Environmental management measures  

• Hydraulic shaping of regulation and operation systems to prevent silting up and/or erosion. 
Siphons should be supplied with scour valves to empty and dry up the siphon periodically.  
 

 
  



 

 

• Flushing of regulation and operation systems.  

• The covering of siphon inlets and outlets, as well as small tanks with wood or sheet-metal, 
suppresses weed and algae growth as well as the development of vector sites.  

• Proper maintenance here also acts as a safety measure in a fail safe function in control of 
disease transmitting vectors.  

• Earth needed for filling or construction works should be taken from the ground without 
leaving borrow pits as illustrated in the following figure: 



Figure 12: DIFFERENT SITUATIONS WHERE FILLING MATERIAL CAN BE OBTAINED 
WITHOUT RISK OF PRODUCING VECTOR HABITATS (Source: WHO Offset Publication 
66)  

 

 

 

 


