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The Seminar on the  Prevention and Control of Vector-Borne Diseases i n  Water 
Resources Development Projects,  t h e  f i r s t  on t h i s  subject  t o  be organized by WHO, was 
opened on Tuesday 21 March 1978 i n  the  Conference Hall of the WHO Regional Office f o r  
t h e  Eastern Mediterranean. 

The main purpose of t h e  Seminar was t o  highlight the  importance of these projects  
f o r  t h e  socio-economic development of the countries; the inadequate a t t en t ion  given t o  
the  heal th  aspects of these projects  and t h e i r  impact, and t o  discuss  and recommend 
measures and act ion t h a t  should be taken by the  national administrations and in ternat ional  
and b i l a t e r a l  agencies involved. 

The Seminar brought together over 40 par t ic ipants  including medical o f f i ce r s ,  engineers, 
b iologis ts ,  entomologists and administrators from the  Ministries of Health, Agriculture, 
Water and Power, Planning, e tc .  and from b i l a t e r a l  and in ternat ional  agencies (see Annex 4). 

Some working papers were submitted, presented and discussed. The questionnaires 
on water resources development projects,  and the requests f o r  information on l eg i s la t ion  
and t h e  cos t  of canal l in ing  which had been sent previously t o  pa r t i c ipa t ing  countries 
were received a d  the  information compiled (Annexes 6 and 7 ) .  

The agenda of t h e  Seminar (Annex l ) ,  the presentation and discussions covered a whole 
range of health and environmental problems associated with the  development of water resources; 
an analys is  of these problems a d  the  measures fo r  t h e i r  prevention and control ,  and 
f i n a l l y  t h e  pr inciples  and major s t eps  to  be followed f o r  inclusion of heal th  safeguards 
i n  planning, design, construction, operation and maintenance of these projects.  

The programme of work of the  Seminar consisted of f ive  days1 (21 - 25 March) 
presentations and discussions i n  Alexandria followed by a one day (27 March) f i e l d  v i s i t  
t o  i r r i g a t i o n  and drainage projects  i n  t h e  Nubaria and Damanhour provinces ( ~ g y p t )  and 
8 days1 (28 March - 5 April)  f i e l d  observations and discussions i n  Khartoum and the  Gezira 
province i n  the  Sudan. 

During t h e  v i s i t  t o  t h e  Gezira Province, the par t ic ipants  were divided in to  four 
mul t id isc ipl inary  groups and were assigned t o  a case study a rea  where the  heal th  problems 
and f a c i l i t i e s  and services  were assessed by the  groups during f i e l d  investigation.  Groups 
then formulated t h e i r  proposal plans which were presented and discussed during 5 April 1978. 
During the  same day t h e  Seminar discussed and approved t h e  recomrnedations made ard there-  
a f t e r  the meeting was closed. 

THE OPENING SESSION 

The Seminar on t h e  Prevention and Control of Vector-Borne Diseases i n  Water Resources 
Development Projects was opened a t  09.00 a.m. on 21 March 1978. D r  A.H. Taba, Regional 
Director, \HO, Regional Office the the  Eastern Mediterranean, while inaugurating 
the Seminar, welcomed the  par t ic  lpw-ts from t h e  Ministr ies of Health, Agriculture, Water 
and Power, and Plaming a?d from un ivers i t i e s  a s  well a s  from internat ional  and b i l a t e r a l  
organizations. He emphasized t h a t  t h e  Seminar was important both from the socio-economic 
p o i n t  of view and from the  health development aspects. I f  proper measures a t  the planning 
s tage of water resources projects  a re  not taken, it is l ike ly  t h a t  the  water w i l l  become 
infested,  polluted and contaminated and t h a t  the vectors and intermediary hosts of diseases 
may f ind s u i t a r l e  conditions f o r  -reeding, ul t i p l i c a t i o n  and dispersion.  In order t o  aake 
water resources development schemes f u l l y  . enef ic ia l  to mankind, the  planners, engineers, and 
t h e  public neal th  sf f i n i a l s  a l l  nave ts c o r i t r i o ~ t e ,  with respect  t o  t h e i r  specialized 
profess ional  knowledge arld experience, ic a ccllaborative e f f o r t  so prevent d iseases  arld t h e i r  
heal th  hazards. Every endeavour should Je made by a l l  the agencies concerned t o  plan, design, 
implement and operate tge water rescurces development projects  i n  such a wag t h a t  the  scchems 
do not leave a t r a : l  3.f vector-oorne diseases je2pardizing the heal th  3f the  human population 
and t h e i r  socio-ecanomic development. 



Pk H.A. Fkfatjah, Chief, Equipment Planning and Operations, Division of Vector 
Biology and Control, WHO, and the Secretary of the Seminar, thanked Dr A.H. Taba for 
taking such a keen interest and for his support in organizing the Seminar. He 
expressed that the developing countries, in order to improve the socio-economic conditions 
of their masses, are extending irrigation by developing their water resources; frequently 
at the cost of the health of the population which is supposed to benefit from such 
projects. He cautioned that sometimes certain measures advocated against one health 
problem create other problems. It was, therefore, of paramount importance that all the 
concerned agencies should collectively plan and implement the water resources development 
projects'while giving due consideration to health. He also pointed out that the 
objectives of these projects would not be achieved unless the national, bilateral and 
international agencies establish ard follow realistic guidelines for the correction of 
existing problems and to prevent the creation of health problems in future projects. 

Dr L. Kaprio, Regional Director, WED, Regional Office for Europe, while highlightFng 
the importance of the Seminar, said that the subject was vew important for the developing 
countries. Similar problems exist in the European Region, particularly in South-East 
Turkey where extensive irrigation and agriculture development has caused a return of 
maLasia in epidemic form involving over one hundred thousand cases. He said that 
success in controlling vector-borne diseases in water resources development projects would 
lie in the joint approach of various concerned professionals of diversified disciplines 
and the collaboration of international agencies with national administration. 

hb G.L. Pennacchio, Resident Representative, UNDP, thanked Dr A.H. Taba, Regional 
Director, for his words of welcome a d  greeted the participants on behalf of Mr Do0 
KFngue, Assistant Administrator of the United Nations Development Programme. M said 
that UM)P places considerable importance on the prevention and control of vector-borne 
diseases in water resources development projects. Several projects have been and are 
being supparted through UMlP financing in various parts of the world. He wished the 
participants in the Seminar success in their deliberations and Dr Taba personally a 
happy new m e a n  year (Nou Rouz) . 
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TEIE REPORT OF THE .%PIINAR 

Part I - Presentations and discussions, Alexkdria, 21 - 27 March 1978 
1. The purpose and objectives of the Seminar 

!Che group noted that there was a pressing need to examine the present situation in 
water resources development in view of: 

(a) an increasing number of projects planned and executed for water resources 
development; 

(b) the drastic adverse effects on health that have been observed in some of 
these projects, and the difficulties faced in the correction of such effects; 

(c) the need for forecasting the health implications of projects being planned 
or prepared and for giving eaxly attention to their prevention. 

(d) the need for stressing the importance of disease prevention and control 
measures in existing prujects. 

The principal objective of the Seminar was therefore to brFng the attention of the 
planners, designers, engineers, etc. to the health implications of their work and to 
the need for the incorporation of features and procedures for the prevention and control 
of disease transmission and prevalence from the initial-stage surveys, planning and 
design, and throughout the perioC6of construction and operation of the projects. 

The Seminar must review basic infornation of the most important vector-borne diseases 
associated with water, their influence on socio-economic development and on the 
achievement of the objectives of water resources development projects. This includes 
a review of the present available measures (environmental,managemnt, chemical and 
biological) for the prevention and control of the most common disease vectors (mosquitos, 
snails and flies) and their application to the various components of water resources 
development projects (reservoirs, irrigation schemes, communities). 

It is noted that the Seminar offered the opportunity for discussing the way these 
prevention and control measures could be incorporated into the planning and design of 
water resources development projects and the means required for their effective 
implementation at the various phases of execution of the project e.g. construction, 
operation and maintenance. 

2. Water-associated vector-borne diseases in the Eastern Mediterranean Region 

2.1 Elajor water-associated vector-borne diseases 

During the last decade factors such as industrialization, urbanization, population 
movement and agricultural and engineering developments have been responsible for much 
variations in the patterns a d  distribution of diseases. Some of the changes and 
variations have been associated with lqge-scale development schemes based on the 
utilization of water, which have been frequently responsible for the spread and 
intensification of water-associated and water-borne diseases, which interfere with the 
normal human life ard activity and thus reduce considerably the social and economic 
benefits expected of water resource projects. 

Water is a favourable medium for the spread of bacterial and viral diseases in man; 
its role is even more important in the transmission of a numper of parasitic diseases. 
Some of the parasitic diseases do not require vectors* for transmission to man; others 
require vectors of which the most important are mosquitos, flies and snails. Water and 
irrigation works facilitate the breeding of vectors and provide a suitable environment 
for their proliferation. 
%he term vector is used in its broadest sense to represent vectors, animal reservoirs 
and intemediate hosts of human and animal diseases. 
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Malaria is a top pr ior i ty  health problem in  the Region; f i l a r i a s i s  is a parasi t ic  
disease of publ5.c health importance; schistosomiasis is a chronic parasi t ic  infection 
arid is becoming a growing problem i n  many developing countries in the world. The 
complications tha t  a r i s e  from chronic infections a r e  frequently serious and can be f a t a l .  
Malaria and sohistosomiasis have particularly serious adverse socio-economic effects  
on water resources development projects. 

Malaria is widely prevalent in the Eastern Mediterranean Region. Fi lar iasis ,  
caused by Wuchereria bancrofti, is also largely widespread. 

Onchocerciasis is prevalent in several areas of the Sudan and limited foc i  have been 
ident i f ied in the  Yemen Arab Republic and Somalia;, 

Schistosomiasis is widespread i n  the Region. S. haernatobium and S. mansoni species 
a r e  both prevalent. The prevalence in b r iga t ion  areas is i n  general very high. In 
sp i t e  of the  ccmtrol measures applied there is everywhere a tendency f o r  the disease t o  
spread particulasly i n  association with i r r igat ion schemes. 

Governments have adopted various health measures t o  control water-borne and water- 
associated diseases. For malaria, the preventive and control measures have included 
vector control, drug propwlaxis, active discovery and treatment of cases,but many 
technical problems have ar isen among which vector resistance t o  insecticides remains one 
of the most important. For schistosomiasis, governments have inst i tuted important control 
Progrananes particularly where there have been water development projects and where the 
control of the  disease has priority.  The s i tuat ion for  the control of f i l a r i a s i s  is 
very d i f f i cu l t  due t o  the high toxici ty  of the commonly used drugs and vector resistance 
t o  most insecticides. It is, nevertheless, gratifying t o  note that governments a re  
showing a growing in te res t  in  the prevention and control of diseases associated with 
i r r iga t ion  schemes and water development works. 

It is a t  t h e  planning phase of the projects tha t  the health r i sks  should be assessed 
and considered and preventive measures organized. There is a need for  close collaboration 
of engineers, public health workers, educators, agronomists, veterinarians and Social 
s c i en t i s t s  t o  devise and apply adequate and r e a l i s t i c  measures t o  ensure tha t  water, 
the source of l i f e ,  does not become, by negligence, a cause of d i sab i l i ty  and death and 
thus retard agricul tural  and socio-economic development. 

(a) Malaria 

Malaria is a disease caused by parasites of the genus Plasmodium found in  the blood 
of infected persons. 

Anopheline mosquitos transmit the disease from man t o  m. Not a l l  anophelines 
can be vectors, but only those tha t  a re  genetically susceptible t o  the infection, feed on 
human blood and l i ve  long enough t o  permit the development of the parasite in to  the i r  
bodies. 

Mosquitos require water f o r  t he i r  development. 

b b  may influence the degree of malaria transmission Fr. an area through his own 
behaviour. Of part icular  in te res t  t o  the Seminar was the creation of extensive breeding 
places f o r  t k  mosquitos through incorrectly planned and operated water development 
schemes. 

In a r id  ard semi-arid areas mosquito breeding is very limited and b~eeding places 
normally dry out during a part of the year. Such areas a re  paxt imlar ly vulnerable t o  
man-induced environmental changes and increased malaria transmission may follow badly 
managed water resources development projects. 
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Following the  discovery of res idual  insect ic ides  and the spectacular success which 
followed t h e i r  appl icat ion f o r  t h e  control  of malaria, the  concept of malaria 
eradicat ion w a s  evolved and applied i n  many countries a l l  over t h e  world. The concept 
of eradicat ion was based on t h e  f a c t  t h a t  i f  a l l  intra-domicil iary r e s t i n g  places of 
t h e  vector a r e  sprayed with a res idual  insect ic ide ,  the  Anopheles i s k i l l e d  before it is 
able  t o  transmit malaria. In t h e  absence of transmission,malaria could disappear 
wi thin  a few years  with t h e  disappearance of the paras i te  from human hosts. 

The i n i t i a l  success of these  applications could not however be maintained because of 
an increasing number of technical  and administrat ive problems such as res i s t ance  of 
vec to rs  t o  insect ic ides ,  increasing cost  of basic commodities, inadequacy of general  ' 

heal th  services '  support t o  a n t i m l a r i a  programmes, e tc .  Many countries have, 
therefore,  reoriented t h e i r  programmes towards a control  of the  disease.  Malaria 
eradication prograrms, nevertheless, protected not l e s s  than 800 mil l ion people from 
malaria r i s k  while nearly as many a r e  l iv ing  i n  areas  where the  r i s k  has been g rea t ly  
reduced . 

The control  of malaria and the  se lect ion of antimalaria measures must be adapted 
t o  each spec i f i c  s i tua t ion .  What, however, i s  t o  be emphasized is t h a t  permanent 
solut ions  a r e  t o  be preferred and l i e  i n  the  prevention and permanent el imination of 
vector breeding. Temporary control  measures, especially the  use of pes t ic ides  must be 
done with caution and se lec t ive ly  and as an intermediary t o  a permanent solution.  

(b) Schistosomiasis 

Schistosomiasis includes a group of d iseases  caused by trematode worms of t h e  
family schistosomatidae and which a r e  prevalent i n  72 countries and is lands  i n  Africa, 
West and South-East Asia, I a t i n  America ard t h e  Caribbean asea. It is estimated t h a t  
more than 200 mill ion people a r e  ac tua l ly  infected an3 more than 600 mil l ion a r e  a t  
r i sk .  Four species of schistosome a r e  normally p a r a s i t i c  i n  the  c i rcula tory  system of 
man namely S. haematobium, S. mansoni, S. japonicum and S. intercalatum. The f i m t  
species cause urinary b i lha rz ias i s  and the  eggs a r e  excreated i n  t h e  ur ine  and 
occasionally in t h e  faeces, while the  other th ree  are t h e  causes of i n t e s t i n a l  b i lha rz ias i s .  

By the  time t h e  eggs a r e  passed i n  t h e  urine o r  faeces, t h e  miracidium contained 
within t h e  ovum has reached maturity and is ready t o  hatch i f  the  eggs reach water. 
The miracidium moving i n  water by means of its c i l i a ,  seeks out and a t t acks  the  su i t ab le  
intermediate host  which is a f r e s h  water snail. In t h e  event of f a i l u r e  t o  contact the  
intermediate host  the miracidium d ies  i n  l e s s  than 24 hours. 

The intermediate host of S. haematobium,S. intercalatum and S. mansoni belong t o  the  
molluscan family Planorbidae, genus Bulinus ( for  the  f i r s t  two) and genus Biomphalaria 
( fo r  the  th i rd ) .  The intermediate host  of S. japonicum belongs t o  genus Oncomelania. 

After penetrating the  s n a i l  intermediate host, the  miracidaum transforms and 
migrates t o  the  diges t ive  glands and develops in to  cercariaeand emerges from t h e  s n a i l  
a f t e r  about a month t o  a t tack the  mammalian host. It usually d i e s  i n  48 hours i n  water 
i f  f a i l e d  t o  penetrate a host .  

After penetration of the skin  of t n e  de f in i t ive  nost the  cercar iae  get  i n t o  the  
blood s t rew, ,  the  heart ,  lungs and then through a r t e r i a l  c i rcu la t ion  t o  various parts of 
the  body. Those cercar iae  reaching pelvic plexuses (S. haematobium) and mesentric 
veins (other species) reach sexual maturity ard lay  eggs which begin t o  recover i n  urine 
o r  s t o o l  30-110 days a f t e r  skin penetration. 
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The transmission of the disease and the consequent establishment of endemicity is 
dependent upon the access of schistosome eggs to water, the presence of the snail intermediate 
host or hosts in water and human contact with infested water once the extrinsic cycle is 
c ompleted . 

It is thus evident that human behaviour plays a dominant role in the aetiology and 
epidemiology of schistosomiasis. Furthermore the introduction of new irrigation schemes 
has unfortunately provided the creation of new habitats for vector snails, and has thus lead 
to the spread and intensification of endemicity of the disease. 

As early as 1938, Khalil in Egypt reported that a change from basin to perennial 
irr5gation had increased enormously the prevalence of the disease within a few years 
viz. (from 5% to 60 and &$). Nevertheless, during t k  past two decades many water - 
resources development programmes were implemented in countries where schistosomiasis was 
known to be present. The available report for man-made lakes in Africa shovsthat 
transmission of schistosomiasis is taking place in practically every major lake and in the 
related irrigation systems. 

Schistosomiasis control concentrates on two parameters, namely, control of snails and 
mass treatment of infected individuals. There are many limitations to the application of 
either of these two approaches. In addition to the difficulty of detecting all infected 
individuals through the use of the known diagnostic methods and their kreatment, the 
available drugs are not devoid of toxicity and as yet a safe and effective drug for miss 
treatment has not been developed. Moreover, there is no prophylactic drug, axd the 
availability of an effective vaccine is not foreseen in the near future. 

The use of molluscicides may be most cost effective in arid areas where transmission 
is seasonal and where the volume of water to be treated per person at risk is small. 3-i 
large irrigation schemes, the use of molluscicides is expensive ard requires proper 
assessment of their acute and chronic effects on the biota. 

Environmental management and engineering methods including 

- reduction of snails through habitat management, - reduction of human contact with infective water through provision of safe, adequate 
and convenient water supply for drinking, recreation and other domestic uses especially 
for children who represent 60-80$ of the potential of transmission of the disease, 
and through the installation of barriers, site selection etc. - prevention of access of schistosome eggs to snail habitats, by construction of excreta 
disposal systems, health education etc. 

Environmental control measures have more lasting effects but may be more expensive. 
In the light of their longterm health benefits and efficacy against other endemic diseases, 
the implementation of these measures in water development projects where technical skill 
an3 possibly funds are available, could be justified. In addition environmental management 
measures m e  usually beneficial to agriculture. 

(c) Mosquito-borne viral diseases 

Viral diseases transmitted by mosquitos can either be classified according to the 
clinical picture which they cause on man or according to biochemical or biophysical 
properties of the pathogen. The clinical picture may vary from a benign fever with 
polyarthritis and rash to severe encephalopathy or haemorrhagic syndromes such as yellow 
fever or eastern equine encephalitis. 

The mosquitos responsible for the transmission of viral diseases are mainly Culex, 
Anopheles and Aedes. The longevity and density of these vectors is directly correlated 
to the rate of reproduction of the viral disease. Mathematical models defining such 
relationships can be developed to estimate the size of t k  risk of an epidemic when factors 
favouring longevity and density of the.potentia1 vectors are introduced in the area by a 
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water development project. The introduction of water bears a s  a consequence the increase 
of the re la t ive  humidity. The f i r s t  factor  (increase of breeding) is a determinant f o r  
increased density. The second factor  (humidity) is conducive t o  an extended duration of 
l i f e  of the mosquito (longevity). The cycle of transmission of v i r a l  diseases includes an 
extr insic  incubation period within the body of the mosquitos which is i n  on average about 10 
days. If the life-span of the mosquito could be reduced t o  a number of days l e s s  than the 
extr insic  incubation period there would be l i t t l e  likelihood of transmission of the disease. 
Control operations a re  therefore based on reduction of breeding sources and shortening of the 
life-span of the mosquito through insecticides. 

Prwention and control a re  based on a detailed lmowledge of the epidemiology of the 
v i r a l  diseases and of the bionomics of tk vectors. A detailed study of the ecosystem of the 
area f o r  the purpose of knowing how the introduction of water sha l l  Lnfluence the environment 
is essent ial  a t  the planning stage of the water development project. 

(d) F i la r ias i s ,  Onchocerc i a s i s  a d  Trypanosomiasis 

Mosquitos a r e  the main vectors of h m  f i l a r i a s i s  and because they depend on water fo r  
t h e i r  breeding, t h e i r  vectorial  capacity increases proportionately with the ma i l ab i l i t y  
of human hosts. The N e x  pipiens complex is the main vector of urban f i l a r i a s i s  i n  
countries of the Eastern mediterranean Region (Egypt, Sudan, Somalia, Iran and ban) . It 
breeds in  polluted water of cisterns,  cesspits,  wells, ditches, wastewater drains, etc.  and 
can to le ra te  high concentrations of organic matter. Source reduction of breeding s i tes ,  
environmental sani tat ion and health education a re  primary too ls  i n  f i l a r i a s i s  control. 

The vectors of Onchocerciasis a r e  members of the black f l y  genus Sinilium which are found 
in and affect  two countries of the Eastern mediterranean Region, Sudan and parts  of the 
Arab Republic of Yemen. The vector f l i e s  breed i n  rapids of flowing water and therefore 
a r e  influenced only by Wdroelectric schemes entai l ing the  construction of large dams which 
while eliminating breeding places upstream, may create breeding s i t e s  i n  the spillway of the 
dams and i n  the  downstream water passage. Chemical control has been the  only successful 
control measure t r i e d  which could be from a i r  or ground depending upon accessibi l i ty  of the 
breeding s i t e s .  

The vectors of sleeping sickness a r e  members of the t se t se  f l y  genus Glossina a l l  of 
which a re  nowadays confined t o  t ropical  Africa between la t i tudes  15% and 30"s. %like 
mosquitos, t s e t s e  f l i e s  a r e  not d i rec t ly  dependent on water f o r  the  completion of t he i r  
l i f e  cycle, but a re  associated with dense, humid, t ropical  forest ,  gallery forests  i n  the 
moist savannah and the low woodlands of the savannah of East Africa. 

Water development resources schemes influence or contribute t o  the spread of vectors 
of sleeping sickness i n  a s  much a s  they provide rest ing shel ters  i n  the vegetation tha t  
develops along reservoirs and main i r r iga t ion  canals, newly forested areas and similar 
schemes. In  the Eastern mediterranean Region, only in the  southern parts of two countries, 
namely the Sudan and Somalia, has t h i s  disease been reported t o  prevail. 

Effective control of t s e t se  f l i e s  can be obtained by the application of insecticides t o  
which no resistance has yet  been detected. 

2.2 Vector-borne, water-associated diseases of -/animals 

Fascioliasis a f fec ts  ca t t le ,  buffaloes, sheep, goats and man. TWO species of Fasciola 
a r e  incriminated i.e . F. gigantica and F. hepatica. The f ormer predominates in. the northern 
parts of the Delta and Nile Valley. The vector of which is the sna i l  species, IJpmaea 
cai l l iaudi .  The second is  localized t o  the oases where the vector sna i l  l$mnaea truncatula 
is prevalent. Control measures depend mainly on massive and regular treatment of an imls  
and the use of molluscicides i n  cer tain areas. Treatment of man has not yet been carried 
out. 



Heterophyes a f fec ts  dog, cat,  fox and man. The p a a s i t e  Heteropwes heterophyes 
requires two vectors; one is a species of f i s h  (Talapia and m i l )  and the other is a snail 
of brackish water, Pirenella conica. The disease is iocalized i n  the  northern parts of the 
Delta around the lakes Borollos and Manzala. 

Dracunculiasis is caused by a nematode parasite called Dracunculusmedinensis, which 
af fec ts  man, dog and horse. The vector is a species of cyclops. 

R i f t  Valley F'ever is a v i r a l  disease which affects  sheep, c a t t l e  and man. It has been 
recently recorded i n  Egypt i n  Sharkia Province. The vectors a re  mosquitos. 

Fmmnphistomiasis a f fec ts  ca t t le ,  buffaloes, sheep and goats especially i n  areas south 
of Aswan. The causative agent is a trematode parasite called Paramphistomum cervi which 
requires snail vectors of the  species Wllinus an3 Biomphalaria. 

F i l a r i a s i s  is caused by anematode parasite known a s  Dipetalonema evansi which affects  
only camels with serious resul ts .  The vector is the horsefly of the genus Tabanus. 

Setar iasis  is caused by a nemtode parasite called Setar ia  equFna which af fec ts  inteRml 
organs of the horse. The vectors are Aedes a e ~ p t i  and Culex mosquitos. 

730 species of nematode parasites a re  responsible fo r  onchocerciasis i n  animals. 
f i r s t  is Onchocerca re t icu la ta  and the second is 0. cervicalis.  They both a f fec t  t i s sues  of 
the horse with unfavourable resu l t s .  The vectors a r e  species of culicoides t o  both Species 
in addition t o  Anopheles mosquitos f o r  the second species. 

Many F4Wticipants explained the problems experienced i n  t he i r  countries, e.g. fran, 
Sudan, Syria and Egypt i n  re la t ion  t o  water-borne diseases and particularly schistosomiasis. 
They pointed out t ha t  i n  m y  countries canals and drains get choked due t o  lack of adequate 
equipment fo r  clearing silt and weeds. This determines conditions favourable t o  the 
breeding of vectors of vector-borne diseases. Moreover, in certain projects, canal banks 
are wide enough and thus prevent seepage a s  is the case i n  the Gezira area of the Sudan. 
In others the water may percolate through the banks causing water logging, which i n  turn 
creates ideal breeding places f o r  anopheline mosquitos. 

It was further  pointed out tha t  sample survey of urine carried out i n  1977 in Khusistan, 
Iran, showed 1800 positive cases, 

3. Socio-economic aspects of water-associated diseases 

It is implicit ly accepted tha t  reducing diseases tha t  cut short a l i f e  or reduce 
chronic disabi l i ty ,  productivity and economic and social  advancement was assis ted and 
stimulated. 

e 
For the assessment of t he  economic value of health, t g y d u e  of increased productivity 

and therefore of income, has been singled out a s  the most readily quantifiable consequence 
of disease control. Other values associated with health, social, cultural,  psychological, 
etc., which a re  clear ly appraised by individuals but not easi ly  measured, a re  ignored as 
unquantif iable  in cost/benef it analysis. 

Some workers have based t h e i r  assessment of benefits on (a)  loss  of income t o  society; 
(b) cost of medical care, and (c) prevention of suffering. fncome (or production) is los t  
when a disease prevents labour force working or compels it t o  work a t  a reduced efficiency. 
Medical cost!!&curred f o r  the treatment of i l lness ,  hospital  care, control and surveillance 
programe. Finally, prevention of suffering is the  consumption benefit, the ultimate goal 
of a l l  economic act ivi ty .  Consumption benefits exceed i n  importance the other benefits 
of avoided loss  of income and the  cost of medical care, but are unfortunately non-measurable. 
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The l o s s  of income or  production can be calculated f o r  a disease using data  on 
mortality, morbidity ard the  absenteeism. The cost  of medical care  can a l so  be calculated 
using similar data. The resu l t s ,  however, should be taken as impressionistic. Data a r e  
usually incomplete and f o r  the  most part unreliable.  Also the  existence of a large number 
of unemployed a f f ec t s  the  va l id i ty  of t h i s  calculation of productivity. 

For t h i s  reason, s tudies  of benef i ts  of disease control  a r e  incomplete; they give 
underestimated and dis tor ted r e s u l t s  tha t  a re  e a s i l y  misinterpreted. Under these 
circumstances any comparison among competing i n t e r e s t  w i l l  be biased against  heal th  and 
other programmes where "intangible values" mw be of a greater  importance t o  the welfare 
of t he  population than well-quantified money prof i t s .  

Assessments based on personal perception, feel ing and judgement of incommensurable 
values a re  useless fo r  s t a t i s t i c a l  analysis.  Nevertheless, d i sab i l i ty ,  impairment and 
ear ly  death caused by diseases a r e  too much in evidence i n  develaping countries t o  be 
pushed aside a s  being of any importance t o  the  socio-economic development of the country. 
It is incongruous t o  believe t h a t  a country can move forward t o  soc ia l  and economic 
prosper i ty  while the  vast  majority of t he  population drags behind i n  sickness, ignorance 
and des t i tu t ion .  

I f  the lack of quantifiable parameters makes it d i f f i c u l t  t o  determine the  value of 
health i n  money terms, t h i s  does not mean t ha t  val id  indications cannot be obtained t o  
demonstrate the magnitude of the  adverse impact of disease on socio-economic development. 

The group f e l t  tlnat a t  the  time of planning a water resources development project ,  
well-planned s tudies  should be carr ied out t o  obtain adequate ard per t inent  basic data  f o r  
establishing the socio-economic leve l  of the  population; the r e s u l t s  of these  s tud ies  can 
be used a s  a baseline fo r  fu tu re  comparison and evaluation. 

The analysis  of influences t h a t  have intervened in changing the  socio-economic s t a t u s  
of the  population a f t e r  several  years of project  operations w i l l  point  out t he  importance 
of health, o r  t h e  lack of it, i n  producing such changes. 

m e  group recognized t ha t  the e f f ec t s  of heal th  on socio-economic development cannot 
be analysed sepaxately from those t h a t  a re  produced by improvements in other f i e l d s .  This 
is not an argument against  t h e i r  evaluation; on the contrary the  f a c t  t h a t  various f i e l d s  
of a c t i v i t i e s ,  a l l  aiming a t  improving the  qual i ty  of l i f e ,  a r e  so  closely related,  should 
encourage the  undertaking of col lect ive  s tud ies  and assessment of t h e i r  jo in t  impact on 
socio-economic development. 

4. H e a l t h  aspects of water resources development projects.  

Water, one of the  elements indispensable t o  the  survival of man and t o  the  promotion 
of health,  susta ins  the l i f e  of other organisms a s  well and besides contains a number of 
chemicals. Some of these organisms and chemicals can be harmful and even l e t h a l  t o  man 
and more frequently t he i r  presence i n  water comes from the  interference of man. 

It depends on these organisms and chemicals whether water is an a s se t  o r  an injury 
t o  health.  m e  adverse ro le  of water and its connexion with water resources development is 
evident when the four main ro l e s  of water re la ted  t o  heal th  of man a r e  examined: 

(a )  Water a s  t he  source and vehicle of disease 

A number of communicable diseases,  cal led water-borne, mainly of the  gastroenteric 
system a r e  caused by micro-organisms tha t  reach the water, l i v e  and move i n  it u n t i l  they 
a re  ingested. Direct humn interference through the  pollution of water is largely 
responsible f o r  the introduction of these micro-organisms. They cause k i l l i n g  diseases, 
largely responsible f o r  high mortality ra tes ,  par t icular ly  among children. A sa fe  water 
supply and proper excreta disposal system a r e  effect ive  means f o r  t he  prevention of 
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water-borne diseases. 

(b) Water as the habitat of disease vectors 

A number of comnunicable diseases of man are caused by parasites and viruses that 
cannot affect the human unless there is another organism that acts as a vector or intermediate 
host. Indirect human interference, by producing environmental conditions favourable to the 
propagation of the vectors and hosts, assists in the introduction, spread and intensification 
of these types of diseases. These diseases are commonly know% as vector-borne diseases. 
They include malaria, schistosomiasis, onchocerciasis, yellow fever and a dozen more of 
the most common diseases that afflict mankind. These are mainly debilitating diseases that 
lower the resistance of the sufferers to contracting other infections and reduce their 
working potential. They are easily transmitted anl widespread endemicity is comnon. As 
such, they cause serious problems to socio-economic development and affect adversely the 
cost/benefit relation in water resources development projects. 

(c) Water as a man-made health hazard 

Here, water is referred to as the carrier of organic and inorganic deleterious wastes 
that may reach it through such activities as mining exploitation, industrial development, etc. 
Chemical and radio-active contaminants discharged into water as wastes have produced serious 
problems in developed countries and there is much concern about their physiological and 
carcinogenic effects. Water resources development projects, with their availability of water 
and, in many instances, electricity may stimulate the establishment of industries carrying 
with it the problem of tke disposal of their wastes. 

(d) Water as a means for promoting personal and comity hygiene 

The lack or shortage of water discourages the adoption of personal cleanliness and 
hinders corxuuunity hygiene and sanitation. Such situations promote the spread of the so- 
c alled "diseases of filth" which include trachoma, scabies, louse-borne typhus. These 
diseases, which affect mostly children, are always associated with insufficient water for 
washing, bathing and domestic use. It is a paradox that in many water resources development 
projects where water for electric power, irrigation, fish culture, etc. is stored in millions 
of cubic metres, often little or no provision is made for the hundred litres of safe water 
that a human being needs daily fa? keeping himself clean and healthy. 

m e  group noted that water resources development projects exert a predominant influence 
on the prevalence a d  spread of a number of diseases of man. Of these, diseases where a 
vector or an intermediate host is an essential link in the transmission chain, are most 
widespread and have gravest socio-economic consequences and thus their prevention and control 
must be given high priority in water development schemes. Most of the environmental changes 
introduced by the project lead to the spread and increase of the existing diseases by producing 
habitats most suitable for the rapid ard intensive multiplication of vectors m d  hosts while 
influx of labour or settlers from areas where these diseases are endemic, may increase the 
intensity of the transmission or introduce new diseases. On the other h a d ,  correctly 
designed, constructed and operated projects may not only prevent occurence of vector-borne 
disease but also cause a reduction or elimination of those already endemic in the project or 
surrounding areas. In practice, however, rare is the major water resources development 
project in tropical. and sub-tropical zones where the problem of malaria or schistosomiasis 
has not grown from being non-existent or insignificantly mild to acquiring th? magnitude of 
a disaster that puts in jeopardy the success of th? project. 

m e  group noted that the development of water resources is launched with the aim of 
greater and faster development ard improvement of socio-economic conditions in the countries 
concerned. High productivity must thus be preserved and hence the health of populations 
involved should receive greater consideration. 
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5. General review of experience of the  heal th  impact of water resources development 
p ro jec t s  

It may be sa id  t h a t  wherever water goes, diseases follow i n  its wake; t h i s  is t h e  sad 
experience t h a t  occurs once and again when man impounds and conveys water f o r  h i s  own 
purposes. 

Epidemiological s tud ies  ca r r i ed  out among new s e t t l e r s  on the  margins of "man-made 
lakes" indicate  the  introduction and rapid  in tensi f ica t ion of malaria and schistosomiasis. 
Reports from Ghana, Nigeria, UAR and Zambia show t h a t  Lakes Akosombo, Kainji ,  Nasser and 
K a r i b a  a r e  becoming centres  of high endemicity, where mlaria and schistosomiasis has 
affected o r  may soon a f f e c t  t h e  surrounding populations. 

In most of these projects  heal th  hazards were studied t o  assess  t h e i r  impact, but e i t h e r  
these  s tud ies  were incomplete o r  untimely f o r  t h e i r  inclusion i n  plans and designs, o r  tine 
recommended measures were not adequate or  f u l l y  incorporated i n  the  planning and construction 
designs. 

A t y p i c a l  example is Lake Akosombo on t h e  River Volta i n  northern Ghana. Urinary 
schistosomiasis w a s  p rac t i ca l ly  absent o r  mildly present i n  well  iden t i f i ed  and r e s t r i c t e d  
f o c i  i n  the  region when t h e  reservoir  began t o  be f i l l e d  i n  1964. By 1967, when the  
rese rvo i r  was f u l l  f o r  t h e  f i r s t  time, the  r a t e s  of infect ion among school children in 
3 selected s i t e s  were 9, 3% and 4 8  respectively.  One year l a t e r  an iden t ica l  survey 
of these  l o c a l i t i e s  ca r r i ed  out by the  same team showed t h a t  the  r a t e  of infect ion had 
raised t o  9%, 9% and 74% respectively;  in one year the  disease had spread t o  p rac t i ca l ly  
all children.  The o r ig ina l  population of 80,000, who had t o  be displaced from t h e  rese rvo i r  
a rea  i n  1964, has increased t o  about 140,000 mainly from outside migration. 

h h a t  is happen- on the  margins of t h e  major reservoirs  is repeated i n  m a s t  of t h e  
r i v e r  basin development projects. In t h e  Awash Valley in Ethiopia, where urinary schistoso- 
miasis introduced by migrant workers a f f e c t s  about 60$ of the  population; i n  t h e  Gezira 
i r r i g a t e d  a rea  i n  Sudan where a f t e r  more than 25 years of inolluscicide appl icat ion no 
apparent improvement in control l ing schistosomiasis is recorded and malaria recep t iv i ty  
remains high desp i te  mny years  of control  operations a t  the  yearly cost  of about 'JS$~,OOO,OOO. 

A s  a r e s u l t  of t h e  constmct ion of t h e  A s w a  High Dam ecological  changes have taken place 
along t h e  course of t h e  Nile from Lake Nasser t o  the  Delta. These changes have been 
propi t ious  t o  t h e  settlement and mul t ip l ica t ion of t h e  snail host  of schistosomiasis i n  
regions where s n a i l s  were absent, and it is predicted t h a t  the  high infect ion r a t e  t h a t  before 
w a s  l imited t o  t h e  Nile Delta w i l l  spread t o  a l l  the  new reclaimed and i r r i g a t e d  lands. 
Similar examples were given of Indus r i v e r  basin i n  Pakistan and its r o l e  in the  spread of 
malaria, t h e  Helmand ard Nangarhar val ley  i n  Afghanistan, t h e  J izan Dam in Saudi Arabia, e tc .  

The Lndus Basin covers 70% of t h e  gross  areas  of the  country. The basin is  traversed 
by 5 large  perennial r i v e r s  and numerous seasonal r ive rs .  Nearly 14 mill ion hectares i n  
the  basin a r e  being i r r i g a t e d  by 5 large  and medium dams, 20 small dams, 18 r i v e r  diversion 
works, 62000 kms of canals, 6,~ookms of surface d ra ins  and 161,000 t a b l e  wells .  The basin 
can be c l a s s i f i e d  as a hot bed of m l a r i a .  Ample evidence e x i s t s  t h a t  the  areas  t h a t  had 
low incidence of malaria, become hyperendemic regions a f t e r  t h e  construction of water 
development projects.  

I n  Afghanistan two major i r r i g a t i o n  projects  have considerably increased the  l o c a l  
malariogenic potent ia l ,  one in the  Eastern Province of Nangarhar and the second i n  the  South 
Western Province of Helmand. 
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Xangarhar Province consists of a large basin stretching from West to East on both sides 
of the Kabul River. The valley is about 100 kms long and the settled rural population is 
about 483,000 and is mainly concerned with agriculture and livestock while the town of 
Jalalabad is a trade centre with a population of 63,000, 

The construction of the irrigation project started in 1960 and completed in 1964. 
The main frrigation canal, with a capacity of 50 d/second flows eastwards from a dam over 
a length of 70 km, and feeds wateP to secondary canals with a total length of 520 kms. The 
irrigation area comprises a total df 31,200 ha. The malaria vector species are A. culicifacies 
and A. stephensi. The malaria incidence was high, an API of 81.1% was recorded in 1976. 
In 1977 after residual spraying with malathion, it dropped the API in the rural areas to 
8.3%. API stands for Annual Parasite Index. 

The Helmand river includes six irrigation project areas and receives water from the 
Kajoki reservoir. Tne existing diversion dams in the Helmand river at Boghra and 
Derweshan irrigate an area of 95,000 ha. The total length of the canals and drains is 260h 
and 2248 lan respectively. 

Over the years, water logging and increasing salinity of the land have become major 
problems. The initial drainage system has been able to recover the quality of the land. 

The malaria incidence has been on the increase ever since the projects were completed. 
The Annual Parasite Index which was at 0.0% in 1968 was 35.w in 1976 and this despite 
control operations. 

Unless measures can be implemented which have lasting effect on the malariogenic 
potential of the area, the malaria situation will gradually deteriorate in the coming years. 

In Wadi Gezan Irrigation and Development Project in south-western Saudi Arabia, a 
70 million cubic metres' capacity reservoir constructed in 1970, irrigates an area of 22,500 
hectares through 120 km long canal system. The system has been constructed to supplement 
the old practice of flood irrigation. The canals have not yet been lined. 

In the project area, malaria and schistosomiasis have been highly endemic wherever 
permanent water bodies are found. In addition to the establishment of the Malaria Service 
Station in Gizan in 1972, a schistosomiasis control and research unit was also set up in 
Gizan in 1975. 

There is no legislation empowering the Ministry of Health to prevent and control vectors 
of public health importance in water resources developnent projects, and thus there is a risk 
that malaria and schistosomiasis may intensify and spread. 

It was reported that in the South East Asia Region of the World Hezlth Organization, 
construction of dams in catchment areas of main rivers, for the impoundment of water for 
i rrigation ard/or hydro-electric parr er schemes, have an important impact on increasing 
water-related diseases'potential, mainly malaria, filariasis and schistosomiasis. 

In Puerto Rico in the south coast irrigation system ofGmyama a severe outbreak of 
schistosomiasis occurred about 15 years after construction of the reservoirs and canals. 
The disease remained at a high level until control operations started in 1954. 

The development of water resources is not necessarily linked to the spread of diseases. 
In fact, the impoundment of water that results from the construction of a dam can contribute 
towards reducing and even eliminating certain vector-borne diseases. Such is the case of 
onchocerciasis; in Volta river basin where 200 km of suitable habitats for the breeding 
of the Simulium fly, vector of this disease, are eliminated by the reservoir. A s  for other 
diseases, conscientious planning and a methodical dedication to good management practice has 
proved to have beneficial effects on health. In Brazil the careful management and efficient 
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f lood con t ro l  i n  the  operat ion of t h e  dams on the  Parana r i v e r  and its t r i b u t a r i e s  has 
considerably reduced t h e  two major vec tors  of malaria, A. d a r l i n g i  and A.  a l b i t a r s u s .  

In Saudi Arabia malaria has been p r a c t i c a l l y  wiped out  from t h e  E l  Hassa o a s i s  by a 
drainage p ro jec t .  A l a rge  i r r i g a t i o n  and drainage p ro jec t  was undertaken by t h e  Ministry of 
Agriculture i n  1967-1971. Nearly 162 sp r ings  and 336 d r i l l e d  we l l s  d e l i v e r  14.1 d / s e c  
t o  t h e  system. The average ve loc i ty  of flow of water i n  d r a i n s  v a r i e s  from 0.3 t o  0.7 nl/sec. 
Careful  plantling and implementation of th? pro jec t  has n o t  only saved water but a l s o  has 
reduced the  breeding p laces  f o r  An. s tephensi ,  t h e  l o c a l  malaria vec tor  species .  No a n t i -  
a d u l t  o r  l a r v a l  measures have been ca r r i ed  out s ince  t h e  commencement of the projec t ,  and 
y e t  t h e  number of malaria cases  has been negl ig ib le ,  however d e t a i l e d  inves t iga t ions  a r e  
being ca r r i ed  out .  Health education of t h e  farmers has proved important i n  avoiding 
t h e  c rea t ion  of man-made breeding p laces  f o r  the  proved vector  species .  The Rahad 
I r r i g a t i o n  Scheme i n  t h e  Gezira province of t h e  Sudan was given as another example of success. 
Engineers together  wi th  o ther  exper ts  designed a skele ton  f o r  t h e  layout  of v i l l a g e s  a d  
canal iza t ion .  Frimary s t u d i e s  were ca r r i ed  out  by the  Ministry of Health a d  epidemiological 
survey f o r  case de tec t ion  was performed. Schistosomiasis and %ts s n a i l  vec to r s  w a s  no t  
found . 

Preventive measures such a s  screening of a l l  immigrants were c a r r i e d  out .  Treatment and 
follow-up was a l s o  performed. Lat r ines  were constructed i n  houses and public places.  Three 
deep we l l s  and 18 shallow we l l s  were constructed i n  var ious  v i l l ages .  A h o s p i t a l  of 96 
beds and t h r e e  hea l th  cen t re s  a r e  under. construct ion.  Malaria con t ro l  u n i t s  and 
schistosomiasis  u n i t s  were es tabl i shed wi th  adequate t echn ica l  s t a f f  and t r a i n e d  workers. 
Molluscicidesand drugs have been purchased t o  meet t h e  requirements. 

I n  two systems on t h e  south coas t  of Puerto Rico a s e r i o u s  outbreak of d i sease  followed 
t h e i r  cons t ruc t ion  i n  1914. By 1930 t h e  i r r i g a t e d  southern p l a i n  near  Guayama had become 
t h e  major sndemic zone i n  Puerto Rico, with severe d isease  and many deaths.  In con t ra s t  
t o  these  e a r l i e r  water resource projec ts ,  t h e  more recent  Guajataca System and t h e  Lajas 
Valley Projec t  never experience problems wi th  schis tosonias is .  

No transmission occurred i n  t h e  Gujataca System Secause of exce l l en t  drainage systems. 
Transmission d id  not  occur i n  t h e  Lajas Valley System because of a s n a i l  con t ro l  programme 
i n i t i a t e d  when t h e  i r r i g a t i o n  system began operat ion i n  1955. 

The most outstanding example of success is t h e  work of t h e  Tennessee Valley Authority 
i n  USA, a corporate agency of t h e  Federal  Government charged wi th  t h e  planning f o r  t h e  
proper use, conservation and development of t h e  n a t u r a l  resources  of t h e  Tennessee River 
drainage basin and its adjoining t e r r i t o r y .  From 1933 t o  1943 t h e  Authority b u i l t  14 d a m  
on t h e  main r i v e r  and its t r i b u t a r i e s  with the  purpose of f lood control,  navigation and 
genera t ion  of e l e c t r i c  power. A s  some e a r l i e r  r e se rvo i r s  had crea ted  new mosquito-breeding 
h a b i t a t s  and malaria had increased t o  become a major problem, T V A  decided from t h e  beginning 
on pre-impoundment a c t i v i t i e s  and post-impoundment measures which c o l l e c t i v e l y  have j u s t  
about eliminated n a l a r i a  i n  t h e  Tennessee Valley. 

Thus, through t h e  proper a i d  timely study of poss ib le  hea l th  hazards, wise and compre- 
hensive planning, and ca re fu l  and methodic app l i ca t ion  of good management pr inc ip les ,  
s i m i l a r  success is wi th in  reach of every country. 

Bearing t h i s  i n  mind., some in t e rna t iona l  agencies of t h e  UN system es t ab l i shed  a 
mechanism f o r  e a r l y  consul ta t ion .  A s  t he  number of water resources  development p ro jec t s  
increased,  it was found necessary t o  c a l l  periodic meetings f o r  review and discussion.  

The Six th  Session of the  UNEP Environ-nental Coordination Board i n  1976 reviewed t h e  
pas t  experience i n  examining hea l th  a spec t s  of water resources  development p ro jec t s .  It 
included a s e t  of provisions,  i n s t i t u t i o n a l ,  adminis t ra t ive  and technica l ,  t o  be used as 
guiding l i n e s  f o r  t h e  col labora t ion  of UN agencies i n  the  development of water resources.  
It a l s o  recommended t h a t  such a system f o r  reviewirg p ro jec t s  should not  be l imi t ed  t o  
p ro jec t s  a s s i s t e d  by UN agencies, but t o  be extended t o  include a l s o  p ro jec t s  involving 
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b i l a t e r a l  assistance and projects carr ied  out by nat ional  government agencies. 

WHO and FA0 took fu r the r  action t o  strengthen interagency collaboration and signed 
memoranda of understanding on r u r a l  water supply; prevention and control  of water-borne 
and associated diseases; use of wastewater in agr icul ture  and forestry;  t o  define and s e t  
the  i n s t i t u t i o n a l  and administrative mechanism f o r  mutual collaboration. Other UN agencies, 
a s  well  a s  national and in ternat ional  agencies are expected t o  join i n  t h i s  agreement. 

A policy statement, including the heal th  aspects of water resources development, is 
currently &ing reviewed and studied by a l l  agencies concerned; in tent ion is t o  promote 
and ins t i tu t iona l i ze  cooperative action between national agencies concerned and t o  bring 
together a t  t h e  country level ,  a l l  national administrations and the  in ternat ional  and 
b i l a t e r a l  agencies involved, through t h e  establishment of a collaborative framework f o r  
e f fec t ive  cooperation. 

The Seminar noted t h a t  a mechanism ha& been already proposed f o r  comprehensive 
collaboration a t  national,  regional and headquarters levels.  It involves b i l a t e r a l  support 
and in ternat ional  assistance t o  national g o v e d e n t s  through comprehensive cooperation and 
coordination. The proper functioning of t h i s  mechanism depends on the  col lect ion of d a t a  
and assessment of environmental and heal th  implications and problems t h a t  t h e  project  may 
produce. For t h i s  reason, it was recommended t h a t  information on projects  a t  t h e  
Proposal stage should be supplied t o  prospective collaborative agencies t o  intervene from 
the  start and help i n  the timely formulation of technical  and f inanc ia l  assistance. 

It was recognized t h a t  t h i s  collaboration, t o  be effect ive  and timely, should start 
a t  country l eve l  by es tabl ishing collaborative re la t ions  between nat ional  o f f i c i a l s  and 
UN and other experts and consultants of the  various agencies working i n  the country. This 
collaborative e f fo r t  should scale  up t o  regional and headquarters l eve l s  as provided f o r  in 
the  UNEP document, the  memoranda of understanding and the  policy statements. It was agreed 
t h a t  the means f o r  r e a l i s t i c  collaboration a re  already outlined, but t h e i r  p r a c t i c a l  
application is sti l l  t o  be adequately ins t i tu t ional ized.  An important outcome of t h i s  
Seminar should be the proposal of recommendations on spec i f i c  guidelines f o r  achieving the  
required collaboration and coordination a t  the country, regional and headquarters levels.  

The USAID representative indicated t h a t  there  is a need t o  provide quant i ta t ive  infor-  
mation on the  e f fec t  of water projects  on the heal th  of the  people. This w i l l  convince the  
planners t o  give adequate a t t en t ion  t o  the  heal th  matters r e l a t e d  t o  development projects.  

It was a l so  pointed out t h a t  it was the  policy of t h e  loaning agencies not t o  support 
development schemes t h a t  may add t o  a heal th  problem or  t h a t  may not consider prevention of 
new heal th  problems t h a t  may be created by the scheme. 

6. Environmental consideration in  the  development of water resources projects  

D r  L.E. Obeng, Senior Programme Officer, Division of Environmental Management, UNEP, 
Nairobi, introduced t h i s  subject  of the  agenda and brought f o r  the  consideration of t h e  
par t ic ipants  of the Seminar the  most important points of her paper on "Environmental e f f e c t s  
of water resources development". 

She referred t o  environmental problems t h a t  r e s u l t  from the  construction of dams and 
i r r i g a t i o n  schemes i n  t rop ica l  regions. Although the  impoundment of water is necessary 
f o r  the development of agriculture,  f i she r ies ,  hydroelectric power generation, navigation 
and other sources of wealth t h a t  contribute t o  s o c i a l  and economic progress, it can a l so  
cause major disturbances i n  the  envlronrnent with consequent repercussions. 

/ 

The displacement of populations i n  the r i v e r  basin t h a t  w i l l  be flooded when t h e  
reservoir  f i l l s  causes many social ,  cu l tu ra l  and economic d i s t u r b ~ ~ c e s .  Their r e s e t t l e -  
ment, together with the inf lux of immigrant populations, produces problems of land tenure, 
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farming disrupture,  food short  age, housing, water supply and sani ta t ion,  e tc .  which are 
d i f f i c u l t  and cos t ly  t o  solve. Added t o  t h i s ,  relocated people are  exposed t o  d iseases  
f o r  which they have l i t t l e  or no resistance.  They f e e l  insecure i n  t h e i r  new environment 
and readaptation is a slow process. 

Ecological disturbances in  the reservoir  can be des t ruct ive  t o  ex i s t ing  species of 
w i l d l i f e  unless they are  capable of migrating t o  undistrubed areas  o r  of adapting themselves 
t o  the  new environment ; f i sh ,  birds,  r e p t i l e s ,  mammals and other s o r t s  of fauna are  affected.  
The rapid  growth and spread of aquatic vegetat ion i s  a recurrent  problem t h a t  obst ructs  f i s h  
breeding, navigation and recreation.  

The introduction of perennial  i r r iga t ion ,  unless properly operated and managed, brings 
with it new diseases  or increases the  incidence of those already exist ing.  Schistoso- 
miasis, malaria, trypanosomiasis and onchocerciasis a re  diseases associated with water 
impoundment and i r r iga t ion .  

The t ranspor ta t ion and introduction of water i n t o  a n  otherwise dry or seasonally wet 
ecosystem exer t s  an overa l l  ecological  influence. Inadequate management of canals and 
d ra ins  g rea t ly  contributes t o  aquatic weed growth, water-logging, sa l ina t ion  and a l k a l i n i -  
za t ion of s o i l s  with d isas t rous  e f fec t s  on agr icu l tu ra l  production and on the qudl i ty  of 
surface and ground water. Excessive use of f e r t i l i z e r s  and other ag r icu l tu ra l  chemicals 
may encourage a l so  eutrophication in i r r i g a t i o n  and drainage canals. 

D r  Obeng concluded with a summary of the major undesirable environmental problems 
associated with dams and i r r i g a t i o n  systems of water resources development projects .  She 

s t r e ssed  the  importance of t h e  inves t igat ion and iden t i f i ca t ion  of possible problems a t  the 
ea r ly  s tage  of planning and of the  inclusion of appropriate and feas ib le  precautionary 
measures and t h e i r  conscientious implementation during the  construction and operation of 
the project .  

Environmental changes and t h e i r  impacts 

The development of water resources, as  any other engineering enterpr ise ,  e n t a i l s  the 
modification of the physical  environment. This in te r fe r ing  with na tu ra l  conditions d is turbs  
t h e  ex i s t ing  ecological  balance, e i t h e r  d i r e c t l y  and immediately or  ind i rec t ly  and slowly, 
with far-reaching consequences in time and place. Direct  d is turbvlces  a re  usually evident 
and assessable; ind i rec t  disturbances a r e  d i f f i c u l t  t o  de tec t  or foresee, and even harder 
t o  evaluate. 

These disturbances produce e f f e c t s  t h a t  range from highly benef ic ia l  t o  dangerously 
harmful. When a l l  these e f f e c t s  are  analysed and as f a r  as possible quantified, it is 
possible t o  make an inventory of f avourable and unfavourable e f f e c t s  with t h e i r  attached 
values t h a t  represent  the r e l a t i v e  magnitude and importance of each of them. As in business 
accounting the balance of a s se t s  and l i a b i l i t i e s  shows p r o f i t s  or  losses,  the  balance of 
favourable and unfavourable e f f e c t s  w i l l  represent  the overa l l  environmental impact t o  be 
expected from the execution of the project .  

The overa l l  environmental impact is produced by the  combined act ion of a s e r i e s  of 
separa te  but in te r - re la ted  impacts on each of the  elements of the  environment and on the  
d i f f e r e n t  aspects of human l i f e .  

Talking f o r  instance the conversion of the sect ion of a r i v e r  basin i n t o  a water reservoir  
the  following d i r e c t  disturbances, among others, a re  t o  be expected; the change i n  the flow 
pa t t e rn  of the r ive r ,  the l o s s  of cul t ivable  land, the  decay and des t ruct ion of vegetation, 
the  migration of wi ld l i fe ,  the  submergence of roads, f ac to r i e s ,  v i l lages ,  drowning of f lood 
pla ins  upstream and a l o s s  of water from wetlands downstream and subsequent e f f e c t  on fauna 
and f l o r a ,  e tc . ,  the  l o s s  of possible natura l  resources (mining, fores t ry ,  e t c )  and of s i t e s  
of h i s t o r i c e l  or  c u l t u r a l  value. Among the  e f f e c t s  of these disturbances are  the  reduction 



of river w a t e r  supply in ths downstream portion. the reoharge of ground water sources, the 
destmction of t e r res t r i a l  ecoqystema. the introduction and increase of aquatic l i f e  (vegetal 
and animsl), the interruption of nays of camnunication, tb dieplacement and resettlement of 
people, very often accompanied by a disruption of stable conrmnrities axl interferenue with 
local  cultural, social and economic 8ystema and other factors which promote security and 
well-being. 

Examples of indirect disturbances produced by impounded water may include tha change in 
climate (increased hunidiw, for instance), the fonnation of swamps, the erosion of basin 
mWgiM, the modification of land-- patterns, the inrmigration of new set t lers ,  the erection 
of villages, etc. Among the effects of ttmse disturCb":ces axe the intensification of 
aquatic w e e d s  and terrestrial vegetation, t t m  enhsnoement of fawursble ecological corditions 
f o r  veotors and inteamediate hosta of diseases; introduction of new diseases with displaced 
paople and exposure of people t o  diseases for which they have no natural resistance; the 
changes in watm quality; the accumulation of sedimsnt in the reservoir basin and reduction 
of silt downstream; the increased opportunities for employment in more stable economic 
ac t iv i t ies  (cat t le  grazing, tourlam, home industries, etc), the impetus t o  social Md cultural 
development (Vld i m p r o d  amenities, the enhancement or deterioration of aesthetics, etc. 

Most of the problems desaribed for impoundments are also found on Irrigation schemes. 
More specifically, however, enviroammtal problems of irrigation schenes may be identified 
a s  those which do not favour satiefactory development. They are usually due t o  deficient 
~Larming a d  imwoper manag-nt. major problems are water-logging, aalinization, 
and alkalinieation which affects the s o i l  and crop production. O t h e r 8  are inadequate 
attention t o  provision of drinking water supply, sanitation, suitable housing and regulated 
water contact pattermwhich aggravate health axxi social problem. Iho extemive use Of 

chemical pehicides and fe r t i l i ze r s  on crops have of course far-reaching health an3 
environmntal consequences. 

Environmental W c t  studies 
w 11 

'Llwm ~ i e s j d e t e r m i n e  the overell inpact that the proJect w i l l  produce. Ideally the 
whole environmcmt, in its &sical, biological and human system, has to be comprehensively 
studied aad dL1possible disturbances and the i r  effects have t o  be exanined, forecasted 
and evaluated. 'Ihis taak demands the joint action of a group of speoialists in the most 
diversified f ie lds  of knowledge and experience. 'Ibis would cwer  such subjects am climate 
(temperatwe, precipitation, wind. etc. ) &siogra& ( t o p g r a m ,  geology, surface and 
subsurface k@rologg, etc), vegetation ( ter res t r ia l  and aquatic plants) animal l i f e  (avian, 
terrestrial arrl aquatic fa-) hwmn (social and cultural patterns, occupational an3 
economic act ivi t ies ,  heulth, eduoation, recreation, etc). l b  begin with a clear picture 
of the existing emiramant must be defined and baseline data needs t o  be collected fo r  
subsequant evaluation. In a second step the direct  changes that  the pmject is expected t o  
introduce into the w s i c a l  environment should be identified a s  well as the i r  effects in 
producing indirect changes. Prreafter it should be possible t o  investigate and i d e n t i e  ths 
favourable and mfavoumb1e effects that w i l l  be created in  the total ecology of thc region. 
An appraisal of these effects  will lead t o  determine the impact on the envirormrent that  tha 
project w i l l  produce during the construction a& throughout the successive phases of operation. 
While an appraisal of the existing environment and an identification of direct physical 
ehanges produced by the  project may be made with a reasonable d e p e  of rel iabil i ty,  the 
determination and forecast of indirect effects w i l l  be very di f f icul t  and needs careful 
examination and the use of predictive models. 

The need for  environmental impact studies 

Proposals f o r  water resources developent are usually supported by engineering a d  
economic considerations. lhua a proposal would be accepted if it could be Justified on 
the  basis of needs and economic benefits t o  be derived f r o m  it and a l l  preliminary studies 
arid planning were directed t o  design and sat isfy these cri ter ia .  



The experience, however, has shown that this approach to water resources dwelopnent 
had a restricted scope. Projects which were solad from the  engineering and ecmomic 
standpoints, could make such havoc of the environment that sometimes they would f a i l  t o  
f u l f i l  their  purpose, become uneconomical and cause serious social problems. The damage 
to health of people was of partic* concern. 

It was recognized, therefore, that in addition t o  the custcmry analysis of costs and 
benefits in monetary temns, a detailed assessment of the environmental impact of a project 
including its health aspect was essential. Ihs study an3 evaluation of probable impacts 
resulting f r o m  various alternative actions cannot produce an ovcrrall quantitative rating but 
can portray many value jdgements tha* can serve as guides t o  deciding on the choice of the 
best among the alternatives. 

Water resources developent is undertaken for  a variety of purposes but a l l  projects 
have an impact on the ecology and environment of We m a .  This impact can have far- 
reaching consequences in the improvement or impaimant of the environment and the health of 
the resident or resettled population. Intensive study of the overall environmental impact 
of any such development i s  necessary. The study mus t  consider both the benefits So that  
they can be developed to the maximum, and tb adverse effects, so that  they m W  be minimized 
through preventive measures incorporated in the design. Such measures, when included in 
the  design, are usually less expensive than control or curative measures ~mdertaken afterwards. 
&vironmantal precautionary and corrective measures are sometimes d i f f icul t  and expensive, but 
they k i n g  benefits far beyond tke inrmediate benefits of the project. m e  need for 
standards and guidelines t o  evaluate environmental impact is clear. A comprehansive appr08Ch 
considering all factors is required. 

'me practice of environmental impact assessment 

The Semlnar recognized that  the environmental impact studies of water developnent 
projects are complex undertakings requiring extensive surveys, studies, and f ie ld  research 
and thus considerable financial resources, specialized manpower and legal and administrative 
support w i l l  be necessary. 

In the USA for  instance, under tke  National Environmental Policy Act of 1969, a procedure 
was established for bringing into effect the most comprehensive approach in  pn-planning studies 
for federal projects. The Coumil on Envlrommntal Quality scas entrusted with thc issuing 
of the necessary guidelines t o  implement this Act. According t o  these instructions the 
agency charged with the execution of the project ca l l s  upon the  ssrvlces of othar agencies 
concerned for the all-including study of enviromntal  impacts. Tne results  of these 
cooperative investigations are s e t  forth in a number of reports which are considered by the 
executing agency in the dwelopnent of the plan and later on in the preparation of an 
environmental impact statement. The f i r s t  draft  of this documnt is submitted t o  the  
contriht ing agencies for  their  review and proposed amendments. Tne seoond draft  is widely 
circulated, with a request for  coments, t o  a l l  governmental agenoies concerned, federal, 
s ta te ,  county, town, etc., and t o  selected off ic ia l  and private institutions and associations 
i n  the region. 

Information copies are sent t o  l ibraries for public inspection and through the press. 
radio ard television people are informed of dates and places where public hearings w i l l  be 
held so that any individual interested in the project can voice his opinion. The f inal  
draft, issued under the t i t l e  " ~ i n a l  hvironmental Statement", contain8 a description of the 
proposal, the existing environment, environmental impacts of the proposed action, mitigating 
measures, unavoidable adverse effects anl other matters related t o  the project studies. 
It presents the correspondence received from cementing agencies, institutions ad irdividuals 
with the answers t o  their  questions ard connnents; the public hearings are reported and 
analysed, including the discussion issues and responses. 

A s  an example, WA, in 1972, undertook a study of the environmental impact of each of 
th components of the vector control programme : preparation of reservoir before impoundment, 
water level management, devmterlng projects, drainage, control of plant growth, use of 
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larvicides, eta. and p~.esented in a draft statement that waa s u h l t t e d  t o  the Counail on 
Environmentel Quality, sent t o  federal, state, regional and local agencies f o r  cements, and 
were made available t o  th public. 

The importame arxl significance of beneficial and adverse effects on the  health cad 
welfare of the population users, the oonservation of wildlife atxi fisheries, the promotion 
of recreation and the pwsemation of aesthetic values are concisely stated and the precautions 
and measures taken t o  reduce or werconm m i n o r  adverse effects are explained. The 
possibility of alternative measures or modifloation of present practices is examined a d  the 
potential ri& of obtaining short-term benefits at the oost of interfering w i t h  long-term 
goals is cemented upon. 

Six federal agemies and 34 state, regional arxl local agencies sutunitOed oournents. 
asked questions, requested additional infmmtion or proposed amendments. TVA studied 
carefully a l l  t b s e  renrrrks and answered each one of t h s m .  Ihe f ina l  environmental 
statement Incorporated changes that  resulted f r o m  the review process. 

Similar procedures are followed In other countries and makes it possible t o  gather a l l  
available knowldge from specialists and public a t  large; the i r  contributions exert a 
substantial influence and give practical assistance t o  the planning of the project. Its 
application, however, in countries is mblaimt ic  in view of lack of resources and 
fac i l i t i e s  and therefore other simpler guidelines rimy be adequate and helpful in the 
assessmmt of enviFonmantal impaots In same situations at least  during the I n i t i a l  stages of 
the proJects development. 

A broad m i d e l h e  fo r  planning assessment of e n v i r m t a l  h m c t  

The Seminar then oonsidered a checklist i n  the form of a draft matrix (see Annex 8 ) 
prepared for  the analysis of the ecological impact of a reservoir f o r  a water resources 
development prodeat. lhis matrlx lists the mJor project actions that may have an impact 
on the environment horizontally at the  top so that each action forms the heading of a 
vertioal colum, and the environmntal factors Pmich together make up the existing ecological 
system of the area at vertically the  l e f t  margin of the matrix so that  each factor form 
the heading of a horizontal line. !be intersection of a vert ical  col- and a horizontal 
line forms a blook connecting each proposed action with each enviFommtal factor. In 
this block it can be indicated whether or  not it is expected that a particular proposed 
action has a n e f f e c t  on a particular faotor of the  existing environment, and whether this 
effect is beneficial (+), adverse (-) or haa no effect (blank). Zhus %tially, the mtz-ix 
can serve as a check-list or reminder of the fu l l  range of actions ard impacts for planning 
and pmgmming the nuin studies required for  the analysis of the eoologlcal impact. 

Ihe second use of the matrix is t o  present sum~arily the resul ts  of these studies 
pointing out which of the proposed actions have the  strongest lmpnct on which of the 
environmental factors. It is very d i f f icul t  t o  evaluate quantitively the individual 
effects that  added up give an estimrte of the impact. In soma Instances, it is possible t o  
calculate losses In monetary t-, as for  the effects  of flooding by damages t o  
waterlogged crops, drowning of cat t le ,  destruction of property, etc. But In most oases, 
and particularly wkn dealing with long-term effects, it is impractical even t o  t r ~ r  t o  
evaluate such effects. Taking the same example, flocdlng, it is not feasible t o  assign any 
figure to the loss caused by an epidemic outbreak of typhoid or cholera resulting from the 
contamination of a water source by flood waters. 

Nevertheless, attempts have been made t o  give factual adl unbiased ratings t o  these 
effects with satisfactory results. Wo terms have been used In the rating of effects, 
magnitude and Importance. Magnitude is applied in the sense of Intensity, it w l l l  anawer tha 
question of how much w l l l  the action affect  the environmental factor. Importame is 
referred mainly to axtent in place an3 time, it w i l l  answer the  question of how far, long 
or frequently the action w i l l  affect  the environmental faotor. A flood w i l l  be of large 
magnitude i f  it diarupte comrmnity ac t iv i t ies  and l i f e  but it w i l l  be of low impartance i f  
t h e  area affected is small or the event occurs every 10 years. 
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Depending on t he  thoroughness and scope of t he  inventory study of exis t ing environmental 
ccmditions, t he  analysis of magnitude of t h e  impact, t b u g h  in some d e t a i l s  subjective, can 
5e fac tua l  and unbiased. 'Ihe Importance of the impact generally w i l l  be based on the value 
judgement of t he  evaluator. Ihe review by seveml  independent evaluators m y  compensate f o r  
any unintentional b ias  of each of t h e m .  

Ihe or ig ina l  rnatrix may have t o  be changed or  extended according t o  t he  findings of these 
s tudies ,  s o  that t h e  second matrix f o r  evaluating the  impact is more adapted t o  r ea l i t y .  
Ratings between 1 and 10 a r e  usually set: 10 f o r  the largest ,  1 f o r  t he  l e a s t  impact. In 
each relevant block of t he  matrix two numbers separated by a diagonal l i n e  w i l l  appear, one fo r  
the magnitude, t h e  other f o r  t he  importance of the impact. 

Ihe comparison of t he  matrices of each of the  various a l te rna t ives  can serve as 
a basis  f o r  t he  discussion and select ion of the  proposed action t h a t  o f fe rs  the most beneficial  
impact w%th t he  l e a s t  adverse impact. 

7. Planninn f o r  the prevention and control of water associated vector-borne dlseases m 
water resources development projects 

Summary of statements made by representatives of internat ional  and b i l a t e r a l  agencies 

FA0 - Mr T.H. Mather, Senior Offlcer, Water Resources Developnent and Management - 
Services, i n  h l s  statement on  he prevention and control of vector-borne diseases in 
agr lcu l tu ra l  water development projects" referred t o  the f a c t  t h a t  of more than 250 papers 
presented by water managers from a l l  over the  world a t  the UN Water Conference, M a r  de l  Plata, 
Argentina, 1977, none made "more than a passing reference t o  water-borne and associated 
diseases i n  agr icu l tu ra l  development". m e  lack of concern f o r  the health and welfare of 
mill ions of people m these development areas  is  disturbing; present and future generations 
are a t  r i s k  of being chronically, and often permanently, s ick unless s teps  &-e taken t o  avoic 
the breakdown of the health through water associated diseases. 

I n  recent years there has been growing concern a t  the f a i l u r e  of many agr icul tural  
development schemes t o  achieve t h e i r  planned levels  of intensive production. Low yields  are 
connected with progressive waste and degradation of resources of water and soi l ,  and 
deter iorat ion due t o  neglect and lack of maintenance. I n  common with the disease transmission 
problem, one of the main root causes of agr icul tural  f a l l u r e  is poor water management. 

Sound pr inciples  of water use and heal th  protection must be b u i l t  i n to  old and new 
agr lcu l tu ra l  developments allke,  ~f they a re  not t o  perpetuate tk mistakes of the  past. 
The current FA0 programme lays emphasis on the res torat ion and mprovement of 45 million 
hectares of i r r i ga t i on  and 52 million hectares of drainage m exis t ing agr icul tural  develop- 
ment schemes. 

With the  desire  of lntensifylng t h e i r  cooperation, FA0 and WHO have reached formal 
agreement of collaboration In  the prevention and control of water-borne and associated 
diseases and the introduction of ru r a l  water supply and sani ta t ion i n  agr lcul tural  develop- 
ment ac t i v i t i e s .  

UNDP - M r  G.E. Antlppas, Assistant Resident Representative, Cairo, i n  h i s  statement on - 
"Mechanism f o r  requesting UNDP technical assistancett explained t h a t  national proJects 
financed by W P  are governed by the Indicative Planniw F1b-u-e (IPF) which gives an indica- 
t i on  of the amount of funds a v a l a b l e  f o r  allocation over a flve-year period. The Nationel 
Government, usually throu* the Mlnistry of Plannuy, is  responsible f o r  the coordination a d  
dis t r lbu t lon  oi these funds t o  i t s  varlous activities. 

UNDP a s s i s t  ~overnmentr m identifying the d i f fe ren t  needs i n  such sectors as industry, 
agriculture,  health, transport ,  communication, etc., and m advlslng on the use of these 
funds. 
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The Seminar participants were lnfonned of the mechanism se t  up by W P  for  applying fur 
technical and financial assistance. 'lib request document should contain infolatation on such 
essential elements of a proJect as developncnt objective, functional emphasis, inmediate 
objective, special consiberation, background and Justification. 

The pre-investment assistance provided by IM)P enables countries t o  carry out feasi- 
b i l i ty  studies that  serve as bases for investment decisions. The catalJrtic character of 
t h i s  assistance is of particular Importance as it engenders fhrther financial assistance for  
major projects. 

USAm - Mr J.F. 'l!homson, Chief Envirarmnental Health, Office of Health, 16 Agency for - 
International Development, Washington, In his statement on 'A ID  Concern for hvironmental 
Impactn informed the Seminar that the 16 Agency for  International Development recognizes the 
worldwide and long-range character of environmental problems and supports ini t iat ives 
designed to anticipate and prevent the decline In the quality of mankind's environment. 

AID policy on the enviFornoent is directed (a) t o  ass is t  developing countries in assessing 
potential environmental effects of proposed developaent strategies and projects, and t o  
select, implement and manage effective measures of envirarmental protection, Ud [b) to easum 
that  the environmental consequences of proposed AID-financed act ivi t ies  are taken into account 
and environmental safeguards are adopted before reaching the f ina l  decision t o  proceed. 

Through this policy A I D  puts a t  the disposal of developing countries the long scientif ic  
and lsanagtr~ent experience gained by the LBA i n  dealing with its own emiroamerrtal problems. 
A t  the same time, it recognizes the sovereignty of assisted countries, their differing 
priorities, stages of development, cultural and social values, environmental concerns, etc. 
AID seeks close collaboration with recipient countries In carrying out I s  environmental 
responsibilities. 

A I D  glves maJor importance t o  the systematic assessment of every proposed new developmmt 
activity at the ear l ies t  possible stage for identifying sieplificantly potential effects cm 
the envlmnment, and to the preparation of a detailed environmental impact assessment In each 
case where such effects are probable. Based on the results  and significance of t h i s  asse8a- 
ment, the host country and A I D  w i l l  reach agreement on any necessary modifications prior t o  
the approval of the proposed activities. 

It I s  AID p o l i q  t o  stimulate and ass is t  cooperating countries t o  develop the knarledge 
and institutional capabilities necessarJl t o  address successfully the environmental aspects of 
tblr naticnal development progr-s. 

Introduction 

The planning of ac t iv i t ies  for  the prevention and control of water-associated diseases 
In water resources development projects can be discussed by following four closely related 
approaches: (1) ac t iv i t ies  a t  the different stages of execution of the project (2) 
measures applicable t o  each of the main components of the project (3) measures directed 
against each kind of vector (4) measures according t o  their nature or type. 

The Seminar agreed t o  review and discuss the planning of act ivi t ies  in the order 
presented In the following table, which offered certain definite advantages:- 

Phase of Executkm b w  of Measure Wansmittlng Vector Project Component 

Planning EnviroIlmental Mosquitos Reservoir 

Deslgn Construction Chemical Snails h i g a t i o n  system 

Operation and Biological Flies 
Maintenance 
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This order gives a chronological sequence and reduces repeti t ion,  a s  many measures a re  
commonly applicable t o  reservoirs  and i r r i ga t i on  systems against  d i f fe ren t  vectors and 
project components. I n  addltlon, the a c t i v i t i e s  involved in each phase of execution a re  
more d i s t i nc t l y  dif ferent ia ted and planners, designers, constructors and operators can r e f e r  
more eas i ly  t o  t h a t  sector  with which they are par t icular ly  concerned. 

W j n g  the p v  e f fo r t s  a re  concentrated on the  acquisit ion of infonnation 
through the collection and review of data  in available documents, records and reports, and in 
the  undertaking of studies, surveys and investigations t o  complement and bring up t o  date the 
available mformation. During t h i s  phase suf f ic ien t  knowledge should be acquired s o  t h a t  its 
analysis w l l l  lead t o  the ident i f icat ion of environmental elements, including man, t h a t  w i l l  
be affected, t o  the  prediction of changes m these elements and t o  the evaluation of the 
importance and magnitude of the e f fec t s  t ha t  these changes may produce. Most of t h i s  infor- 
mation w i l l  be valuable as  basic data  fo r  planning and f o r  the  follow-up evaluation of 
progress a d  achievements. 

During the  d e s i ~ f l  phase, a t tent ion is d i rec t ly  addressed t o  vector control plans and 
designs of feztures t o  be incorporated in the proposed works, t o  consultation and advice so 
t h a t  planners and d e s i p e r s  take in to  account reconanended modifications and additions and 
r e f l e c t  them. 

During t h t  construction phase, the main task centres on supervisory vigilance by 
competent heal th  spec ia l i s t s  so  t ha t  the  approved changes i n  design are actually carr ied out 
d u r i g  the construction. 

During t he  operatlor. and maintenance phase, the  prlmary concern is with the planning of 
long-term and r0utir.e a c t i v l t l e s  t o  be carr ied out as an in tegra l  par t  of the  regular operation 
of the  project. The manapmng s t a f f  of the  project w i l l  be ass is ted by the health s t a f f  t o  
ensure t ha t  adverse health conditions are prevented. The planning and execution of 
emergency on complementary preventive and control operations against disease vectors and 
intermediate hosts as  well as  t h e  periodic evaluation of progress and the  following adapta- 
t i on  of operation programmes are essential features  of this phase. 

Before entering Into the discussion of planning heal th  safeguards, a sumary review 
was made of measures available f o r  the prevention and control of vectors associated with 
water resources developnent projects. 

7.1 Prevention and control measures In  water resources develorment projects 

A. Environmental Mana~ement 

Environmental management measures f o r  vector control are directed towards preventing, 
eliminating or reducing the vectors and they are almed at:- 

(1) Environmental modification o r  reduction and elimination of sources where the vector 
lays  eggs, breeds and propagates. This term covers any physical transformation of 
permanent or long las t ing  character of land, water and vegetation aimed a t  changing or  
eliminating hab l ta t s  of vectors without undue adverse e f f ec t s  on the  quality of the  environ- 
ment. It lncludes f i l l i w ,  dramage, land levell ing, e tc .  

(2) Environmental manupulation is the term applied t o  any planned ac t iv i ty  aimed a t  
producing conditions unfavourable t o  vector breedlng a t  t h e i r  habitats.  These ac t iv i t i es ,  
such as water s a l i n i t y  changes, stream flushing, water level  management in reservoirs, 
shadlng and exposure t o  sunlight, etc. a re  usually of temporary e f fec t  and have t o  be 
periodically repeated. 

(3) Reduction of man-vector contact covers a l l  means, operations and installations t h a t  
prevent o r  reduce the access of vectors o r  dlsease agents t o  human beings. This includes 
s i t e  selection of population centres, mosquito prooflng of houses, personal protection and 



hygiene and provision of such installations as mechanical barriers, water supply, excreta 
disposal, laundry, bathing and recreational f ac i l i t i e s  t o  prevent and discourage 
population contact wtth Infested waters. 

Water level management: This measure can be the most effective for  controlling mosquito 
growth in reservoirs. While water level management is most practicable in reservoirs bui l t  
in series on the same river system, it may not be fea6ible or require additional structures 
when it involves very large impoundments or a single reservoir. 

It consists of the periodic lowering and raising of the water level so tha t  the shoreline 
belt is rapidly dewatered or flooded and thus mosquito eggs, larvae and pupae are stranded o r  
drowned and destroyed. Normally t h i s  water fluctuation cycle is completed In one week. 
?!he effectiveness of this measure depends on the pre-impow~3ment preparation of the land that  
is t o  be sutmerged; complete clearance of vegetation that  may protrude when the reservoir 
is a t  its lowest level of operatian and proper drainage of the fluctuation zone t o  avoid 
&the formation of pmds when the water recedes. Maintenance is required t o  avoid the growth 
of weeds and vegetation, particularly the floating-mat type of aquatic plants; the 
objective should be t o  keep a clean water surface and a clean shoreline around the reservoir. 
Water level management as practised by the Tennessee Valley Authority, I R A ,  has proved t o  be 
the most effective single measure for mosquito control in reservoirs. Here, a ser ies  of 
reservoirs on the same river basin offers the optimum situation t o  apply water level manage- 
ment. The peak of mosquito production occurs in la te  Spring when the reservoirs are full; 
this allows the periodic weekly fluctuation of water level t o  start when it is most needed 
for mosquito control and t o  combine it w i t h  the gradual recession of the reservoir level 
during the dry season drawdom of the year; the fluctuation of water level is interrupted 
by the end of Summer when mosquito production ceases. 

Water that  is drawn out of an upper reservoir t o  lower i t s  level is used in the next 
dom-stream reservoir t o  raise its level; step by step the water passes from one reservoir 
t o  the next unt i l  it reaches the l a s t  reservoir. A s  the system cunprises 9 main r ivers 
and 21 tributary dams, the operation requires highly developed water control, careful 
programming and s t r i c t  adherence t o  water management schedules. 

In the instance of a single dam, t o  practise water level management may require building 
one or two minor"equalisingl' reservoirs; one upstream t o  store sufficient water for  the 
periodic raising of the level in  the main reservoir, and another, below the main reservoir 
t o  receive and store the drawn out water from the main reservoir for  subsequent distribution 
t o  irrigation systems. 

Reservoir preparation: whether or not water level management i s  practised, the land that 
w i l l  be flooded when the reservoir is f u l l  should be prepared. The objective of this 
preparation for mosquito control i s  t o  clear, drain and otherwise modify the basin so that a 
clean water surface and a clean shoreline i s  created in the reservoir and so that  a l l  
marginal ponds, sloughs, depressions, marsh areas and swamps wil l  drain direct ly t o  the main 
lake. The preparation of each reservoir is an individual problem and must be approached on 
the basis of existing conditions and those expected t o  develop and prevail a f ter  impoundage. 

For mosquito control, it i s  not necessary t o  clear the deeper portions of a reservoir 
where all timber would be permanently and completely sutmerged. When the reservoir is not 
used for navigation, it is possible to reduce the amount of clearing In the deeper part by 
cuttlng the exposed t ree  tops before the reservoir is completely ful l ;  th i s  operation is 
performed fran small boats and barges. It is most important t o  establish the basic clearing 
l ine or zone as accurately as possible; local conditions may M i c a t e  the need fo r  extending 
t h i s  zone above the maximum water level. 

The initial f i l l i n g  of the reservgix should be as rapid as possible after  its preparation, 
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as  heavy regrowth of woody species of vegetation may take place i f  the  Interval  between 
clearing and reservoir  f i l l i n g  1s prolonged. 

Marginal drainage: The f l a t  margins above the water level  of reservoirs are l l ab l e  t o  be 
water-logged and can eas i ly  create  marshes and swamps unless they are properly drained and 
connected t o  the main lake. A s  these drains are  frequently clogged by silt carrled by 
surface water they require frequent cleaning t o  keep them in working order. 

Straighten* of the  shoreline: Many of the indents and protrusions along the shorellne of 
the  reservoir  can be rectified through cuttmg, deepening and f i l l i ng .  This work shortens 
the  length of the  shorellne and allows the  wave action t o  reach a l l  par ts  of the margin, thus 
disturbing mosquitd- egg-laying and t he  larvae development. Straightening of the  shoreline 
should be a main feature of the reservoir preparation and should continue throughout its 
operation. 

&king and dewatering: b%en the  i r r egu l a r i t i e s  in the shoreline cannot be corrected through 
cut t ing and f i l l i n g ,  dykes and levees a re  b u i l t  t o  s t ra ighten the  shoreline, par t icular ly  i n  
swampy areas. Water accumulated behind the dykes is released t o  flow by fpavlty t o  the 
reservoir  at low level,  o r  otherwise must be pumped. Dykes should be designed and bu i l t  
before the  reservoir is f i l l ed .  

Clearance of vea t a t i on :  Shoreline and f luctuat ion zone of reservoirs should be kept c lear  
of a l l  vegetation t o  ensure effect ive control of mosquito larvae. Equally important is  it 
t o  keep a l l  i r r i ga t i on  canals and drains f r ee  from weeds and other plants t h a t  grow 
profusely i n  t he  bedsand banks; t h i s  vegetation apart  from retarding and even obstructing 
t he  flow of water, provides excellent hab i ta t s  f o r  mosquito and s n a i l  breeding. Vegetation 
clearance may be combined with canal dredging f o r  silt removal, consolidation of banks and 
f i l l i n g  of bed depressions. Where t h i s  is done frequently, ~t may prevent mosquito breedine. 
Otherwise additional marginal deweeding should be done regularly. 

Effective utilization of i r r i ga t i on  water: The uncontrolled amount of water delivered t o  t he  
i r r i ga t i on  system is  a major cause of agricultural a s  well as health woblems. O v e r f l o w l ~  
canals t h a t  Inundate the  adjacent lands and excessive seepage t ha t  sa turates  the s o i l  and 
forms stagnant pools are as harmful t o  crops as they are favourable t o  mosquito breedmg. 
Surplus water may also overtax the capacity of the dramage system, with consequent floodmg 
and formation of stagnant pools. 

Water velocity: Canals and drains should be designed so  as  t o  convey water a t  the hipfiest 
possible veloci t ies .  This is  an important measure from the viewpomt of economy as well as 
f o r  mosquito and s n a i l  control. Gates and other regulating devices should be ins ta l led  a t  
those points where they are most effect lve t o  ensure t h a t  t he  canals work a t  t h e l r  des- 
capacity a t  a l l  times; an overloaded canal causes erosion, overflowing and excessive seepage, 
an underloaded canal may cause siltiw and flow a t  veloci t ies  which may encourage oviposltlons 
md l a rva l  growth o r  s n a i l  colonization. 

Imwovement of the conveyance and dis t r ibu t ion  systems. The l in ing  of canals and the= 
gradual conversion t o  covered conduits and plpellnes and the introduction of sprinklznt 
i r r l g a t l o n  in cul t ivated f l e l d s  are means of d ras t ica l ly  reducmg the opportunities fo r  
mosqulto breed-. 

Fluhlng d canals and drains: Intermit tent  i r r lga t lon  and flush- of canals and drs lns  ,-t 
regular  in te rve l s  has been reported t o  be a= effect lve neasurt. for  i n t e r ~ ~ p t i x  mosquito 
breeding. I n  the Mahawell Ganga scheme, S r l  m a ,  ?enodic  f l ~ s h i n g  kci:t canals f r ee  of 
mosquitos as  f a r  as  13 kn fron the later discharge p o u t .  

Reductla of ma/mosqu~to contzct: Through proper selection of sites f o r  vil la&en and other 
comnunlties, away from pernaqently ? o t c ~ t i c l  mosqulto habi ta ts  (reservoirs, lakes, lagoons, 
e tc . )  ana on the leeward of oreveilme: trmnds, acress of mosouitor t o  dwelllnrs can he 
Se:tl; r edxec .  clood s lrve;.  errl led ndt nloxi thc 14u~n ; f~ - -~ rh  c ~ n a l ,  P '~as tan ,  



showed that  the malaria infection ra te  in the population living w i t h i n  one mile on ei ther  
side of the canal was twice as high as in the population livlng further away. 

Another means for  preventing man/mosquito contact i s  the mesh-screening of windows and 
other openings of houses and the use of mosquito nets. These measures w i l l  be effective 
only if  they are accompanied by intensive hea l t t  education of tha public in their 
proper use and maintenance. 

2. SNAILS 

The Seminar noted that  most of the environmental management measures already l i s t ed  
for  mosquito control are equally applicable t o  snail  control. (See Annex 9 ) .  

Control measures applied t o  reservoirs such as marginal drainage, straightening of 
the shoreline and dyking and dewatering w i l l  obliterate many of the s i t e s  favourable t o  
snails. Water level management has not been tr ied i n  areas infested by the intermediate 
host of schistosomiasis, but as snail eggs have a very short l i f e  outside the water, this 
measure may be as effective for snail  control as it is for  mosquito control. 

Clearance of vegetation in the reservoir, canals an3 drains is even more important t o  
snail  control than it is t o  mosquito control. Snails to survive need vegetation as food, 
shelter and anchorage in running water; sonretimes even the shade provided by trees along 
the banks favours snail  colonization. While for mosquito control vegetation clearance 
could be limited t o  removing floating aquatic plants, cutting reeds, bushes and trees 
shortly below the lowest operation water level of reservoirs and uprooting weeds that  emerge 
t o  the surface or on the edges in reservoirs, canals and drains; for  snail  control it is 
necessary t o  remove elso deeply submerged vegetation, which can only be done by dredging, as 
snails  can survive a t  depths of two or three meters below the water surface. 

A s  the snail  Intermediate hosts can migrate from reservoirs and canals t o  nearby pools 
and other water collectians, including borrow pits, drainage of ground depressions in 
cultivated f ields and neighbowing lands together with effective control of irrigation 
water is as essential for snail control as it is for mosquito control. 

Canal l ining is particularly important for  snail  control; the llning automatically 
increases the water velocity, reduces s i l t ing  and thus vegetation growth. Increased water 
velocity close t o  the edges and bed, by reducing water friction, produces a more smoothly 
flowing current and eliminates "water pocketsn which are particularly attractive snail  
habitats. 

The conversion of open canals and drains t o  covered conduits and pipes and the illtr0duc- 
t ion of subsoil or sprinkling irrigation for  cultivated f ields is a maJm deterrent t o  snail 
colonization. 

Intermittent irrigation t o  allow canals and drains drying has only a part ial  effect on 
adult snails as  they can survive desiccation for  long periods; however, it would be 
effective against the i r  eggs in the absence of vegetation. Periodic flushing w i l l  wash 
away many smails especially i f  it is prolonged and energetic. 

Reduction of madwater contact: Men plays an actlve and wilful role m the transmission of 
schistosomiasis while in the transmission of malaria or other mosquito-borne diseases h is  
role i s  passive and unintentional. If schistosomiasis carriers and patients could be 
persuaded t o  stop polluting water with the i r  discharges or i f  people could be prevented from 
contacting t h i s  water, disease transmission can stop. Past e-cperlence has proved that th is  
i s  not feasible, but several means are available t o  reduce mm/water contact. 

",ti% of v i l l w s :  Villages and other population centres located adequately away 
from reservoirs, canals, drains, streams, etc. w l l l  discourage people from urinating, 
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defecating, washin& and bathlng m the same water. Barr iers  t o  prevent access t o  Infested 
waters, such as fencin&, are a d ras t lc  and unwelcome mezswe which should be used as a last 
resor t  when a l l  other ways of persuasion have fa i led,  but overpasses and bridges on canals 
and streams have been found effective. 

liater supply: The provlslon of safe, convenlent and suf f ic ien t  water f o r  a l l  domestlc 
purposes is an imperative measure. The type of Ins ta l la t ion  should conform t o  the  degree 
of development of the comnunlty, t u  the loca l  conditions and t o  the  soc ia l  level  of the 
users. The system should provide f o r  the adequate drainage of wastewater. For schistoso- 
miasis control it 1s necessary t o  add convenlent public laundry ins ta l la t ions  and safe  
bathing ponds or  basins o r  showers, mainly f o r  children. 

Excreta disposal: Whatever the degree c6 community developnent, every household should 
be provided with sui table  means f o r  the  sa fe  disposal of human wastes. These ins ta l la t ions  
may vary from the slmplezt la t r ine ,  t o  the water privy and sep t ic  tank; in case they 
should be simple, easy t o  maintain, properly located, and acceptable t o  the  users. They 
should be so b u l l t  and maintamed as t o  guarantee the  protection of so i l ,  surface and mound 
water f r m  any so r t  of pollution. 

Rainwater disposal: Particular a t tent ion should be paid t o  the  drainage of surface water in  
the neighbourhood of v i l l w e s  and cther  settlements. When r a i n f a l l  1s abundant, diversian 
ditches along the boundaries should be dug t o  keep s t r e e t s  and empty p lo t s  dry; within the  
vil lage,  a l l  land depressions exposed t o  flooding should be f i l l e d  and levelled. 

A s  the Seminar had previously discussed, the most important fly vectors associated w i t h  
water resources development projects a r e  the  Simuliun f l i e s  and t o  a l e s se r  extent the t s e -  
t s e  f l i e s  

Environmental management methods fo r  %imi&m f l y  are based on the modification of 
condltlons favourable t o  t h e w  breed&. Oviposition takes place i n  f a s t  flowing waters, 
with suf f ic ien t  turbulence such as  r i ve r  rapids t o  provide fo r  t h e  necessary aeration and 
food. I r r iga t ion  and dramage systems do not normally of fe r  these conditions; the reser- 
voir, when f u l l ,  floods long s t re tches  of the main and t r ibu ta ry  r i ve r s  and thus destroys 
a l l  fly-breedmg s i t e s .  me dam a t  Nounbiel on the Black Volta, between Upper Volta and 
Ghana w l l l  permanently e l m m a t e  f l y  multiplication along the  200 ka of t he  r i ve r  and its 
t r ibu ta r ies  by the inLnundation of exis t ing habitats.  This flooding w i l l  represent a saving 
of ZlS$lSO 000 a year, currently spent on la rv ic ida l  operations. The f ly ,  hawever, may 
continue breedlng upstream, above the reservoir o r  i n  the  overflow spillway of t h e  dam and 
in the downstream current. 

Very l i t t l e  has been done t o  control vector breeding by environmental management 
methods and the discussion of the Subject was purely theore t ica l  without actual  support on 
facts.  

The f a s t  velocity and water turbulence i n  a natural  stream can be reduced by enlarging 
its cross-section or  by reduciw ~ t s  hydraulic gradient. 

Cross-section and stream traming: Whenever possible obstacles tha t  cons t r ic t  the even flow 
of water i n  thc course should be removed; t l x se  include boulders uld rock masses which 
const i tute  the n ~ t u r a l  oed of the r i ve r  and freauently jut out on the  surface. Sometimes 
*is removal demands extensive underwater blast- wlth explosives. Blasting could be 
extended t o  deepening the water channel a t  the rapids. By increasing and regularizing 
the cross-sectional area of the stream, apart  from reduced water velocity and turbulence, 
many of the protruding and submerged rock surfaces on which the  f l y  eggs and larvae adhere 
w i l l  disappear. In  s t r e m s  florrrng through s l l d ~ t l y  sloping ground it would be possible 
t o  widen its channel 'by cut t ing and rect i fying i ts  margins, o r  by remov* sand and gravel 



banks. It must be recomized, however, that the change of water flow conditions at one 
point of the river, t o  eliminate one breeding s i te ,  mzy 2roduce new breed* s i t e s  down- 
stream. 

Hydraulic gradient: The reduction of the hydraulic g r d i e n t  demends the construction of a 
series of weirs or low dams across the stream t o  produce a sl~ccession of baslns of sloi: 
flowing water. To prevent the formation of f l y  breeding s i t e s  a t  the foot of each weir, 
water should not be allowed t o  s p i l l  over the wall. Instead, water should pass from basin 
t o  basin through sutmerged sluice gates, piped spillways or inverted syphons; these devices 
w i l l  not provide sufficient aeration fo r  the breed- of larvae. They have t o  be so 
designed as t o  protect them from becoming clogged by vegetation and other debris carried by 
the current. 

Dry* and flushing: Drying of streams, t r ibutaries and in certain situations or seasons 
the r iver  bed down stream of a dam, may be feasible and i s  effective if done over periods 
of a few days. Flushing may be effective only if  it is powerful and repeated often during 
breeding seasons. 

Diversion works: In certain instances it would be possible t o  bypass rapids and other r iver  
stretches of high water velocities by the construction or blasting of diversion canals 
looping out t o  lengthen-the course and therefore reducing the slope of its bed. 

Vegetation clearance: Because eggs and larvae need a firm support t o  which t o  attach them- 
selves while going through thei r  developnent stages, a l l  material that  offers such support 
should be removed. This includes stranded debris as well as  living vegetation i n  the 
stream, tree trunks, reeds, weeds, etc. In rivers with a large seasonal variation of water 
level th is  i s  practically impossible; added t o  th i s  vegetation clearance should be an a l l  
continuous operation because of rapid renewal in equatorial and tropical climates. 

The Seminar f e l t  that the application of environmental management measures, excluding 
vegetation clearance, may demand major endneering works and, therefore, be costly on a 
short-term basis. A s  the f ly  hasa f l ight  range that  is measured i n  hundreds of kilometres, 
t o  be effective against the disease these works have t o  be carried out over long stretches 
of the r iver  system. Besides, the usually inaccessible nature of r iver  basins and their 
thick vegetation cover makes it very d i f f icul t  and expensive t o  reach all the s i t e s  where 
f l y  breeding takes place. 

The environmental management for the control of the Glossina fly, vector of human and 
animal trypanosomiasis, i s  directed t o  the clearance of vegetation in and around human 
settlements, ponds, lakes, etc. and a t  watering points and r iver  crossings. 

Conversion of forest land t o  agricultural production, reclamation of swamps, through 
drainage and f i l l ing,  and any other work that  implies the destruction of thick vegetation 
in  the neighbornhood of communities w i l l  drive the vector f'urther away and reduce its 
contact with man and cattle. 

The provision of a water supply w i l l  reduce the need for  people getting near the r iver  
systems, habitats of the tsetse fly. 

B. Chemical Control 

The production of highly effective insecticides with a lasting residual effect  in the 
la te  40s brought forth the most reliable, rapid and practical measure for  the control of 
mosquitos and the diseases they transmit. Despite the fact  that  certain vectors have 
developed resistance t o  same insecticides or have changed thei r  behaviaur t o  elude thei r  



action, t h a t  s t r ingent  precautions a re  needed t o  protect man and the environment, and t h a t  
the  cost  of chemicals is constantly on the  increase, t he  use of insect ic ides  w l l l  remain the  
main method of control of a number of vector-borne diseases f o r  years t o  come. To overcome 
the  above drawbacks, the  Semlnar f e l t  stron&ly t h a t  lnsect ic ldes  must be applied a t  carefully 
studied timing, dosages and frequencies with t he  highest standard of operational efficiency 
and t h e l r  use must be r e s t r i c t ed  t o  areas and s i tua t ions  where they a re  absolutely essential .  

Residual sprayin&: A s  most mosquito vectors normally search fo r  the  nearest M o o r  surface 
aSter b i t ing  t o  r e s t  and digest  t h e i r  blood meals, they could be ki l led,  if such a surface 
has been previously sprayed wlth an insecticide of lasting residual  action. A s  such, t h l s  
l i f e  longevity is shortened and cannot carry and transmit the diseases. This has been t he  
baslc principle f o r  massive campaigns of indoor spraying of houses, s tab les  and other 
buildmgs i n  anti-malaria programmes. 

Three d i f fe ren t  groups of pesticides have been used f o r  residual spraying:- 

(a) Chlorinated hydro-carbon compounds (DDT,dieldrin, HCH, etc. ) They were the f l r s t  used 
and proved t o  be effective, cheap and most convenient. The stability and long las t ing  
e f fec t  of some compounds have been the cause of concern among environmentalists (DDT 
in particular). Vector resistance forced a reduction i n  t he l r  'application indoors 
and the environmental concern i n  t h e n  use outdoors. 

(b) Organophosphorous compounds (Malathion, fenltrothion, etc.) are more expensive and have 
shorter res idual  action. They require more frequent application than DDT, whlch 
increases operational costs. 

(c) Carbamate compounds (Propoxur, etc.)  l i k e  many organophosphorous materials rcqulre 
speclal  safety  measures and equ lpen t  because of t h e i r  high toxicity.  Its cost i s  
v e r j  hl&h and i ts  resldual e f f ec t  shorter  than DDT. 

The ~ r v e s t l g a t l o n  and production of new resldual  pestlcldes has l o s t  i t s  mpctus 
d u m g  the last t en  yea-s. Prohibitive costs, vector r e s ~ s t m c e  and environmental concern 
have reduced the  scale  of pesticide consumption i n  public health. Improved appllcatlon 
techniques, correct timing and dosages meetlng loca l  conditions (trnnsmisslon season, 
vector ecology, clim2te, habl ts  of populations, e tc . )  are essential t o  prolong the effflctcy 
of chemical control of mosquitos. 

Space a a ~ l i c a t i o n :  It consls ts  of applying minute pmt i c l e s  of the lnsect lc ide 
formulations t o  the a i r  so t h a t  they come i n  contact with f lying or res t lng  mosquitos and 
k i l l  then. The cost is  usuzlly high a d  requires the use of sophisticated equipnent, 
sk l l l ed  manpower and a high degree of organization and managerla1 efficiency which 1s seldom 
found m f i e l d  operations. Its use as a routine operation is  usually limited t o  urban 
areas o r  t o  emergency f l e l d  operations against  disease outbreaks; it could a lso be used i n  
r u r a l  areas as a temporary or  supplementary measure t o  more conventional methods. 

(a) Aerosols. The insect ic ide 1s applied as a f i ne  m i s t  as they come out from the nozzle 
of a pressurized dispenser. Pyrethrum, e i t he r  alone or mkced with other insecticldes,  
is  commonly used. Dishlorvos and other s imilar  insect ic ldes  have become more popular 
in recent years. 

(b) Thermal fog. The insect ic ide is broken down and dispersed by hot a i r  produced by a 
small in te rna l  combustion engine or  e l e c t r i c  motor. It can also be discharged from a 
venturi  tube near the exhaust of a motor car or a i rc ra f t .  The high speed exhaust 
gases break the insect ic ide and disperses it a s  a fog over a large area as the veivcle 
o r  aeroplane moves forward. Heat generators can only be used where humidlty 1s high. 
I n  dry a i r ,  the hot gases r i s e  quickly and a re  los t .  A gentle breeze ( 3  t o  8 h / h )  is 
needed f o r  wlde dis t r ibut ion.  

(c) Cold fog. A s  high heat may break the chenical s t ructure  of the  insectlclde and fog 



causes t r a f f i c  problems, cold fog and mists have largely replaced t b n m l  fog. It can 
also be used in hrnaLd or  dry air conditions. Mietblowera are used fo r  cold fogging. 
Their effectiveness dalx&s on tha i r  abi l i ty  t o  mute evenly distributed droplets of a 
given range size over a determlnad swath; malathion, fenthion and d e d  in solution or 
emulsion are used fo r  cold fogging. 

(d) Ultra-low-volume (W) teckniqw. using high-concentrate pesticides at lmer 
application dosages operaticad logist ics  and costs can be greatly reduced. Plis is 
of particular importmoe when ai rcraf t  or motor cars are used for  insecticide application; 
without incrossing the load, wider coverage can be achieved. However, it increases 
the toxicity risks, especially during handling and application. wlathion is moat 
widely used in ULV application; nalsd, fenthion and Abate have also been tried with 
success. Plase insecticides are Modogmdable arxi at dosages applied for  mosquito 
control they a m  quite safe t o  man and the environment. 

Iarvioidin&: lbgether with chemthera~,larvicIdlng has been the  oldest nnlaria control 
measure. Ihe application of o i l s  and Paris Gmen t o  m n g  areas was the major control 
measure. O p e r a t i o n a l  techniques have now been improved considerably and newer more 
effective m a t e r l a l  and methods a m  available for  Lwriciding. 

Most larvicides are short lived and t h r e f o r e  application must be frequent. This calla  
f o r  a vast number of operators and field supervisory and evaluation staff  with increased 
sdministrative, logist ic  and financial complications. Breeding s i t e s  dffferwidely, may be 
f a r  a*.y a d  difficult to  locate and treat. Their extent and location may vary with tha 
season8 and with Fainfall. This denands constant reconnaissance ud -t. Pie 
quality of water and the preservation of aquatic l i f e  nay dictate tha choice of LaFvicide and 
the application technique. In short. larviciding should be considered as a supple men^ 
m e a s u r e ,  applied t o  well-defined am3 restr icted beeding si tes,  and with the recognition 
t h a t  it offers only limited control. 

Abate  is tlm mast corn larvicide, and the small dosages needed f m  mosquito control 
are safe t o  mm8l.s and fiah. 

Other larvicides used m e  fenthion and dursban. They have higher toxicity and must be 
used with care and caution. Compounds used in residual spraying must not be used as 
larvicides as they may accelerate the developnent of resistance t o  sane of these compounds. 

The correct dosage and uniform application of larvicides present a major problem. W i n d ,  
water and vegetation affect the efficacy of the chemical; it re l ies  more than in residual 
spraying, on the s k i l l  and conscientiousness of the operator t o  cover evenly the whole breed- 
ing si te .  This requires proper training, careful supervision and frequent checking of the 
results. The dosage and frequency of application have t o  be increased t o  take into account 
these variations so that  adequate control can be maintained throughout. 

2. SNAILS 

Because the use of other methods of schistosomiasis control present definite limitations,& 
drugs are toxic and only part ial ly effective, sanitation is a long-term measure that  depends 
on human collaboration, etc. Control against the snail  intermediate host has in the past 
been the major method of control of the disease. 

Several techniques of molluscicide application have been used from dragging and shaking 
by hand sacks containing the chemical t o  d r i p  methods and application by plane. 

When chemicals with a lasting molluscicidal effect were developed, the technique known 
as the "chemical m i e r n  was applied t o  flowing waters; it consisted of applying soluble 
or emulsifiable chemicals a t  a constant rate a t  convenient feeding points of the watercourse, 
the water current carrying and distributing the chemical throughout its length. The chemical 
barrier technique has been used as a permanent measure with very low concentrations of the 
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chemical constantly fed t o  the watercourse or  a t  hlgher concentrations t o  produce a shock 
e f fec t  of short  duration a t  perlodic intervals.  

~ 2 n d  and motor-driven sprayers are used f o r  t rea t ing  standing waters, such as lakes, 
reservoirs, etc.  o r  i n  watercourses where vegetation may impede the proper dispersion of t h e  
chemical by feeding method. Emusifiable and spreadable o i l  formulations are par t icular ly  
useful f o r  spraying; wettable powders have a l so  been used. 

Chemical application from a i rc ra f t ,  as  it is  practised f o r  mosquito control, has been 
done in extensive i r r iga t ion  schemes. I n  the Gezira i r r iga ted  area i n  Sudan where a l l  t he  
above techniques have been aaplied, treatment from a i r c r a f t  w a s  found effect ive and economical. 

New techniques, such as slow-release and ba i t  formulations, have been actively explored 
i n  recent years. 

Many chemicals nave been used as  molluscicides. The ear l i es t ,  copper su l fa te  m 
crys ta l  form, proved t o  be insuff ic ient ly  active, toxic t o  f l s h  and other aquatic l i f e  and 
of very short  effect .  Sodium pentachlorophenate was the  f i r s t  chemical t h a t  retained i ts  
molluscicidal ac t lv i ty  f o r  some time and could be dispersed from feedlng points a t  the  head 
of the  watercourse. Its chemlcal s t a b i l i t y  was affected by sunlight; it caused i r r i t a t i n g  
and p t e n t i a l l y  dangerous e f fec t s  t o  handlers. These two chemicals have been replaced by 
more re l iab le  molluscicides. 

N-tritylmorpholine, more commonly known a s  Frescon, is e f fec t ive  a t  an extremely low 
concentration (0.1 - 0.5 mg/l f o r  one-hour exposure and 0.01 - 0.05 mg/l f o r  24-hour 
exposure) and has limited general biocidal action. It makes it possible t o  control sna i l s  
without harming f i s h  populations. Mud, vegetation and light have l i t t l e  e f fec t  on its 
activity.  I n  acidic  water^ (pH values below 7.0) a loss  of ac t iv i ty  may occur because of 
decomposition by hydrolysis. It 1s  not effect ive against sna i l s '  eggs. 

Niclosamide, a lso known a s  Bayluscide, is  effect ive against snai ls ,  sna i l s '  eggs and 
schistosome cercariae wlthout being toxic  t o  man a t  dosages applied, but it is toxic  t o  f i s h  
and other aquatic animals. It is persistent,  but two days a f t e r  application it is degraded 
by sunlight. Although it is more expensive, lt is more e f f i c i en t  and eas i e r  t o  apply, and 
may therefore prove t o  be cheaper on a cost/effectiveness basis. In Puerto Rico, where 
Baylusclde is exclusively used as  molluscicide, very successful r e su l t s  have been obtained at 
dosages of 0.5 mg/l m standing waters and 3.5 4 1  f o r  one hour application t o  flowing water. 

Other chemicals such as  Yurimin, copper carbonate and tin and lead compounds are being 
tes ted or  gradually commg in to  pract ical  use. 

Some plants offer  good potential  f o r  s n a i l  control; Endod, a herb t h a t  has been t r i e d  
in Ethiopia, has given encouraging resul ts .  

The application of mollusc~des requires measurement of the volume of standing o r  flowing 
water t o  be treated,  so t h a t  the amounts of chemlcal required a re  applied i n  conformity with 
the specified dosages and times of exposure. After t he  i n i t i a l  application, it m a y  be 
necessary t o  repeat the o p r a t i o n  as  dic ta ted by the  potentla1 of sna i l  repopulation and the 
normal pattern of disease transrnisslon. 

The chemical control of the black f l y  vector of onchocerciasis is directed almost 
exclusively t o  the la rva l  stage. Adulticide campaigns are pract ical ly  unfeasible as the 
fly widely migrates from the  s i t e s  of breeding; eggs and pupae do not feed and could only 
be destroyed by strong contact insecticides.  

The f a c t  t ha t  larvae feed by f i l t r a t i o n  of suspended matter in the  water and t h a t  they 
are, due t o  t h e l r  ecological needs (speed of the flow, food i n  suf f ic ien t  quantity) usually 
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concentrated in certain spots fac i l i ta tes  chemical control a t  t h i s  stage of l i f e  cycle. 

Larvicide formulations are released upstream of each breeding s i t e  or s e t  of s i t e s  t o  
form a wave of chemicals transported by the water current invading and covering breeding 
s i t e s  as it moves downstream. The Wdrologic and topographic characteristics of the water- 
course need t o  be considered in  the selection of application points, the dosage, and in the 
t iming of the treament. To prevent harming non-target aquatic l i f e ,  the chemical. should be 
applied in low concentrations and it should be chosen among the least  toxic and biodegradable 
larvicides. Applications should be periodic, every 7 days is the usual practice, and should 
be carried out throughout the years unless there is evidence of a reproductive season. 
Larviciding can be interrupted also fa r  a certain period i f  the  absence of f l i e s  has been 
reported for  several weeks or months. Surveillance of these areas w i l l  indicate when the 
larviciding has t o  be done again. 

Temephosan orgamphosphorous compound has proved t o  be most eff icient  and safe and 
therefore is the most common in use. Accessibility t o  breeding s i t e s  is the maJor obstacle, 
particularly during the rainy season. The accidental configuration oP the terrain, the lack 
of roads and the thick vegetation cover of Jungles and forests  make it impracticable t o  
reach, identify and t rea t  a l l  the breeding places i n  the watercourse. Resort t o  aircraft 
has produced good results; aeroplanes are used for large and medium sized rivers, helicop- 
t e r s  for the smaller ones. Lrrrviciding needs t o  contirole for  many years and is costly. 

The chemical control of the tsetse fly, vector of trypanosomiasis is directed t o  adults 
a t  the i r  habitats in the vicinity of population centres. 

Residual spray- of vegetation and animals M which the f l y  feeds has -moved t o  be an 
effective measure. A s  the f l y  i s  s t i l l  susceptible t o  a l l  insecticides, there is no 
limitation in the selection; however, for  large-scale application, chlorinated hydrocarbon 
compounds should be avoided because of the i r  persistance and adverse effects on the environ- 
ment. 

Application from aircraft  over forest canopy or river systems has also been practised 
with reasonable results. 

C. Bioloeical Control 

Predator fish, molluscs, arthropods, etc., parasites, fungi, bacteria and viruses have 
been used for biological control. 

Of a l l  the biological agents available for the control of anopheline mosquitos,only 
larvivorous f i sh  has been used on a wide operational scale with good results. It has been 
reported that  over 265 species of f i sh  have been used against 35 species of mosquitos in 
more than 40 countries. Gambusia af f in is  was the first f i sh  to be t r ied  and remains the 
most effective and widely used i n  large-scale operations. Other f i sh  that are often used 
include Poecilia, Tilapla and Lebisthes. The annual f i sh  Nothobranchius and Cynolebias species 
whose eggs res i s t  desiccation, survive winter cold and hatch with first spring rains, are 
under study; they may be most valuable in areswi th  temporary mosquito breeding sites. 

The usefulness of f i sh  as a biological control agent depends on being highly prolif ic  
and amenable t o  large-scale cultivation, a "top feedern resistant  t o  climatic and water 
quality changes, and of small size t o  penetrate small breeding s i t e s  and c6uld be easily 
transported over long distances. 

Male steri l izat ion is another biological method of mosquito control under f i e ld  
experunent. It consists of releasing masses of adult male mosquitos, laboratory bred and 



s te rx l ized  by radiation o r  chemical treatment. 

2. SNAILS 

The use of snai ls ,  predators o r  competitors of the  intermediate host, imnune t o  
schistosome miracidial  infection, has proved highly successful in Puerto Rico. The 
ampullarid s n a i l  Marisa cornuarietis  and t he  planoribidae s n a i l  Helisoma a re  extremely 
voracious and gradually replace the  BiomDhalaria rslabrata when introduced i n  water reservoirs 
and ponds. It has been reported t h a t  Marisa and Helisoma sna i l s  absorb schistosome 
miracidia and thus prevent them from reaching t he  intermediate hosts; i n  addition, Marisa 
sna i l s  feed on egg masses and the young Biomphalaria snail .  

Snail-eating f ish,  L e w i s  and Astatoreochromis, may be of value in the control of snai ls .  
It has a l so  been reported t h a t  the  introduction of Gambusia caused a market reduction i n  the 
s n a i l  Intermediate host populations - Sciomyzidae f l i e s  t h a t  feed on eggs and young sna i l s  
have been used In Iran on an experimental basis. 

It was recognized by the  Seminar t h a t  the application of biologlcal control measures 
requires prolonged and careful  study and f i e l d  t es t ing  before they are Introduced m large- 
sca le  operations. 

Both the  black f l y  and the  t s e t s e  f l y  are exposed & nature t o  many parasi tes  and 
predators. Research IS under way t o  ldent i fy  and evaluate the  control potent ia l  of these 
biologlcal agents but it is  too ear ly  t o  say whether these agents could be used i n  mass 
campaigns. 

S t e r i l i z a t i on  of the male t s e t s e  f l y  is under study. Research carried out i n  Upper 
Volta with the aim of eradication has shown that it is possible t o  reduce Glossina pa lpa l i s  
considerably in  a l imited area of a f o r e s t  gallery. The eradication ta rge t  has not yet  
been attained, presumably due t o  continuous reinvasion of t he  re lease  area  by non-sterile 
male and female f l i e s  from adjacent infested areas. 

Weed control: The importance of vegetation clearance as an environmental management measure 
f o r  control of mosquitos, sna i l s  and f l i e s  was s t ressed and thoroughly drscussed a t  the 
Seminar. It was considered t h a t  a s  t h i s  measure has t o  be carefully studied during the 
planning and design phases of the proJect and applied frequently d u r i w  the construction, 
operation and maintenance phases t o  a l l  the  components of the  project, reservoir, irrigation 
system and communities, t he  subject of weed control deserved par t icular  attentlon. 

The term "weed" covers any unwanted or  out-of-place weed t h a t  grows spontaneously, 
without cu l t iva t ion  or  care, and may become a nuisance, hazard o r  problem. A s  most of the 
disease vectors, a t  ce r ta in  stages of t h e i r  development, feed exclusively on organlc matter, 
t he  prevention of weed growth deprives them of t h e i r  main source of food or shelter;  this 
is par t icu la r ly  applicable of aquatic weeds which feed mosquitos and f l y  larvae and young 
and adult  snai ls .  

Annual and biannual weeds a re  those t h a t  seed and die  withln one or  two years. 
Perennial weeds zre long-lastm~;,  t h e w  underground short  buds protect them from destruction 
by chemical treatment and are the most d i f f i c u l t  t o  control. 

Aquetlc weeds can be grouped in to  (a) immersed (b) f loa t ing  (c) suhnerged weeds and 
(d) algae, which can be unicel lular  or filamentous. 

Veeds, besides representing a permanent potent la l  or active hazard t o  heal th  by a s s l s t -  
in;: in the  propagation of vectors, can be a problem i n  i r r rga t lon  and dramage canals as  
they obstruct the flow of water, Increase s i l t i n g  and m a y  damitge banks. In  reservoirs they 



can be an obstacle t o  navigation, recreation and water quality; many weeds absorb w g e n  
from the water o r  produce substances t ha t  give an unpleasant odour and taste.  Weled growth 
can be M l r e c t l y  attacked by canal lining, deepening of reservoir shores, flooding and dry- 
ing, planting of Bermuda grass, occluding sunlight, etc. o r  d i rec t ly  dcstmyed by mechanical 
means, e.g. burning, cutt ing and raking, cMn dragging or hand-cut removal. Even when weed 
destruction is conscientiously carried out, it only provides a temporary r e l i e f  and therefore 
it has t o  be repeated periodically. 

Biological agents such as herbivorous f i s h  (Amur carp, Tilapia zol i ) ,  sna i l s  (Marlsa) 
and insects (beetles) have been used fo r  aquatic weed control. 

Chemical treatment is  the most wldely used method of control. Herbicides can be 
selective having effect  only on specific plar.ts, o r  non-selective. The s e l e c t i v i Q  of 
herbicides, however, depends much on environmental factors,  dosages and thoroughness of 
application and plant characteristics. 

Herbicides f o r  aquatic weed control act  e i ther  by d i rea t  surface contact or by 
absorption Into the plant, thus capable of reaching and destroying the roots of perennial 
weeds. 

Herbicides can be applied In a dry fonn, ~ a t e r  soluble powders, wettable powders, 
granular or pel le t  preparations and dusts, o r  in a l iquid form, water soluble and 
emulsifiable preparations. Application techniques and equipment are practically the sW 
as fo r  larvicides and pesticides in general. 

Numerous chemicals, o r  combination of chemicals, are currently used f o r  aquatic weed 
control; t he i r  selectian depends rm many factors, environmental and climatic coaditions, 
water quality, e f fec t  on crops of economic value, toxicity t o  man, animals ard fish, 
persistance i n  water and soi l ,  cost, etc. Of a l l  the herbicides, copper su l fa te  is the  
l e a s t  toxic t o  man. Organic he~blc ides  in general are l e s s  toxic t o  manrmals. The 
chemicals and method of application have t o  be carefully selected so  t h a t  consequent 
environmental changes do not produce adverse effects.  A combined a p p ~ a c h  t o  aquatic 
weed and motor  control may be beneficial t o  both. 

Planning in Different Phases of ProJect Develorrment 

The working programre fo r  the sessions of the Seminar i n  Alexandria ass-& two and a 
half days t o  t h i s  item of the agenda. Added t o  t h i s ,  morning a d  evening seS8iOnS i n l i h r b -  

and W a d i  mi were manged t o  allow f u l l  discussion of the subJect. They actively 
collaborated in the preparation of a check list of maJor s teps  for the prevention and 
control of vector-borne diseases a t  each phase of water resources developoent projects, 
which sumnarizes the items discussed (See Annex p0) .  

7.1.1 It was recognized that during the planning phase the health contribution t o  project 
planning should be directed along three main l ines  of action: 

(a) Compilation and study of a l l  exis t ing information on health and other subjects t h a t  
may have effects  on health. 

(b) Under takb  of investigations and surveys t o  supplement the available Information, 
bring it up t o  dote or extend it t o  greater detai l .  

(c) Analysis of the above information fo r  ident i f icat ion and assessment of present health 
problems and prediction of possible future repercussions, f e a s ib i l i t y  studies, cost/ 
effective analyses and other means fo r  establishing the foundation f o r  sound decision- 
making. 
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7.1.2 Durlng the de s im  phase the heelth component of the project should receive the followiw 
considerations:- 

(a) Establishment of c r i t e r i a  t o  rninimlze health hazards whlch should guide the deslgn of 
reservoirs, i r r iga t ion  schemes, communities, etc. 

(b) Advice t o  designers in the incorporation of these c r i t e r i a  m the design of structures 
and other works, and i n  the plannlng and design of operations. 

(c) Supervision and assessment of the designers ' work and. i f  necessary revision of f ina l  
designs and plans. 

7.1-3 During the construction phase the following steps w i l l  be followed fo r  the health safe- 
yards i n  the pro Ject:- 

(a) Protection against disease and medical care of the construction labour force. 
Elimination and control of local vectors and endemic disease. 

(b) Advice on adequate housing, sanitation f a c i l i t i e s  and services, etc.  

(c) Inspection t o  ensure tha t  construction 1s executed ir. compliance with approved designs 
and tha t  a l l  recommended features are actually carrled out. 

(d) Organization of progamrnes fo r  health education and community participation. 

From the  beginning of the operation phase, the health organization, e i ther  under the frame- 
work of the  project or direct ly  admmistered by the government health authority, should be 
ready t o  undertake such ac t iv i t i es  as:- 

(a) Executive: Surveillance, screening and treatment of infected persons, 
operation of disease control progrannnes; 
health training of i r r iga t ion  and ag r i cd tu ra l  personnel; 
public health education and development of community participation. 

(b) Advisory: I r r igat ion techruques, Including water level management;programming of the 
investigation and maintenance work so as  t o  be most beneficial t o  
mosquito, snail ,  f l y  and aquatic weed control; agricultural technlques 
and practices t ha t  hinder disease transmission, general sanitation, 
housing, etc.  

(c) Supervisory: Prevention and control measures carried out under the responsibility 
of the project manager and s t a f f  inspection of works and ac t iv l t l es  t o  
identify and correct possible health hazards, 

execution of recommended measures fo r  disease control. 

(d) Assessment: Evaluation of vector and relevant dlsease changes, 
promess of disease control programmes accordlng t o  type: hunan t rea t -  

ment, vector control, sanitation, etc. 
efflcacy of vector control programmes accordlng t o  kind: environmental 

management, chemical, biological cost/effectlveness analysis, etc. 



7.2 General F r i n c i ~ l e s  

The Seminar reviewed planning principles applicable t o  programmes fo r  the prevention 
and control of vector-borne diseases within the context of the health and administration and 
as an important part  of the health component of water resources d e v e l o ~ n t  projects. 

The examination of planning principles led t o  the more detailed discussion of those 
tha t  were considered t o  be fundamental and of general application. These included:- 

(a) Comprehensive approach 

Within the health context, it was noted that  although special  progrannnes are launched 
against a specific disease or  group of diseases and certain control methods are intensified, 
other diseases relevant in the project area are usually ignored or other methods of control 
are neglected. Comprehensive approach involves well-balanced programmes planned in an 
order of p r io r i ty  and careful selection of a combination of methods selected on the  basis 
of t he i r  efficacy, feas ib i l i ty  of application, cost, adaptation t o  local  conditions, etc. 
It was noted t ha t  control measures that can be directed against c dls iase  oC a vector could 
be effective against a whole range of vectors and diseases. %a approsah thus tskss 
i c t o  consideration a l l  these factors  as well as socio-economic conditions and cul tural  
pattercs and plans and operations tha t  best meet the local conditions and needs. 

Withln the wide scope of water resources development, where many different  and poss ibu  
conflicting interests  are involved, a comprehensive approach is the only means that w i l l  
prevent emors which the past has shown t o  be of d i f f i cu l t  and costly correction. This 
approach offers an opportunity t o  take into account the opinion and recornendations of special- 
ists i n  meat ly  diversified f ie lds ,  such a s  ecology, environment, agriculture, irr igation, 
natural  resources, industry, health, welfare, connnunications, economy, etc.  and planners, 
designers, constructors ard operators are in a posltion t o  carry out t he i r  tasks witn the 
m m i m  r i sk  of producing conditions with adverse effects.  

Although the comprehensive approach is essent ia l  a t  a l l  the  phases of project develoment, 
a t  the planning and design phases it acquires its m a x w  importance. It is a t  this time 
tha t  the health specialist ,  a f te r  a thorough study of the area, should advise planners and 
des imers  on all the necessary measures and features tha t  must be incorporated in the final 
plans and designs so t ha t  health i s  safeguarded and even enhanced. 

(b) Coordination 

Although a t  the preparatory stage an ef for t  must be made t o  assign as many speclal is ts  
as possible m various f i e ld s  f o r  the planning and design of a water resources developnent 
project, it i s  unreal is t ic  t o  expect t o  receive alds f z r  beyond those f i e ld s  direct ly  
connected with the project objectives. It is  therefore necessary for  the project t o  rely 
on the assistance of other national and international agencies, which normally have the 
requlred knowledge and experlence. 

The seminar agreed tha t  effective coordination requires establishment of coordinating 
boards and committees a t  various administrative levels and within the framework of the project. 
A s  proper coordination depends on consultation, discussion and possible decision t o  modify 
plans or programmes, m e e t w s  of boards and committees should be regular and as frequent as 
necessary. Special meetings may be called fo r  dealing with urgent or emergency matters. 

Coordination i s  not a matter that  can be improvised. It demands careful planning, 
formal constitution, clear definitions of functions, delineation of duties and commitments. 
Members of coordination boards and committees should be chosen among highly qualified 
personnel. They should a lso be active, responsible and enthusiastic. 

Policies, principles and agreements fo r  coordination are normally worked out a t  minister- 
i a l  level. They are channelled down through regional and local  levels  t o  project and f i e l d  
o f f ic ia l s  for  implementation. Fran the project and f i e l d  level  the necessary informatmn is 
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channelled upwards so that coordination agreements reflect local condition6 and needs. 

Through coordination certain definite purposes are fulfilled:- 

(a) General understandlw of the aims, needs and limitations of each individual f ield of 
activity and of their  interrelations. 

(b) Clear differentiation of functions, duties and responsibilities. 

(c) Development of collaboration and mutual support. 

(d) Prevention of Interference or duplication of efforts. 

(e) Agreement between conflicting parties, their opinions, interests, etc. 

( f )  Decision-maklng and choice of alternatives whlch are most convenient t o  a l l  parties. 

Evaluation 

The Seminar reviewed certain of the reconnnended techniques for evaluation and stressed 
the Importance of undertaking a l l  the studies ard survcJs a t  the early stages of the project 
that are necessarJr t o  obtain the most complete ani defined picture of the situation. This 
knowledge is not only essential for  sound planning but also for establishing base line data 
on which a l l  Further changes can be canpared. 

The purpose of evaluation should not be limited t o  assessing the changes and detennlning 
whether they represent success or failure in the progress towards the achievement of 
objectives in accordance w i t h  the established plans and ~~~s. Evaluation should go 
further t o  investigating the causes of success or failure in reaching targets so that 
action can be introduced either t o  intensify or t o  correct and improve the control strategy. 

A s  the success or failure of a specific programme may not exclusively be attributed to 
i t s  components but may happen t o  be tbe result of changes produced by other progranmres in the 
project area, evaluation of a l l  these progranmes should be made concurrently ard correlations 
between their  effects should be established. 

The following factors were considered prominent for evaluation of control measures: 
degree of performance - the actual against the expected or desirable results; degree of 
efficiency - cost against benefits obtalned (inaludiry laag-term and side effects; deaee  
of applicability - simplicity or difficulty; degree of safety - ~ o c u o u s  or dangerous to 
use and handling, t o  man and the environmert; degree of suitability - adaptable t o  local 
conditions and acceptable t o  the population). 

Lenislation 

The Seminar considered that legislation should be looked a t  mare as a guide and a tool 
that helps In performing a task than as an imposition far action. Legislation plays an 
important role In defining functions, assigning responsibilities and establishing procedures. 
In th is  way, legislation can avoid interference or conflict between two or more agencies 
operating in the same area, towards corneon goals, but w i t h  different interests and points of 
view; it should be extended t o  rule the constitution of coordinating bodies so that the 
individual interests of a l l  agencies concerned are taken into account, streamlines and 
reyla ted  for making correct decisions. 

A review of laws and regulations applicable to vector control in water resources 
development projects shows how scanty and inadequate these laws are in certain developing 
countries. This situation was confirmed by the answrs received from seven countries of 
the Eastern Mediterranean Region invited t o  answer two preliminary questions on legislation. 



To the first question: Is there existing legis la t ion which delegates responsibil i ty t o  
the Ministry of Health fo r  preventing and controlling vectors of public health importance i n  
water resources developnent proJects? O n l y  one country vlswered in the affirmative; four 
answered in the negative and two did not answer. 

To the second question: Has the Ministry of Health authority t o  develop and establ ish 
regulations fo r  preventing and controlling vectors of public health importance in water 
resources developnent projects? Two countries replied affirmatively, three negatively and 
two did not reply. (See Annex 6) .  

The need fo r  proper legis la t ion t o  stimulate and support programmes of prevention and 
control of vector-borne diseases is evident. Unless the health administration is invested 
with appropriate authority it cannot carr~r  out e f f ic ien t ly  its dut ies  aod responsibil i t ies.  

Training 

Comprehensive and coordinated planning requires suff ic ient  knowledge of the aims, me-, 
needs, scope, etc. of the various ac t i v i t i e s  interre la ted w i t h  water resources development 
so that  every special is t  concerned has an understanding of the principles, methods, Wac- 
t i c e s  and l imitatians of the work carried out by the other specialists.  Ideally, planners, 
designers and operators should know enough about the impacts that their work may produce i n  
f i e ld s  other than the i r  speciality, such as  ecology, environment, afp.iculture, irr igation, 
health, social  behaviour, econorqy, etc. so t ha t  they recognize the need t o  summon the  
assistance of the specialist .  As the sane t fme each spec ia l i s t  should know about the work 
of his colleagues within the same f i e l d  so t h a t  he takes in to  consideratian t h e i r  in te res t s  
or consults t h e m  in matters of colrrmon interest .  

The participants discussed various ways for imparting such knowledge through short 
training courses a t  educational Lnstitutions, o r  pract ical  in-service t ra ining in the field. 
The present Seminar w a s  considered t o  be a very effective means t o  gather diverse spec ia l i s t s  
and learn from the knowledge and experience f o r  the mutual benefit of a l l .  

The Seminar acknowledged also the great need of educating the public s o  that they become 
aware of problems and possible solutions aod thus stimulate their interest and encourage 
t he i r  participation. 

Information watems and reporting 

Regardless of the r e su l t s  obtained from a pogramme infamation on projects can alnaps 
be valuable t o  others. The reporting of a success or a f a i l u r e  could serve as a model and 
is equally helpful t o  progress. 

The Seminar noted that information should be based on facts,  whenever possible 
accurately measured and objectively analysed. 

Every technique used i n  collecting data  has its inherent e r rors  and -ins of tolerance; 
as long as  these techniques remain unchanged, the resu l t s  can be compared. When this change 
is desirable, the new techniques should be used f o r  a trial period t o  ensure their preference 
and precision. 

The Seminar agreed that monitoring of data for reporting requires speclf ic  planning, 
determination of subject areas and parameters f o r  each disease and situation. It was 
nevertheless possible t o  es tabl ish cer ta in  bases of general applioation t o  vector borne 
diseases. The main subject areas and their corresponding parameters are: 

(a) Human - morbidity and mortality r a t e s  - number of people under p r o ~ l a x i s  o r  treatment, 
epidemic outbreaks (no. of cases, duration, etc.). 

(b) Ecology - number and extension of breeding places, temperature, quality, flow and 



velocity of water, a i r  temperature and humidity, r a in f a l l  (floods and droughts) 
vegetation density, etc. 

(c) Vector-larval and adult mosquxto denslty, sna i l  density in relatlor.  t o  age (size) l i f e  
expectation, natural  enemles, etc. 

(d) Control - Environmental management: quantity estunates of work, area of land reclaimed, 
drainage, f i l l i ng ,  etc.  length of canals dredged, cleared, lined, etc.  water level 
f luctuation (depth, cycle) etc. 

Chemical: number of operators, amount and types of chemicals, etc. 
Biological: nwnber of agents introduced, t he i r  density, survival, etc. 

Records should be kept f o r  the chronological compllatlon of collected dzte: they should 
be complete, concise and clear. 

The analysis of data should aim a t  defining correlations betwee= the four main s ~ b j e c t  
areas (human, ecology, vector, control operatlons j and determine the= significance ( l f  
possible by s t a t i s t i c a l  methods). The correlation between the  human and ecology are-s 
indicates the need fo r  control operatlons. Thus the correlation between nzlaria 
morbidity r a t e s  and mosqulto breedine places suggests the need fo r  source reduction, 
larviciding or other control measures. On the other hand, if malaria incidence hcs a 
correlation v.ith seasonal, climatlc factors (temperature numidity, r amfa l l ,  e tc  ) IL 

indicates tne time of the  year when control measures should be most effective. 

'RIE CIASING OF THE SI!TCIXAR - PART I 

The seminar met f o r  the last tune in Alexandria on Mondzy, 26 March a t  a closirig session 
under the chairmanship of D r  A.H. Taba, Regional Director. 

Mr H.A. Rafatjah, i n  his closlng address reported tha t  the semmar had completed ~ t s  iPo-k 
a s  planned. He pralsed the participants for  t he i r  interest ,  enthusiasm uld collaboration, 
maklng special  mention of the general ragporteur and the co-secretary. He thanked. Dr T2ba 
f o r  h i s  keen support and unreserved assistance m ths  organization of t k  Semmw and thr 
s t a f f  of the Regional Office. 

D r  G.H. Yakuby, on behalf of the national participants, expressed h l t  appreciation for  
such 2 good and in teres t% Semmar. He thanked the Secretary and Co-secretary for  the i r  
dedication and all the MHO s ta f f  f o r  t he i r  efflclency in m i n g  the Semmzr. 

Mr G.E. Antippas, on behalf of the representatives of international arrd bi la te rc l  
egencles, congratulated ;IHO for  organlzlng and conducting so well semmarc OF sucn importat  
Subjects. He expressed h i s  personal satlofaction of attendln& t h l s  Semmar. 

Dr A.9. Taba closed the Seminz thanking the pc r t l c lp~? t c  and a l l  others concerned. 
He wished them Don voyage and a f r u i t f u l  and interest- contlriuatlon of t ne i r  i.ork i n  the 
Sudan. 

PART I1 - F E D  OBEXVATIONS AND P M C T I C S  

The Semin2r offered the partlclpants an opportunity fo r  vls l t ing selected areas In Lmpt 
and the  Sudan t o  observe and stu* exist- conbtions associated with prcvailmg mter -  
associated vector borne diseases, mainly rnzlaria and schistoaomlasis. 

These f l e l d  t r i p s  enabled the participants t o  become acqdamted with typical e;mplec 



of disease problems and t o  inspect tk related works, operations and maintenance practices. 
They examined procedures and methods applied t o  a wide range of control measures, whether of 
environmental management, chemlcal or biological nature. 

8. Field Trips 

(a) 27 March 1978 - The Nile Delta. Eggpt. V i s i t s  were made t o  the newly reclaimed land 
i n  Nubaria and the main c a n 9  which supplies water by a ser ies  of pumping s ta t ions  from 
the Nile a t  a r a t e  of 160 m /sec. i r r igat ing 300 000 feddans* of furmerly desert  land. 
The l in ing of the main canal was deteriorating; it contained snails and there w a s  
indication of human contact with the water as s t a i r s  were provided in the canal lining. 

A v i s i t  was also made t o  a subsurface t i l e  drainage project in El-Khairy d i s t r i c t  
Damanhour province, where thc w u n d  water level  is being lowered by a network of 
concrete pipe drains mechanically installed. The drainage w i l l  improve crop yields 
anc reduce breeding of snai ls  and mosquitos. 

(b) 29 March 1978 - Khartoum and the Gezlra l r r igated area, Sudan. The Seminar resumed 
its sessions a t  Hasseib H a l l  of the University of Khartoum. The morning session was 
opened by H i s  Excellency the Minister of ~ e a i t h  Dr Sayed Khalid Hassan ~bbas .  
Engineer Kamal Mohammed kbdou, Deputy Director of Irrigation, reviewed the responsi- 
b i l i t y  of the Ministry of I r r igat ion and Hydroelectric Power i n  supplying water t o  
a l l  i r r igat ion schemes i n  the Sudan, including the Cezira and Managil schemes, the 
Sennar Sugar ProJect, the new Rahad System and several others, with a t o t a l  area of 5 
million feddans. He discussed the characterist ics of t he  canals and drains and their 
rela t ion t o  vector-borne diseases. The canals are unlined and the  tight, clay s o i l  
minimizes seepage problems. Weeds are cleaned manually and silt is  removed with 
mechanical drag-lines. Originally only 5C$ of the land i n  the Gezira system was 
under cult ivatian but now the extensionhasrlsen t o  75% and soon w i l l  approach lo@$. 
This has increased agricultural  productivity, created problems of flooded land, and 
increased seepage around structures. The main crops are dura, peanuts, sugar, r ice,  
wheat and cotton, which is the crop of main economic value. 

D r  Mutamed Amin, Director d the Gezira Schistosomiasis project, described the 
problem of schistosomiasis which has become 2 maJor public health concern in the Gezira, 
being fourth m pr ior i ty  for  the present Natlonal Health programme. Recent surveys 
lndlcate tha t  60;: - 70$ of the people i n  the Gezira scheme are Infected w i t h  S. mansoni 
and about 1% with S. haematobium. Since 1970 the Gezira Schistosomiasis Project has 
tested frescon and bayluscide and t he l r  present choice is bayluscide, assisted with 
chemotherapy. 

D r  Zuhelr A l i  Nur, Assistant Under-Secretary in the Ministry of Health, gave a 
general review of bilharzlesis problems throughout the country. 

D r  A.H. Abu Yosif, Director of Onchocerciasis Control revlewed the onchocerciasis 
problem in the Sudan. About 1 t o  2 million people are infected, primarily in the 
southern provmces. About 44$ of the population of Bahr-El-Ghazal Province are 
affected, of t h i s  group 18 are econmlcdlly blind. Limited chemotherapy was s tar ted 
i n  1961 and new water resources devclopment schemes are being surveyed for  the presence 
of the blackfly. 

D r  Khalil S h e r ~ f  outlined brlefly thc general epidemiological survpys now being 
conducted in new ag i cu l t u r a l  projects. he referred m particuizr t o  studies a t  the 
net. Rdhad Scheme fo r  ldentifymg mejor public health problems vlhich m i a t  r e su l t  and 
for  assessing the i r  qutl l t i tat ivt  si&niflcar,ce. He pointed out that  there was m- 
sdff ic ient  s ta f f  t o  keep up w ~ t h  the 1 s ~ e  slumbers of new projects. 
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D r  A.A. E l  Caddal, the  Director General f o r  International Health Affairs and 
Malaria and the Chairman of the Seminar Preparation Committee reviewed the  malaria 
si tuation. A large control programme was organized i n  1970 following serious malaria 
epidemics which affected the cotton harvests of 1969 and 1970. Residual house spray- 
ing with malathmn is now being used as well as  larviciding w i t h  Abate during the 
dry season. Gambusia f i s h  are used t o  control larvae and chemotherapeutic drugs 
are widely distributed. The s i tuat ion was under control by lm with a parasite r a t e  
of 0.1% based on the exmination of a15 people in 27 monitored villages. 

In  Khartoum and surrounding urban areas there are considerable mosquito problems 
due t o  standing wastewater. These include Culicine and Anopheline mosquitos. 
Lamriciding is being used u n t i l  a new s e w  system can be insta l led t o  eliminate the 
wastewater. 

9 March 1978 - A v i s i t  was made t o  the Khartoum Sewage treatment. plant which t r ea t s  
6.5 million gallons per day through conventional secondary treatment processes using 
t r i ck l ing  f i l t e r s .  The dried sludge is sold t o  farmers and the treated effluent is 
discharged into  canals which i r r i ga t e  a forest  known as the Green Belt surrounding 
the city. 

The Green Belt receives too much water and is a source of mosquito production, 
which is sprayed with fenthion and abate as larvicides. Plans are under discussion 
t o  provide bet ter  hater management t o  eliminate breeding areas. 

Larviciding operations were then observed in the Khartoum area where 160 men are 
engaged in a programme costing S.P. 190,000 per year. Residual spraying with malathion 
is also conducted once a year in the houses on the fringe of t t m  urban area. A 
discussion on the observation there took place a t  t b o f f i c e  of the Provincial Health 
Commissioner fo r  Khartoum. 

1 A ~ r i l  1978 - The Seminar moved t o  Wadi  Medani, v i s i t ing  the Bllharzia Research 
Station a t  Abu U s h a r  and the Provincial Health Headquarters a t  Wadi Medani. A t  Abu 
U s h a r  the mollusciciding project covers 400,000 feddans, it is fed in to  the main canal 
flowing a t  the velocity of lm/sec. It delivers 500,000 m3/day a t  minimum discharge 
and 2,000 m3/day a t  maximum discharge. 

The area is endemic with both types of schistosomiasis although S. mansoni is 
higher than S. haematobium. Malaria is also present but a t  low endemicity level. 

Frescon was introduced in 1970 and is applied a t  0.06 ppm on a sector of 
110,000 acres but it must be applied fo r  a t  l e a s t  ten days. Other molluscicides have 
been experimented with, copper sulphate is used f o r  focal control and bayluscide has 
been accepted as the molluscicide of future choice, but frescon w i l l  be used un t i l  the 
stock is exhausted. 

'Ihe comparative prices of the molluscicides were given as SP400/metric ton f o r  
copper sulphate, ~P8/Imp. gel1 fo r  frescon and SP250p. g a l l  for bayluscide. 

Aerial spraying has been t r i ed  for  mollusciciding and has proved t o  be effective 
and cheaper. Molluscicides are applied 4 times a year in A p r i l ,  June, September and 
December. 

Evaluation is done by checking the percentage of survival of caged l ive  snai ls  a t  
l e a s t  12 hours a f t e r  application. 

Clearing weeds of the  main, branch and smaller canals is carried out by the 
Ministry of Irrigation, while the Abu Ashreen and Abu S i t a  i r r iga t ion  canals and 
drains is the responsibil i ty of the tenants under the supervision of the Ministry of 
Agriculture. Clearing weeds does not seem t o  be progressing well. 
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Briefing a t  the  Provincial Health Headquarters a t  Wadi Medani by the Assistant Commissioner 
of Health, D r  Ahmed and h i s  s taff .  v 

Organisation of the Health Services 

The primary health uni t  is  the Dressing Station a t  vil lage level; a dispensary serves 
a group of villages; a Health Centre supervises a group of dispensaries; there  is a D i s t -  
r i c t  Hospital f o r  each d i s t r i c t  and, a t  the top, a Provincial Referal Hospital a t  Wadi 
Medani. Each hospital  has a health inspector who conducts preventive health act ivi t ies .  
Malaria and schistosaniasis control ac t iv i t i es  are coordinated by the Provincial Medical 
Officer. 

Organization f o r  CoPnmrnicable Diseases Control 

A pwsician assisted by a public health off icer  is  in charge of the m a l a r i a  control 
programme, 164 spraymen are employed throughout the year, even during non-spraying periods. 
Spraying is done in two rounds the f 9 s t  in June-July and the  second in October4Vovember. 
Malathion is used a t  a dosage of 2g/m . In the  summer f r o m  April t o  June larviciding is 
done with Abate E.C. Parasite ra tes  have decreased from 19.7% in 1975 t o  0 .G  in August 
1977. Plasmodium falcipamun accounts f o r  98$ of the positive cases. m e  rest is made up 
of P. malariae and P. vivax. Anopheles ~;ambiae is the main vector, and the cost of 
larviciding is SP 50,00O/year fo r  the chemical and SP 200,00O/yenr fo r  labour. 

Entomologloal evaluation of the control measures is done by the entomological teams at  
the Malaria Headquarters. In order t o  improve case-finding a t  night laboratory technicians 
have been assigned in hospitals with the cooperation of private doctors. Measures have 
been in i t i a ted  t o  prevent introduction of communicable diseases by imported labour. 

3 A ~ r i l  1978 - Field t r i p  t o  Sennar Sugar Estate. ?he participants were received by Mr 
Sayed Mufti, Ag~icul tural  Manager of the  Gezira hard a t  the headquarters of the Sennar 
Sugar Estate. He explained t ha t  the Government provides the land and looks a f t e r  i ts  
Irrigation, while the tenants are responsible f o r  the production of crops, and the Sudan 
Gezira Board, the overall coordinator and manager, attends t o  financing and purchase 
of the crops. The Board supplies the necessaty f e r t i l i z e r s  and plant preservers and its 
experts se lec t  the proper cultures, the hard maintains the in ternal  light railway, the 
clear- and processing insta l la t ions  and performs the dut ies  of agr icul tural  planning. 
The Board consists of eight board members, two of whom are representatives of the Ministry 
of Heal th  

Safe use of insecticides and pesticides i n  fanning areas has been greatly improved by 
careful study and f i e l d  t r i a l s  in accordance with the WHO standards and recomwndations. 

The Agricultural Council informs the public about spraying operations so  t h a t  they 
understand its purpose and the need fo r  the i r  cooperation. 

New pesticides have been under f i e l d  t r i a l  by the  Experimental Unit f o r  comparison of 
effectiveness, safety and cost. 

Experimental cult ivation of various kinds of r i c e  seeds imported from China has been 
undertaken f r o m  June t o  November which coincides with the r a i n  season. Some s t r a in s  require 
i r r iga t ion  once every 10 days and water remains in the f i e ld  only f o r  one or  two dwe. 
The r i c e  f i e l d  requires periodical drying fo r  applying f e r t i l i z e r ,  weed control and improved 
yields. Introduction of dry-paddy cultivation is also under experiment. ?his would 
prevent mosquito breeding. 

Rodent control. Two campaigns i n  1975 in January and June were coaducted in order t o  
reduce the  rodent population which rose t o  captured rats/sq lan. Zinc phosphate has 
been used f o r  controlling rats and w a s  found sat isfactory without causing danger t o  the  
commmity. 
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After the v i s i t  t o  the Sugar Estate, the Sennax Reservoir and Dam were inspected, and 
the Malaria Training Centre w a s  visited. The reservoir is  malntalned a t  a constant hlgh 
level  i n  order t o  get the max~mum production of hydroelectric power and the newer Roseires 
Dam upstream is used fo r  storage. Films on the Managil i r r igat ion scheme and on reservoir 
management fo r  malaria control were shown in the evening and t b s  was followed by a 
discussion session. 

4 A p r i l  1978 - A tour of the Wadi Medani Provincial H o s ~ i t a l  on Tuesday morning began with 
the observation of four severe cases of S. mansoni infection, one of them was a 17 year old 
male who was recently in a coma due t o  hematemesis. More than half of the admissions t o  
the general medical ward are schistosomiasis patients and about % die  in the hospital  
because of gastro-intestinal haemorrhage or neurological coma. The physicians use 
chemotherapy sparingly because of the weakness of the infected persons and fuadin has been 
the drug of choice. The number of admissions fo r  schistosomiasis was 559 m 197'7, twice 
the number admitted in 1976. Apparently the severity of the cases is also increasing and 
even 5 and 6 year-old children are being admitted now with severe infections. The 850 
bed hospital  serves the  2 million people of Gezira Province with about 1/2 million out- 
patient v i s i t s  per year. 

A brief inspection was made of the research pond containing the  White Amur f i s h  which 
has been found t o  be extremely effective in controlling weeds m minor canals. Although 
f i s h  grow well under local  conditions, they have not yet been released for  possible adverse 
ecological consequences. 

The afternoon was spent a t  the new Rahad I r r i ~ a t i o n  scheme which opened in 1977 and 
brings 300,000 feddans under irrigation. About 100,000 people w i l l  he se t t l ed  lethe area 
and preliminary work has been done t o  prevent introduction of sna i l  and mosquito populations 
and transmission of malaria and bilhzrziasis. For the  present, no transmission of these 
diseases takes place. l a r t i c i pu l t s  dlscussed measures as t o  how t o  continue the success 
of t h i s  preventive programme. 

5 April 1978 - Recommendations were discussed and approved by t h e  participants. They are 
ittached a t  the end of the report. The checklist of major steps for  prevention ma control 
of vector borne diseases in each phase of water resources development projects, joint 
e f for t  of a l l  the participants, was completed, renewed and approvsd (See Annex 10). 

\mile  thc  Seminar held its sesslors in blab Medanl and toured the Gezlra i r r lgdtec u e a ,  
t he  village of El  Karaiba and ~ t s  swrouriing area was assigned fo r  carrying out r case 
st* on n d a r i a  and schistosomlasis. Tne Case Study presented the participant- m t h  an 
actual s i tua t ion  and gave them the oppor t~nl ty  fo r  the prnctlcal aopllcation of tne 
principles, methods, means, practices, etc. revltwed and discussed during the Semlnar. 

The participants were dlvided m t o  4 groups, the i r  members were selected so tha t  ',he 
dif ferent  dlsclplines rrere represented in each poup. Baslc data, maps end o t h e ~  ;r.for- 
mstion 1.6s provided beforehand as  oacxg.ound t o  a s s i s t  them i n  a2praising condltionr. (See 
Annex 11). 

On 2 April the groups spent the d2.y vvlslting, observm, a n d  investlgatmt; healtn 
problems a d  physical factors, existing f a e l l l t i c s  and services, e tc  m order t o  assess t i e  
si tuation. During the followin& e v e n w r  each poup  met to  study arid formulate a p ropos~i  
plan and p r o p m e  for  the preveqtion and control of nalarla and scnlstosomiasls. A t  the 
l a s t  sesslon of the ;emmar, 5 Aprll 1978 tne poupa ?resented t he l r  propixals; each 
proposal was r e v l e ~ ~ e d  cnd dlscussed. 



THE C r n I N G  OF TtIE SEMINAR - PART I1 

1.r H.A. Rafatjah in h i s  closing address thanked the Government of the Sudan fo r  the i r  
hospitali ty and the Sudanese of f ic ia l s  especially Dr Gaddal, Chainan of the Semlnar 
Preparation Comnittee who contributed so much t o  the success of this pert  of the S e m b r .  
He expressed h i s  appreciation and thanks t o  a l l  participants f o r  t he i r  in te res t  and active 
collaboration. 

D r  O.M. Zlmaity, on behalf of the participants replied thanking kHO fo r  
organizing and conducting a very educational and interesting Seminar. 



R E C O M M E N D A T I O N S  

A s  a resu l t  of the deliberations and discussions which took place during the seminar, 
the participants put for th  the following recouunendatiow: 

1. WHO, as  a follow-up of t h i s  Seminar, and in callaboration w i t h  other agencies, i n i t i a t e  
action programmes t o  a s s i s t  governments in preventing and controlling vector-borne diseases 
in water resources development projects. A s  an i n i t i a l  s tep  it is proposed t ha t  a few 
water development projects should be selected where the methodologies reviewed during the 
seminar, especially those of environmental management and biological natures, could be 
locally examined, f i e l d  tested fo r  cost/effectiveness, and introduced on a comprehensive 
basis in to  design, corrjtruction operation and maintenance of these projects. 

2. A guiding principle in t h i s  action p-ogrsnrme sha l l  be tha t  man is not created as a 
servant t o  water and crops, but rather tha t  water and crops must serve m a n ,  and therefore 
the r i gh t  of farming families t o  an adeqzlate, safe and convenient supply of water f o r  
domestic and recreational uses must be given first pr ior i ty  in the developaent of water 
resources. 

3. Studies of socio-economic impact of health projects should be continued, w i t h  the 
objective of showing the l inks between water resources development, improved health, and 
socio-economlc improvement. Where feasible, models for planning purposes should be 
developed t o  quantify these effects. 

4. Because large water resources projects usually cause massive changes in tradit ional,  
rural societies,  a l l  proposed health measures which affect  housing or personal and community 
behaviour should be developed with close participation of the peoples t o  be involved, 
including extensive explanation and promotian of the  measures f i na l l y  agreed upon by the 
comrmnities. Public education and par t ic ipa t im should be plarmed and promoted with the 
use of various m a s s  media and public hearings. 

5. A s  par t  of an already organized cooperative system between FAO, WHO and other in ter-  
national agencies, national coordinating c d t t e e s  (focal points) should be established 
t o  coordinate health, agricultural  and other aspects of water resource developnents within 
the national agencies concerned and w i t h  the International agencies as well. 

6. Both the sho r t - t en  and long-term environmental impact of water proJects should be fu l ly  
considered and studied during the  planning phase, and necessary actions should be taken fo r  
reasonable protection of the  environment. 

7. Governments, if necessary w i t h  the collaboration of international agencies, should 
review the legis la t ion available f o r  regulating the developnent and use of water resources 
and t he i r  health and environmental implications, and introduce any additional complementary 
legal  support required. 

8. A s  a sound and orderly developnent of water resources depends largely on the ava i lab i l i ty  
of staff vrell acquainted with the various health and environmental implications and w i t h  the 
methodology and techniques fo r  designing and implementing the necessary safeguards, 
governments with collaboration of the international and b i la te ra l  agencies sha l l  organize:- 

(a) Orientation courses f o r  those involved in planning, design, construction, operation 
znd maintenance of water projects, dealing with the water associated diseases, 
t he i r  impacts, and t he i r  prevention and control; 

(b) Short seminars and conferences. f o r  decision-makers and project managers t o  assist 



them with an understanding of the causes of the diseases, their  public health and 
socio-economic importance and their  prevention and control; 

(c) Training courses for  the health personnel, sanitary engineers, biologists and 
other professionals involved i n  prevention and control of water associated 
diseases; 

(d) Further vector-kame, water-associated diseases and their prevention uld control 
may be included in the regular curricula of courses in  irrigation and construc- 
t ion engineering. 

9. Manuals and guidelines suitable fo r  training and reference should be developed fo r  the 
use of the staff  of water resources projects. A l s o  educational material including audio- 
visual aids should be developed and demonstrated in country projects and educational 
institutions. 

10. Field research should be conducted on methods and techniques for p v e n t i o n  and control 
of water-associated diseases and that the results  be promptly evaluated for  application i n  
projects and for  publication in scientif ic  Journals. 

11. Other seminars on prevention and control of vector-borne, water-associated diseases in 
water resources development projects should be organized, preferably in areas where such 
diseases are widespread and have caused serious adverse effects on local populations. 'Ihe 
collaboration of WHO and other international and bi lateral  agencies is much desired and 
should be encouraged. 
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A G E N D A  

The purpose and objectives of the Seminar 

Water-associated vector-borne diseases 

2.1 WJor water-associated vector-born diseases 
2.1.1 m a r i a  
2.1.2 Schistosomiasis 
2.1 .J Ot-rs : Filariasis, Gnchocerciasis, Dengue haemorrhagic 

fever, Guinea Worm, etc. 

Socio-economic aspects of water associated diseases 

Health aspects of water resources development projects 

General review of experience of the health impact of water resources development 
projects 

5.1 Worldwide 

5.2 Regional - EMR, $OR, AFR, SEAR 

5.3 Participating countries 

Ehvironmental considerations in the development of water resources 

Planning for the prevention and control of water-associated diseases in water 
resources development projects 

7.1 Prevention and contml measures in water resources development projects 
7.1.1 During the planning phase 
7.1.2 During the design phase 
7.1.3 During construction phase 
7.1.4 Daring the maintenance and operation phase 

7.2 General principles 

Field observations and practices 

Case study 



Annotated Agelada 

1. The purpose and objectives of the Semlnar 

This Seminar is convened wlth the  purpose of examining tb present situation, with 
i ts  problems and possible solutions, t h a t  have resulted from: 

a) the  increasing number of projects planned and executed f o r  water resources 
development 

b) th drast ic  adverse effects  on health that have oeen ooserved In some of these 
projects, a d  the d i f f i cu l t i e s  faced i n  th? correction of such effects  

c)  the need fo r  forecasting the health mplications of projects being planned or 
prepared and fo r  giving early a t tent ion t o  t he i r  prevention 

d)  the need f o r  stressing tb importance of disease prevention and control 
measures in existing projects. 

The principal objective of the Seminar is to  c a l l  the  a t tent ion of planners, designers, 
engineers, etc. to  the health mplications of their work and fo r  the incorporation of features 
and procedures for preventing disease transmission from the i n i t i a l  stages-smejrs. planning, 
design and throughout the periods of construction and operation. 

7% Seminar w l l l  give basic information of the most ~mportant vectorrborme diseases 
associated with water, t he i r  influence on soclo-economlc developnent and on the achevement 
of the objectives of w a t e r  resources development projects. 

It w l l l  present the available measures (environmental, management, chemical, biological) 
fo r  t he  prevention and control of th most comon disease vectors (mosquitos, snails,  f l i e s ) ,  
and the i r  application t o  the vamous components of water resources development projects 
(reservoirs, I r r igat ion schemes, communities) . 

It w i l l  offer  the opportunity f o r  discussing the w a ~ r  these mevention and control 
measures could be incorporated into the plannlng of water resources development projects and 
t h e  means required fo r  their effective implementation a t  the various phases of execution 
of the project (planning, design, construction, operation). It w i l l  discuss a lso the 
general principles applicable t o  establishing wor~ing relations between agencies involved. 

2. Water-associated vector-borne diseases 

The importance of water-associated vector-borne diseases i n  general types of disease; 
t h e i r  causative agents; thexr c lass i f icat ion according t o  the type of vector lnvolved 
(mosquito-borne, fly-borne, sna i l  as intermedlate host) ; t h e n  prevention and control w i l l  
be discussed under t h i s  item. Also the importance given by the natlonal health administration 
t o  prevention and control measures a s  compared t o  other health ac t i v i t i e s  - the geographic 
distribution of major water-associated vector-borne diseases w i l l  be reviewed. 

Major water-associated vector-borne diseases: 

2.1 Malarla : Epidernlology, including geographic 
2.2 Schistosomiasis : distribution and vector ecology 
2.3 Others - Filar las is ,  Onchocerclasis : Prevention and control, includuy human 

Dengue haemorrhagic fever, : prophylaxis and treatment, past and 
Guinea worm, etc.  : present s ta tus  of the disease 

*) fo r  the purpose of t h l s  Seminar the snai l  intermedlate host of schstosomiasis is 
referred t o  a s  a disease vector 
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A renew of past experience and the present s tatus of control measures: tkir 
relative efficiency (past successes and failures); the restr ict ions imposed on their 
application (financial, skilled workers, effective supervision, inadequate knowledge, 
environmental implications, etc . ) . 
3. Socio-economic aspects o f  water-associated diseases 

Ihe dffficullq of evaluating socio-econdc impacts - lack of suitable parameters 
amenable t o  simple quantification ard comparison, the problem of isolating one single 
factor, (health), from many other factors involved. Poor results  obtained f r o m  assessment 
studies carried out un t i l  present (examples). 

Assessment of socio-economic factors as one of the r e q u i m m t s  for determining 
feasibi l i ty for  planning and organizing vectar-borne disease control p r o m s .  

The impact of soclo-economic developneut o n t k  health improvement and wellbeing of 
the people. 

The health problems of countries socio-economically developed. Ihe change i n  the types 
of disease and i n  the  pattern of health services. 

4. Health aspects of water resources developaent projects 

The role of water and its influeme on t t m  health of the users and beneficiaries of 
water resources development projects 

1. Water a s  the murce and vehicle of disease: pathogenic organisms, parasites, etc. 
2. Water as the habitat of disease vectors: mosquitos and other arthropods, molluscs, etc. 
3. Water as a m-made health hazard - pollution caused by the discharge of wastes and 

run-offs into water: chemical md biological. 
4. Water as a means for promoting personal and oonnnmity bgiene. 

5.  General revim of experience of the health impacts of water resources dcwelopaent 
pro Jects 

Review of the experience so f a r  gained with consideration of health aspects of water 
resources developnerrt projects. Coordination among international bi lateral  and government 
agencies. 

Reference t o  cases where water resources developlant had favourable or adverse effects 
on the health of the population. 

5.1 Worldwide - wesentation by WHD M;1 

5.2 Re& onal - m, EUR, AFR, SEAR - presentation by WH) RAS/CD 

5.3 Country - opportunity for  a p a r t i c i p t  of each country represented t o  speak about 
actual experience - problems met and solutions devised t o d s  their  overcoming; the 
role of the health administration i n  water r e s o m e s  development, t h s i r  participation 
in  the planning process of ths  project, their collaboration i n  the operation of the 
project, coordination of ac t iv i t ies  among agencies involved. 

6. Environmental considerations i n  tk developnant of water resources 

The impact on the environment a t  large of the changes in the ecology and pwsical 
conditions of the area affected by projects of water resources development. Reviav of 
procedures and c r i t e r i a  applied to current programmes for assessing the  environmental 
impact. Need for standards and guidelines t o  evaluate the impact. 
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7. PLsnnFng for the wevention ad ccntrol of water-associated diseases in water 
resources develommnt proJects 

7.1 Review of the existiryl biological, chemical and environmental mmgment measures 
for the prevention md oontrol of mosquito vectors, molluscs intermediate host, 
and f l y  vectors of discurses, and the application of such umasu~es t o  reservoirs. 
irrigation systems a d  lnnmn conmnuclties. 

PFesentation arrl discussion of the provisions needed for incorporating prevantion 
and control maawes into the planning of water resources development p~o jec t s  and fo r  
c m i n g  into effect suah provision. 

7.1.1 EuriDg the planning phue 

llhitial surveys (epidemiological, entomlogical, etc . ) problem identif ication, 
establishment of priorities, feasibility ahdies, selection of methods of control 
(Environmental Management, Chemical, Biologioal) against mosquitos, snails, f l ies ,  
applicable t o  reservoirs, irrigation schemes, human commmities. S.leotion of sites and 
provision t o r  sanitary ard ather health fac i l i t i e s  arxi services for the colmnmities. 

7.1.2 During the design phase 

Provision fir maintomme activities. Design features for  incorporation of selected 
control measlarrs into the design of water resources development projects in ~eserVoiP8, 
irrigation schemes, comnunities. 

Design features for environmental manrgement and manipulation, (mosquito. fly and 
snail control). 

Design features for  faci l i tat ing or increasing efficacy and effectiveness of agpl*ation 
of chemical and biological agents. 

7.1.3 M n g  t b  conatntction phase 

Superviciion ad guidance needed t o  ensure that design features fo r  vector control, 
including selection ab sites and p-ovision of sanitary a d  other health fac i l i t i e s  Md 
services a m  incorporated i n  the constmu?tion of structures. 

Frotaction of incoadng labourers and families against amlaria, schistosomiasis and 
other mva len t  diseaams. Prevention of spread of new vectors and dimmes in project a m .  

7.1.4 Dudng the operation phase 

O p e r a t i o n  Pad lllainteaance act ivi t ies  - rehabilitation and modernization of structures. 
Application of chemical rurl biological measlrres of oontrol evaluation of results. 

Iha incorporation of measures of prevention and control of water-associated vector-borne 
diseases into water resources developant projeots t o  be effective, demards the establisbmnt 
of close working relations among a l l  agencies involved in or  concermd with water resources 
developant - sgrioulture, irrigation, industry, power production, commnricationu, health, 
social welfare, etc. Such relations ahould be governed by general principles i w o l v i n g r  

Comprehm6ive rpproach t A l l  t im individurrl interests should be taken into aaoount 
in the pluming of wmka; the i r  design, construction, opef.tion, mmagmmt and mintemme. 
Health is the p r t i c u l a r  interest of this Seminar. 

The forecast of kwl th  hplicationa should be haed  on inw~t iga t ion  of oonditions pior 
t o  ths f inal  design of the works w aa t o  propose modifications or t o  seleot among varioua 
alternatives most compatible with project objectives a d  health requirements. Preliminrrg 
studiee should cwer among o t b r  things; compilation a d  analysis of available data and 
hionnation, epidemiologiaal and entomological surveys, investigation & topomphic 
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conditions to  determine the potential  r i sk  of producing habi ta ts  f o r  vectors of disease, the 
locat ion of future  human connnunities, etc. 

Coordmated e f fo r t  : A l l  i n te res t s  involved should be confronted t o  determine the 
f i e l d s  where there is t h e  possibi l i ty  of collaborating o r  sharing responsibil i ty t o  avoid 
duplication or para l le l  a c t i v i t i e s  or where there is the r i s k  of conflict  and nnrtual 
agreement must be reached on the  best overall  solution f o r  a l l  in te res t s  involved. Effective 
c o d n a t i o n  should be achieved whether this involved nstional, b i la teral ,  international 
agencies o r  any combination of these. 

Evaluation : Besides the  periodic analysis of progress, routine assessment of resu l t s  
should be incorporated into  the operation ac t i v i t i e s  so as t o  have a continuous view of the 
efficacy o r  inefficacy of the  measures applied and of the  need for  planning changes t o  
achieve be t te r  resul ts .  

Cost estimates and accounts should be precisely audited t o  determine the financial  
p rac t icab i l i ty  of the measures applied against the  r e su l t s  obtained. 

Field imrestigatlons should be initiated to delineate causes fo r  changes in endemicity 
of vector-borme diseases and t o  elucidate construction and operational factors  which affect  
vector-borne disease transmission or its prevention and contml. 

Leg~s la t ion  : Regulatory procedures and ru les  for defining the functions and 
responsibi l i t ies  of the  agencies direct ly  o r  indirectly involved i n  water resources 
developnent and the i r  inter-relationships. 

Train- : Opportunities offered by water resource development projects f o r  training 
s t a f f  a t  dif ferent  levels  of the administration and i n  the diverse disciplines imrolved 
with the purpose of advancing t he i r  knawledge and moviding them with a bet ter  understanding 
of t he  aims, scope a d  means of the work t o  be carried out by the dif ferent  agencies interested 
i n  water resources developnent ard its implications. 

Informtion systems turl repcrting : Compilation and analysis of data should be carried 
o u t  with the view of belng used as the basis f o r  preparing reports on the progress of pmject 
activities. The material of such reports can be processed t o  produce publications of more 
wider dis t r ibut ion to Interested readers. 

8. Field  observations and practices 

Field v i s i t s  to i r r iga t ion  schemes i n  Alxandria ard Sudan w i l l  provide factual 
information on exis t ing measures f o r  the prevention and control of water-associated vector- 
borne disease prevalent in these areas. Participants n11 observe the problem involved 
and the  means applied f o r  t he i r  solution. 

9. Case studies 

Participants w i l l  be divided Into groups of 5 or 6 t o  carry out a case study i n  a 
selected area. They w i l l  be provided with the area s i tuat ion analysls and w i l l  v i s l t  
the area f o r  ver i f icat ion and on the spot observation and evaluation. Each poup  w l l l  
write a report  whlch w i l l  include observation, appraisal and recommendations. Tne group 
reports M C l l  be discussed a t  the  f l na l  sesslon of the Seminar. 



Programne of Work 

: Openlng address by Dr A.H. Taba, Regional Director EMR 

: Adoption of the Agenda 

: Address oy Mr H.A. Rafatjah, Secretary of the Seminar 

: Address by J. L. Kaprio, Regional Director HIR 

: Address by Mr G.L. Pennacchio, UNDP Resident Representative, Cairo 

: Election of Chairman and Rapporteur 

P a r t  I - Deliberations and discussions, Alexandria 
Agenda Item No 1 Ihe purpose and objectives of the Seminar 

It n 2  Water-associated vector-borne diseases 
t I  

It " 2.1 Mlaria 
I t  " " 2.2 Schistosomiasis 
I t  " 2.3 Others: Filariasis, onchocerciasis, etc. 

Discussion 

Closure 

Wednesday 22 March 

Agenda Item no 3 Socio-economlc aspects of water-associated 
diseases 

11 n 11 4 Health aspects of water resources dweloplnent projects 9.15 
n 5 General review of experience of the health impact of 

water resources developnent projects 10.00 
It 

It " 5.1 Worldwide 
It 

It 5.2 Regional - EMR, EUR, AFR, SEAR 10 .30 
I t  " " 5.3 Partlcipatlng countries 12.00 

Closure 14.00 

Thursday 23  arch 

Agenda Item no 5.3 Country Representative - Paklstan 8.30 
tt tt n 6 Environmental conslderatlons in tne developnent 

of water resources 9-30 
n n tt 7 Planning for the preventl3n ard control of water- 

asso~iated vector-oorne dlseases ~n water resources 11.15 
projects 

It " 7.1 Planniw prevent,an and ccntrol measures, 12.00 
mntroduction, efivlromntal management an& 
nanipulat~on - (reservs~rs, Irrigation sci-enes, 
cowlunities - mosq~ltcs, snails, flles) . 

Closure 14. CIC 
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Time - 
Agenda Item no 7.1 Discussion of Planning for Environmental Control 

Planning mevention and control measures, 
Chemical (reservoirs, indgation schemes. 
communities - mosquito?, snails, flies). 

Planning prevention and control measures, 
Biological (reservoirs, irrigation schemes. 
conmnmities - mosquitos, snails, flies). 

n " " 7.1.1 mJor steps for pevention and control 
7.1.2 
7.1.3 
7.1.4 

Closure 

Saturday 25 March 

Agenda Item no 7.2 General principles for planning 

a) comprehensive approach 
b) coordination efforts 
c) legislation 
d) training 
e) evaluation 
f) infomation systems and reporting 

n " 7.1 Cost analysis of canal lining 
It " " 7.1 Aquatic weed management 
n " 7.1.1- Planning- prevention and control measures 

7.1.4 (conclusion) 

Closure (Part I) 14.00 

Monday 27 March 

Address by P A .H. Taba 9.00 

Address by Mx- H.A. RafatJah (Secretary) 

Address by Lh- G.H. Yacuby on behalf of the participants 

Address by Mr G.E. Antippas (UMIP) on behalf of the 
international and bilateral agencies 

Official closure of the first part of the Ssminar 9-30 
by Dr A.H. Taba 

Part I1 - Observation tours. W p t  and Sudan 

Agenda item no 8 Area in the Nile Delta, Eggpt, main irrigation 10.00 
and drainage system in western Nubaria axwa (newly 
reclaimed land) and 

Tile drainage activities in El-Khairy lkmmhour provinoe 

Departure for Khartoum 02.00 
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Tuesday 28 March Arrival Khartoum cud rest  

Ageda i t e m  no 8 Briefing fgr Dr A.A. Gaddal, Chairman of the Sudan 
prapnrstory colmittee 17.00 

Continuation of the discussion, agenda item 7.1 
( p h i n g )  

Opening address by H.E. Dr S.K. Hassan Abbas, Minister 9.30 
-of Health 

Agenda i t e m  no 8 Presentations from representatives of the Ministries 10.10 
of Jhigation and Plaruring 

Presentation from representative of tlr Ministry 11.45 
of Ibalth 

a )  Schiskosomiasis, Dr A.Z. Nur and Dr M. Amin 
b) OncMcemiasis, DF A. Hafiz 
c) Mnlaria, DF A.A. Gaddal 
d) Wth ~zmrergs at th? pro-aonstruction stage, 

DF H. S h r i f  
e) discussed, based on &resentations 12 4 0  

Closure 14.00 

~ g a n d s i t ~ n n o 8  ~ i e l d  visits - Khartoum sewage neatinant Plant - Use 8.00 
of eff lumt in amen Belt. Urban Vector Control 
Rogmmm in Khartown and v i c M t y  

Briefing a d  discu8sion a t  the Office of the 12.00 
Provincial Health Conmiasioner, Khartoum 

closure 16-00 

Friday 31 March 

Holiday 

Saturday 1 A s i l  

Agenda i t e m  no 8 Travel t o  Wadi mi. Visit t o  t h  Bilharzis 9.00 
Research Station a t  Abu U a b r  

w " " 7.1.1 Planning (continuation) joint maeting end briefings with 16.00 
-7.1.4 Health, Agriculture, *igation ard P1ann. i~  

Departments, Gezirs Irrigated Area 
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S w  2 April 

Agenda item no g 

Monday 3 April 

Agenda item no 8 

Tuesday 4 April 

Agenda item no 8 

n " " 7.1 

WednesdaJI 5 April 

Agenda item no g 

Case study in El Karcuba - fleld observations 
and investigations 

Preparation of proposals - films on Gezira 
and weed control 

Field observations - Sennar Sugar Estate and 
Sennar and Roseires dams. 

Films on the Managil irrigation scheme and on TVA 
reservoir management practices 

Visit to the Provincial Hospltal - observation 
of chronic cases of malaria and schistosomiasis 

Visit to research station where the White Amur 
fish is studied as a means for controlling weeds 
in ponds and canals. 

Visit to tne new Rahad irrigation scheme 

Discussion and preparation of guideline (checklist) 

Review, discussion and approval of recomdationa 

Presentation and discussion of proposals resulting 
frov the case study in El Karaiba 

Time - 
6.00 

pn 

Closure of t b  Seminar 
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Mr Syed I f t i k a r  Ahmed Shah 
Chief 
Water Resources Section 
Planning Division 
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Planning 
Islamabad 

Mr A.M. Kango 
Director 
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Minfstrg of Food a d  Agriculture 
Islamabad 

Mr Ehmn M.A. Kateb 
Director 
Ehironmental Health 8 Malaria 
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Ministry of Health 

Riyad 

Mr Hussein AM E l  Wir Waziri 
Senior Public Health Inspector 
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m. Gaafer Mahgoub 
Deputy Director 
Agrarian Production Schemes 
Ministry of I r r igat ion 
Khartoum 
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Representatives from other United Nations Bodies 

MC Oian L. Puu~sochio, Resident Representative lhited Nations 
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WM) Secretariat 
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Dr M.O. Shoib Direct- of Health Regional Office for tha Eastern 
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Secretary of the Seminar 
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Co-Secretary of the Seminar 

Mr v. Parisi 

Mr Chen Kuo 
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Regional Adviser, Connnunity Regional Office for the Eastern 
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Lts t  of Working Documents 

AGENDA 

ANNU'rAm AGENDA 

P R m  OF WORK 

UST OF PARrncIPANIS 

MAJOR WATER-ASSOCIAmD mm mRNE DfSERSES 
by ~r P. Chasles, P I I A ( C D ) / ~ O  

MALARIA by Dr L.F. Delf ini, RA/MAJENRO 
.%HISTOSOMIASIS, by Dr A. Abdallah, 'Ilgmpomry Adviser 

AN ACCOUNT OF VECTOR-EORNE DLSEASES ASSOCIATED WI!El 
\A'W IN EGYPT by Dr A.H. E l  Refaii, Chief Department 
of Parasitology, Animal Health Research iks t i tu te ,  
E z Y  Pt 

MoSQUIlO-BRNE VlRAL DISEASES by Dr V. Parisi, 
RA/EYD/E~O 

SOCIO-ECONDMIC ASPECTS OF WATER ASSOCIAmD DISEASES 
by by H.A. Rafatjah, Chief EPO/V~:/?Q and Mr J. de 
Araoz 

lEAL?H ASPECTS OF WA!l?ER RESOUfg3ES ~~ PROJlELS 
by I@ H.A. RafatJah, Chief EPO/VBC/H~ and Mr J. de 
Araoz 

TlE IMPACT OF W A ' W  RESOURXS ~~T PROJECTS 
ON 'ME VECTDRS OF lTlURIASLS, ONCHX:WCIASLS AND 
!t!RYPAEIOSOMIASIS by M r  G. S h i h w i ,  Regional 
Entomologist, EM32 

TEE TMPACT OF IRRIGATION AND D R A m E  ON PUELZC 
HEALTFI by by H.A. RafatJah, Chief, EPO/VH:/IQ 

IlEvDm OF EnmIENcE OF m IiEALrn 1MPACTS O F  WAlER 
RESOURCES DEVEURIZENT PROJECT I N  IN by by R. Behar, 
v-4- 
REVIEW OF ECPERlElJCE by by H.A. RafatJah, Chief 
EPO/VBC/IQ and by J. de Araoz 

sTAm OF som VECTOR-mRNE DISEASES AND A ' r m l F l s  
AT THEIR CONTROL I N  THE 'flA'E3 RESOURCES DEVELOPMENT 
?ROJETS IN SOWJX-EAST ASIA RMiION by D r  R.O. Darwish, 
dm/- 
PROBIEMS OF MALARIA I N  CONNMION WIpI  IRRIGATION 
PROJECTS I N  AFGHANISTAN by Dr G.H. Yakuby, Vice- 
President, Malaria Inst i tute ,  Afghanistan 

SCHISTOSOMIASIS COWEfOL IN JAYIF MARSH IN by 
Dr Hashim Abdul Jabbar Saleh, Assistant Director, 
Bilharzla Section, Erdemic Diseases Ins t i tu te ,  Iraq 

HEALTH DIPACT OBSEKVED ON TIE WPUIATION OF GEZIRA 
SQZ3IE by Dr H.A. klaziri, Senior Public Health 
Inspector, Sudan 

&??& 
Item No - 
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TfE IARGE SCAIE M O ~ ~ I D I N C  IN SU;AR CANE PROJECT, 
KHUZESTAN by Mr A.N. IIazrati, Chief Field Operation 
Division, Irsn 

rn EFFECT OF LAND IEmumG ON ELll.lJ3?A'I?oN OF 
SCHISmSOMIASIS JN IGiUESlYLN by Mr A.N. Fiazrati, Chief 
Field Operation Division, Iran 

PUBI;II: mm RECmTD3m FQR EmvmTlDN AM) 
CONTROL OF VECrnR-B3RNE DLSEASES m EACH PHASE OF 
WArW RESOURCE IIEPEU)H@NT by Dr 0. El Zimaitg, 
Executive Director, Upper Egypt Bilharzia Control 
*opramme, Egypt 

PlUVEXMCN AND CONZWL OF VEC'IOR-EORNE DISEASES IN 
WATER RFSOUEEi IN IRAN by AN P. Khourshidi, Senior 
Fxpert fo r  Water Resources, Iran 

IMF'ACT OF MANGIA DAM PROJECT ON ENDPIICITY OF MA- 
by Dr S.M. MJtaba, Director, Directorate of Malaria 
Control, a d  Mr S.I.A. Shah, Chief Water Resources 
Section, Pakistan 

RFVlEW OF EXPERIENCE OF THE HF?UTH IWACTS OF WATER 
RESOURCES DEVELOFWNC by Mr A. Tuazon, WHO Sanitary 
Enpineer, PAK/MPD/oo~ 

REPORT ON GENERAL RFVlEW OF EXFERll3EE OF THE HEALTH 
IMPACTS OF WATER RFSODRCES DENELOPMENT PROJECTS I N  
KDJGDOM OF SAUDI ARABIA by Mr N.H. Lin, WI1D Sanitary 
Engineer SAA/MPD/OO~ 

HEALTH PRoBmIs R a m  TO K'UPHRATES DAM PROJECT by 
Dr M.K. Githaiga, WH3 Scient is t  (Malacologist) 
s!iFi/m/002 

ENVIRONMXCAL CONSlDERATIONS I N  THE DEVEIDm OF 
WATER RESOURCES by Mr F.J. Guscio, 'Jbmporarg Adviser 

RMIEW OF ENVYRO~TAL IMPACT O F  WATER RESOURCES 
M I D -  PROJECT by Mr J. de Araoz 

ENVIRONMWTAL CO~IDERATIONS I N  WATER RESOURCES 
DEVEU)EM?Nl by D r  R.W. Jones, R A / H I E / ~  

AERIAL S U .  FOR RESWW)IR PIAWIK by M r  F.J.Guscio 
Temp0rWj Adviser 

WATER RESOURCES PROEJBlS GRERATED BY ORiOXIOCPj 
PLANTS by Mr F.J. Guscio, Thomas R. Bartley and 
Arthur N. Beek 

mOEWNl'AL EFFECTS OF WATER RESOURCES DEVELBFMNC 
by Dr L. Obeng, Senior R-ogramae Officer, UNEP, Nairobi 

THE -ION AND CONTROL OF VECPOR-BORNE DLSFSES 
I N  AGRICULRIRAL WATER DEVMX)PMENP PROJECTS by 
P4r T.H. Mather, Senior Officer, FAO, Rome 

MECHANISM FOR REQUESTING UNDP ?ECHNICAL ASSISTAWE 
by M r  G. Antippas, Assistant Resident Representative, 
UNDP, Cairo 

Agenaa 
Item No 

W~em .VBC/L~ .3 (d) 5 -3 
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-ON AND COWIXOL OF WATER-ASSWIATED DISEASES 
IN CONNMION W I T 3  RURAL dATER S U P P L I E S  by Mr C. K u o  
RA/CWS/EMRO and M r  5. Bahar, RA/VEC/EMRO 

A .I .D.  CONCERN FOR ENVIRONMENTAL IMPACT by M r  J.F. 
Thornson ,  C h i e f  E n v i r o n m e n t a l  H e a l t h ,  USAID 

IN!EDM#:TION 'IO PIANNING b y  Mr H. R a f a t j a h ,  C h i e f ,  
EEQ/VE/FQ 

ECOLOGICAL DESIGN OF IRRIGATION CANALS FOR S N A I L  
CONTROL by Dr W.R. J o b ~ n ,  T e m p o r a r y  A d v i s e r  

PREVWTION AND CONTROL OF MXQUITO VECTCRS ASSOCIATED 
WITH WATER RESOURCES DEVELOPMENT PROJECTS by 
Dr F.E. G a r t r e l l  C o n s u l t r n g  E n g l n e e r  

A HISTORICAL STUDY O F  AGRICULTURAL DE(TELOFMENT AND 
BILHAiiZIA Dl I N T O  R I C O  by Dr W.R. J o b i n ,  
T e m p o r a r y  A d v i s e r  

FiEXIB' OF FOUR S E A R  CANE IRRlGATION SYSTEMS AND 
BILHARZIA PROEIEMS I N  FVER!tO RICO by Dr W.R. J o b i n  
T e m p o r a r y  A d v i s e r  

I;IST OF ENVIRONMENTAL MANAGENEM? .YEASURES WHICH HAVE 
PROVED TC, E USEFUL IN THE PREVENTION AND CONl'ROL 
OF MAL4RIA AND SCHISrOSOMIASIS by Mr J. de A r a o z  

PREVENTION AND CONTROL OF WATER ASSOCIATED DISEASES 
TRANSMITTED BY BIACK FLB2 IN d A T W  RESOURCES 
D E V E I X ) ~  ~ O J E C T S  by ~ R. ~ahar, R A / ~ / E M R O  

SCXISTOSOMIASIS CONTROL I N  LRRIGATION S Y S W  by 
M r  E .  Paulini, School o f  Engineering, L@W, Brazil 

EWIRONMEXTAL MANAGEMENT FOR MALARIA CONTROL by 
Mr H.A . R a f a t  jah, Chief EPO/VBC/FQ 

CRITERIA FOR THE SEIECTION O F  MALARIA COWI'ROL METHODS 
bgr M r  H.A. R a f a t j a h ,  C h i e f  EPO/VBC/I%~ 

CHFMICAL METHODS O F  MALARIA CONTROL bjj Mr H.A. R a f a t j a h  
C h i e f  EPO/VBC/N 

PIANNm FOR THE PRGVENTION AND CONTROL O F  SCHISTO- 
SOMIASIS IN DEVELOPMENT IRRIGATlON SCHEME by Dr H.A . 
Waziri, Semor Publlc H e a l t h  Inspector, Sudan 

P F E W X E O N  AND CONEtOL O F  W A m  ASSOCIATED DISEASES 
TRANSMI!tTED BY TSETSE FLY W WATER RESOURCES 
~ I / ) P M E N T  PROJECTS by m R. mar, RA/VEC/EMRO 

THE USE OF I X W I W R O U S  F I S H  I N  AIJTI-MAL4RIA PROGRAMMES 
by ~r H.A. Rafatjah, C n i e f  EPO/VBC/~  

'IHE PLACE O F  PESTTCIDES I N  PUBLIC HEALTH PROGRAMMES 
by Mr H.A. R a f a t j a h ,  C h l e f  E P O / ~ / X  

A g e n d a  
I t e m  n o  

&em .VBC/U .2 7.1 
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Agenda 

CASE STUDY OF DESIGN REVISIONS FOR RICE IRRIGATION 
SYSTEM IN MAURITANIA by Dr W.R. Jobin, TemporaT 
Adviser 

SURVIZS - T3 FILL I N  TN GAPS ON EXIS= m R M A ' I ? O N  
ON HEALTH - LOCAL HEALTH SERVICES AN) D E E P S =  COKCROL 
by Dr T.K. Arap Siongok. Head, Divislon of Vector- 
Borne Diseases, Ministry of Health, Nairobl 

STRJITEGY OF MOLUlSCICIIE APPUCATIONS IN RESERVOIRS 
qv Dr W.R. Jobin, Tempomj Adviser 

P SYSTEM APPROACH TO ANTI-MAIARIA PROGRAIQIES ny 
Mf H.A . Rafatjah, Chief EPO/VBC/HB 

COORDINATION by Mr J. de Araoz 

 ASSESS^ OF MALARIA CONTAOL PR~RAMMES (OPERATIONAL) 
oy h7r H.A. Rafatjah, Chief EPO/VEX:/FQ 

ZGIS'JTION Sy M r  J. de Araoz 

TRAINING FKBSOIMEL o;r M r  R. Bahar, R A / V E C / ~ ~ ~ O  

THE INFVRMATION SYSTEM AND REFORTING FOR PRaTECTS 
REIATED TO THE CONTROL OF 'JECPOR-B3RNE DISEASES IN 
WATER RESOUXCES DE"JEL0PMENT PROGRAMMES oy Dr V. Paris; 
RA/ESD/EMRO 

HANDWK 014 COST OF SCHISTOSOMIASIS CONPROL by 
Dr :: .R. Jnoln. Temporary Adviser 

- 
Item no 

EM/- .VEC/17 .? 7.1 

L i s t  of Background Documents 

OPERATION F.IAiN!CENANCE OF IXRIGATION AND DRAINAGE SYS'IWS, THEIR i33ALE-I IMPLICATIONS 
AND R E & m S ,  AS A C0KCRIBVIY)R TO B3IZCER IEAL'IH THROU3H VEC'POR CONTROL by 
Mr J. de Araoz, M r  H.A. Rafat jah and FIF D.J. Schliessman 

REPORT OF 'BE HEALTH ASPECTS OF TIE IAND AND lriATER SURVEY IN IN LlPFER AND NORTHERN 
REGIONS OF GHANA by B.Z. D i a m a n t ,  WHO Public Health Engineer 

ENVIKINbENTAL IMPACT AND MOS&Ul'J?3 CONPROL WATER RESOURCE MANAG- PROJECTS by 
Dr F.E. Gartrell. W.W. Earnes and G.S. Christopher, Tennessee Valley Authority 

SCHISTOSOMIASIS COWTROL IN BRAZIL by Errnest Paulini ,  School of Englneermng, UFMC,Brazil 

SIMULIDAE (BIACXFLES) AND THEIR CONTROL by Hugo Jamnback, Director ,  S t a t e  Science 
Service, University of New York, New York 

COST OF HARVESTING AM) SPREADING MARISA CORNURlETIS FOR BIOIDGICAL CONTROL OF 
BIOMPHAIARIA GUBRATA IN AIBONlTO, PUERTO RICO, by Dr W.R. Jobin, Assistant  Chlef 
Tropical  Diseases Section and D r  L.A. Berr ios-Man,  Wopical  Disease Section, San 
Juan, Puerto Rico 

ANTI-SCKtSTOSOMIASIS EFFORTS I N  RRNER BASIN DEVELOFKWT P R O G M S  by R.A. W i l l i a m ~ ,  
Division of Malaria ad Other Pa ras i t i c  Diseases, OAU 

CONTROL OF BIOMPHAIARIA GUPRATA I N  A SMALL RESEFWOIR BY F L ~ A T I O N  OF THE WATER LEVEL 
by Dr W.R. Jobin, San Juan Laboratories, Puerto Rico 

OPERATION OF IRRIGATION RESWVOIRS FOR THE CONlXOL OF SNAILS by Dr W.R. Jobin and 
E.H. Michelson, Department of Wopical  Public Health, Boston 
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VECTOR COKrmOL POTJCY TO COUNZW RESISTAXE IN SPECIFIC PROGRAtM3.S OF COERROL OF 
VECTOR-II3RNE DISEASES by Mr H.A. Rafatjah. Chief EPO/VBC/M~, WHO 

POPUIATION DYNAMICS OF AQUATIC SNAILS I N  THREE FRRM PONDS OF rmERM RICO by Dr W.R. 
Jobin, Troplcal Disease Section, Sen Juan, Puerto Rico 

RFVIEW OF EXPERIENCE W EXAMINAINC HEALTH ASPECTS OF WATER D E V E L O m  PROJECTS 
by WHO and FA0 for  the s ixth  session of the UNEP ECB 

mm OF ~ ~ ~ ~ A M , I N O  mmm FAO ~m WHO mmwm (1) WHD/FAO COLU\BORAT~N m 
RURAL W A ~  SUPPW AW ~mcmwm C I E Y E I D ~ ,  (2) WH)/FAO COLUB~ATION na m 
PRFVENPION AND CONPROL OF WAm-BORNE AND ASSOCIATED DLSEASES W AGRICUIEURAL WATER 
D M E L O m  ACTNITIES, and (3) WHO/FAO COLIAKIRATION IN WASmATER USE I N  AGRICULTURE 
EQRESTRY AND AQUA-. 

DRAFP POLICY STATEMZNP ON HEAL3H ASPECTS OF WATEfl RESOURCES DlWEZOPMR?l' PROJECTS by 
m 

List of background documents in tk SSuirvl 

MULTIPWLPOSE EPIDl3UOLOGICAL SURVEYS W NEW AGR- DEVFXDFMEWl! PROJFxTS by 
Dr Khalil Sherif, Chief Epidemiologist, Ministry of Health, Khartoum, Sudan 

A EPIIEF EIEVlEW OF MALARIA CONlXOL I N  THE SIP)AN by Dr A.A. E l  Gaddad, DirectorOeneral 
f o r  International Health and M l a r i a  Services, Ministry of Health, Khartom, Sudan 

SCHLSMSOMLASL~ IN IRRIGATION S C m S  - PROBLRG AND ESFECl?S by Dr M.A. A m i n ,  
Faculty of Medicine, University of Khartoum and Director of Gezira Schistosomiasis 
Project, Wadi Medani, Sudan 

ONCHOCEFCIASIS THE 6UDAN by Dr A.H.'Abu Yasif, Director of Conununlcable w e  Diseases 
a d  Onchocerciasis Control Division, Ministry of Health. Khartoum, Sudan 

lX!2 SITUATION OF IRRIGATION PROGRAWES W IN SUDAN by Mr K.M. Abdou, Director, Department 
of Irrigation, Wadi Medani. Sudan. 



With the purpose of obtaining basic data t o  have a preliminary view on the importance 
of water resources development Inthe participating countries, a questionnaire was sent  t o  
the participants In advance of the Seminar. 

The questionnaire consisted of two parts - P a r t  A covered general information concern- 
ing government agencies involved, allocation of funds and s ta tus  of legis la t ion with 
regard t o  water resources development. Part  B requested specif ic  data  f o r  each majar 

project; a specimen of the questionnaire is attached. 

Although the Information supplied does not lend i t s e l f  t o  s t r i c t  analysis, it provides 
a basis f o r  formulating cer ta in  general remarks and trends: 

(a) From 3 t o  6 governmental bodies are involved in water resources developnent. 
Collaboration among them is based on informal re la t ions  in all the reporting countries, 
with the exception of I raq and Sudan where formal agreements were reported t o  exis t .  

(b) Tne annual budget allocated for water resources development projects shows a signifi- 
cant Increase since 1975, ranging from about 6C$ In Pakistan t o  about WC$ in 
Afghanistan and Iraq. In Saudi Arabia the budget f o r  1976 w a s  almost 12 times 
higher than in 1975. 

(c) Concerning the  existence of legis la t ion for  the prevention and control of vectors of 
public health importance in water resources developllent projects, the s i tua t ion  leaves 
much t o  be desired. Only Iran reported affirmatively to the  two questions, and 
Saudi Arabia t o  the second one, in the questionnaire. 

(d) Six  countries supplied Infomation on 14 water resources developnent projects, of 
which 5 are a t  the construction phase in I ran  while the r e s t  are In operation. W i t h  
the exception of the drainage project repcrted by Iraq, a l l  are f o r  irrigation, 6 of 
which are a lso f o r  hydro-electric power, with a t o t a l  capacity of abou 2200 mega- S watts. The combined capacity of the reservoirs is about 20 b i l l i on  m , the i r r igated 
area is about 1.9 million ha and the  length of major canals and drains is about 19,000 
km. These figures Indicate the m ~ i t u d e  of Investment and developnent as well as of 
r i sk  tha t  water associated diseases represent in the reporting cuuntries, par t icular ly  
when it is  noted tha t  a l l  the projects are located in regions where malaria and/or 
schistosoimiasis were already a major health problem and which was aggravated a f t e r  

-the project s ta r ted  operations. 

(e) Concerning health personnel, Afghanistan reported that a physician/epidemiologist and 
a biologist/entamologist were assigned t o  the Helnard Valley project, Sudan reported 
that  a physician/epidemiologist and f ive  senior health inspectors were assigned t o  t h e  
Gezira Irrigated area, Pakistan Indicated having physician/epldemiologists and 
biologist/entomologists a t  the Mangla Dam project without speciPying numbers. 

( f )  A l l  c~un t r i e s ,  with the exception of Iran, reported tha t  epidemiological assessment 
w a s  carried out i n  6 water resources developtent projects, drug prophilaxis in 4, 
and chemotherapy in 5. 

(g) It w a s  reported t ha t  vector control by environmental management w a s  carried out in 3 
projects, e i ther  exclusively (Iraq) o r  In combination with other measures; by chemicals 
in 5 proJects, e i ther  alone (Pakistan and Saudi Arabia) o r  combined; by biological 
means, combined with other measures, in Afghanistan and Saudi Arabia. 
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SEMINAR ON TIE PREVENTION AND CONTROL OF VECTOR-BORNE DISEASES I N  WATER 

RESoURcL9 D m P m  PRdlEcTS 

21 March - 6 April 1978, t o  be held m Alexandria and S u d i ~ ~  

A. General information 

From ............................................ (Name of Country) 

and sumnltted by ...................................... (Name and t i t l e )  

1. Names of federal  or central  government agencles concerned wlth water resources 
development and responsible for: 

a) Planning 

d) Construction 

f )  Control of health problems 

(Please glve the o f f i c i a l  t i t l e  of each agency fo r  each act ivi ty  l l s t e i ) .  

2. Annual budget allocated for  water resources development projects 

1975 1978 

1977 1980 

(Please give the equivalent i n  US Dollars a t  the current ra te  of exchange). 

a) Is there e x i s t ~ n g  legis la t ion which delegates responsibility to  mlnistry of 
health fo r  preventing end c o n t r o l l w  vectors of publlc health importance m 
water resource development proJects9 (~es/no)  

b) Has mlnistry of health autnority t o  deve-op and estab-lsh regulations fo r  the 
prevention and control of vectors of public health importance on water resources 
development pro Jects? (Yes/no) 

c) If (a) and/or (b j  are answered affirmatively, ~t 1s suggested that  particl?ants 
bring coples of legls la t lon and r e y l a t l o n s  t o  the seminar and be prepared t o  
dlscuss them and the i r  countries' operational experiences. 
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S-AR ON THE PRFVENTION AM) CONTROL OF VECTOR-BORNE DISEASES I N  WATER 

RESOURCES DEVELOPMENT P R W  

21 March - 6 April 1978, t o  be held in Alexandria and Sudan 

Questionnaire "B" 

Ti t l e  of Project (incl. location ) .................................................. 
Stage of execution 0 plannxng Design 

Collaboration of health agency with agencles concerned 

by formal agree- 
ment 

by informal 
relations 

Construction Operation 

3 
Type of prodect. For a l l  types Reservoir capacity (m ) .............................. 

Hydroelectric - Electr ic i ty  produced (megawatt) ....................... 
Irrrlgation - Area of land i r r igated (ha) ........................... 

- Length of canals (km) ............................... 
................................ . lralnage Length of drains (km) 

Major Health Problems l a l a r i a  Schistosomiasis Other ( spec i e )  

Existing in area before construction n a El 
Introduced or Intensified by proJect a 
Number of vrofessional health personnel employed 

Physic ia&pidemiologist 

Activit ies undert&en P l a n n i n ~ i  Desim 

Epidemiological essessment n ii 
Drug prophylaxis II I/ 
Chemotherasy a 
Vector control measures Environmental 

aanngement 

Budget allocated for  health component 1977 

Engineerfiector control 

Construction Operation 

Chemical a 
Amount (indicate currency) ............. A s  $ of t o t a l  budget of proJect ............... 



CANAL L m a G  

In  advance of the seminar the participants were requested t o  provide information on 
costs of various types of linine;$ fo r  canals and drains, based on actual experience in 
t he i r  respective countries. A form w a s  provided with the purpose of standardizing the 
information and costs, a sample of which is attached. The purpose of this exercise w a s  
t o  col lect  comparative data on costs of various kinds of linings, t he i r  service l i f e  and 
the cost of maintenance, rehabili tation and renovation. This information would be valuable 
t o  Justify thb long-term economics of canal lin- as a major method of vector control i n  
i r r iga t ion  and drainage schemes. Based on the data presented, the following estimates and 
remarks are made:- 

3 In  Iran it seems tha t  f o r  canals of 0.2 m /see capaaity, it would be more expensive t o  
l ine  them than t o  convert t h e m  in to  closed conduits by the ins ta l la t ion  of buried pipelines 
of concrete o r  plastic;  the i n i t i a l  high cost is compensated for  by cheaper maintenance 
charges, but more importantly by t he i r  expected long l i fe .  Taking the cost of compacted 
ear th  l in ing as the uni t  f o r  comparison, the re la t ive  cost of other linings is:- 

Buried pipes made of concrete or p las t ic  0.64 

Reinforced concrete prefabricated sections 1- @' 

Concrete l in ing cast  in place 1-29 

Asphaltic macadam 1.43 

Pakistan provided very ample information on many types of canal linings. Unfortunately 
this infomation was presented in a dif ferent  way f r o m  the proposed pattern; it re fe rs  t o  
initial costs that exclude the consideration of expected l i f e  of the lining and of main- 
tenance costs. It was possible t o  adjust f igures t o  take into  account the serviceable 
period but not the maintenawe, char~es, which w i l l  a f fect  the following comparison. Taken 
against the cost of compacted ear th  lining, the following rela t ive  costs were calculated: 

Canmete lining cast  in place 0.40 

wt membrane 0.48 

Asphalt sheeting 0.71 

Plast ic  film 0.53 

Brick masonry 0.52 

Erick with prefabrioated asphalt base 0.85 

&ick rith asphalt membrane 0.89 

'lke above values exclude maintenance costs. 

Sudan provided in format ia  on compacted ear th  l in ing and concrete lining of both types, 
cast  in place and prefabricated sections, f o r  canals of 0.9 m3/sec capacity. Taking again 
the compacted ear th  lining as  a uni t  f o r  comparison the re la t ive  cost of the concrete 
linings are:- 

Reinforced concrete prefabricated sections 3. YJ 
Concrete lining cast  in place 1.52 



COMPARISON OF COSTS OF VARIOUS TYPES OF CANAL LININGS W I T H  EQUIVALENT mXXJ CAPACITY 

OF 0.9 ~'/sEc. - 1976 PRICES I N  E3 

TYPE OF m I N G  . -USDOLLARS 

conc. - 
trapezoidal or 
pcrabolic 
section 

2. Buried concrete 
or WC or ZPM 
pressure pipe 

3. Reinforced 
prefabricated 
concrete sects. 
parabolic or 
trapezoidal 

4. Asphalt 
macadam 

5. Compactedearth - 
trapezoidal 
section 

6.  Unlined uncompacted 
ear th  - trapezoidal 

50 Y r s .  

100 Yrs .  

50 Yrs .  

32 Yrs.  

8 Y r s .  

Repaired 
each 
year 

Small amount 

Very l i t t l e  

Small amount 
of maintenance 

Medium amount 

REMARKS 

Considerable 

High annual 
maintenance 

Uslng trimning 
machine znd s l i p  
form fo r  ins ta l la t ion  

I 

Based on US pipe 
available & ins ta l led  
using modern 
excavating equipnent 

I 

Using modern methods 
f o r  processing 
prefabricated sections 

U s i n g  s l i p  form 
machinery 

Cost w i l l  be re la ted  
t o  equipment used. 
'Pypical f o r  modern 
excavating and 
compacting equipment 

Cost w i l l  be re la ted 
equipment used and 
labout costs. 
'Pypical f o r  US 
equipnent and l a m .  



- ---. 

Main spec i f i ca t ions  
and c h a r a c t e r i s t i c s  

(8)  

-- 

E a 

General 
remarks 

(7) 
Low annual 
cost  

L o w  
i n s t a l l a t i o n  
cos t  

Low 
installation 
cos t  

LubJect t o  
damage by 
l ivestock 

bubJect t o  
damage by 
l ivestock and 
weeds 

SubJc c t  t o  
damage by 
l ives tock and 
weeds 

Subject t o  
damage by 
l ivestock and 

weeds 

by 

Cost plus 
maintenance 
per meter per 
year: US 
d o l l a r s  

(6 )  

provided 
Column (4)  equals column ( 2 )  dlvided by column ( 2 )  (name and titlt) 
Column (6) equals colunns 4 plus colwnn (5) Country Date 

Maintenance 
Cost per 
year per 
l i n e a l  meter: 
US do l l a r s  

(5) 

Information 5 - 2 2  
4 8  po 
G-4 P - 0 

Type of 
Lining 

(1) 

Unrelnf orced 
concrete i n  
place 

Buried concrete 
or WC or  ZPM 
pressure pipe 

Reinforced pre- 
fabricated con- 
c re t e  sec t ion  

Asphalt 
macadam 

Compacted 
ea r th  

Unlined 
uncompacted 
ea r th  

Other 

1/ S ta t e  flow capacity of ch rme l  l n  m, per second 

bxpected 
Li fe  
Years 

( 3  

50 

100 

50 

30 

8 

Cost per 
l i n e a l  meter: 
US d o l l a r s  

( 2 )  

Cost per 
Year per 
Linedl meter- 
US d o l l a r s  

(4) 



MATRIX FOR TIE SRlDY AND A t i A I X S I S  OF THE ENVIRONMENTAL INPACT OF A RESERVOIR W A 

'JA'IER RESOURCES D E V E L O m  = W E T  

Proposed Actions that msy cause Bmlronmental Impact 

Coa6itlons sf the hvlronmeilt 
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List  of Environmental Management Measures Which Have 
Proved t o  be Useful in the Prevention and Control of 

Malaria and Schistosomiasis 

The following environmental management measures have been applied fo r  the 
prevention and control of malaria and schistosomiasis so as t o  create conditions 
unfavourable t o  the breeding and propagation of vectors and intermediate hosts, t o  reduce 
opportunities fo r  the man/mosquito contact or the man/cercaria infested water contact and 
t o  assist in the application of insecticides and molluscicides. 

The l e t t e r s  M or S indicate tha t  the measure i s  particularly applicable t o  malaria 
o r  schistosomiasls control, respectively. No indication is  given where the measure is  
equally applicable t o  the control of e i ther  disease. 

Items 7.1.2 and 7.1.3. During the design and construction W e s  

A. In  the reservoir and surrounding area 

1. Removal of a l l  trees,  bushes and other plants that would emerge a t  maximum drawdown 
water level of the reservoir. 

% 

2. Clearance of a l l  vegetation in the zone of water level  f luctuation and about 
beyond the normal full-reservoir contour so as t o  produce a c lear  shoreline. 

3. Straightening of margins through cutting, deepening and f i l l i n g  of the reservoir edge. 

4. Construction of dykes and levees t o  separate shallow bays from the reservoir and 
dewatering of the low areas behind the dykes by the operation of gates, so that the 
water flows by gravity when the reservoir is a t  low level  o r  by pumping. 

5. Removal of ear th  from higher areas tha t  would protrude a s  small islands a t  maximum 
drawdown water level  of the  reservoir. 

6. Fil l ing of natural or man-made depressions in the vicinity of the reservoir o r  drain- 
ing these depressions through ditches leading t o  the reservoir. 

7. Provision i n  the dam design for  the periodic fluctuation of water level. Large-size 
gates. 

8. Paving or  l in ing spillways and diversion channels where they are exposed t o  wave 
action and erosion. 

9. Use of waterproof membranes, clayish or plastic,  a t  the base and surrourdlngs of the 
dam t o  reduce water seepage, and provision of drainage f o r  possible seepage water. 

10. Building of boat operating bases, e i ther  by the construction of j e t t i e s  or try the 
digging of small channels f o r  the docking of boats. Ramps f o r  launching boats. 

11. Provision of paths and other means of access t o  the reservoir ed.ge fo r  vegetation 
clearance and insecticide and molluscicide application. 

12. S Extension into  the reservoir of the drawout structure o r  out le t  conduit so  t h a t  
water is not taken from the edge. 

13. S Screenmg of intakes t o  prevent the passage of snails. 
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14. S Extension and deepening of the suction pipe of pumps so thzt  snai ls  do not ?ass 
through. 

15. S Fencing of the reservoir m the vicinity of villages t o  discourage people from using 
the  reservoir. 

B. I n  i r r iga t ion  systems 

1. Design of maln canals, l a t e r a l s  and sub-laterals t o  folloa straight l m e s  with the 
minimum number of bends; necessary bends t o  be of ample curvature. 

2. Design of canal gradients and cross-sectlons t o  ensure ~xater velocities thz t  prevent 
s i l t i n g  without scouring. 

3. Design of canal grlds wlthout interconnections so t ha t  wnter enters a t  the head or 
upper end and flows in one direction only. 

4. Provision of a gate, slphon or other water control device a t  the t a i l  or lower ena of 
canals so  t h a t  they can be flushed empty t o  the nearest drain when t h i s  1s necessary. 

5. Provision of an effective drainage system t o  col lect  and dispose of surface and 
ground surplus water. 

6. Elimination of disused canals and drains and natural streams Intercepted by the nen. 
system. 

7. Fi l l i ng  or draining of borrow-pits along canals and roads. 

8. Paving or  lm ing  of canals as  extensively as  possible; ~t is an i r r iga t ion  unprove- 
ment as well as an effective health protection measure. 

9. Consideration in the deslgn for  covered conduits or pipes fo r  water distribution t o  
cult ivated plots  and for  surplus water drainage. 

10. Provislon of a sufficient number of bridges across canals so that  villages are not 
isolated fram main roads; t h i s  w i l l  a lso help molntenance work and the application 
of insecticides and molluscicldes. 

11. Protection of the canal section a t  the entrance and ex i t  of culverts, drops, cnutes, 
control structures, etc. agalnst scouriry tha t  may form depressions. 

1. Selection of land fo r  vll lages on high ground wlth a s l lgh t  and -form slope, with 
sandy top so l1  that  allows water infiltration, f i l l i n g  of any ground depressions. 

2. Location of vil lages away from the edge of the reservoir or the banks of r ivers  and 
canals. A distance of 1500m has proved t o  be adeq~ate  m reducing the incidence 
of malarla; t h i s  same distance w i l l  discourage people from gettin& in  contact with 
schlstosome Infected water. 

3 S Provislon of a safe water supply in every settlement; the type of supply m 
accorda?ce with local  conditions and importance of the conmunity. 
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4. 5. Provision of publlc f a c i l i t i e s  f o r  laundry, bathing and recreation of suitable 
capacity. I f  needed, provision of c a t t l e  troughs. 

5. S Provision of excreta disposal Insta l la t ions  suitable t o  s o i l  conditions and of a 
type accord- wlth the importance of the crmnnunity. 

6. Provision of open or closed conduits f o r  the rapid collection, transport and disposal 
of rainwater m accordance w i t h  the climate of the locali ty.  

Item 7.1.4 During t f i e  mamtenance and operation phases 

A. In  the reservoir and surrounding area 

1. Clearance of submerged, emerging and f loat ing vegetation t o  keep a bare zone of water 
level  f luctuation and a clean shoreline. 

2. Dredging of the reservoir margln t o  deepen it and produce steeper slopes. 

3. Repair of dykes and levees t o  keep them in proper condition. 

4. Fi l l ing  or draining of natural and man-made ground depressions of recent farmation or 
were unnoticed a t  the time of construction. 

5. Straightening of courses and rect i f icat ion of gradients of natural  streams conveying 
water from the catchment area t o  the reservoir. 

6. Provision of proper management for  the punctual operation of water level fluctuation. 

7. Repair of spillways, diversion channels and other structures scoured by water and paving 
of the damaged sections. 

8. Repair of drains thzt  col lect  and convey seepage water from the dam and other structures. 

9. S Repair of grids and screens a t  the intake structures or suction pipes. 

10. S Fencmg of the reservoir may be more advisable when communities are provided with a 
proper water supply. 

11. Repair of roads and paths of access t o  the reservoir edge. 

B. In i r r igat ion systems 

1. Dredguq of canals and drams t o  brinf; them back t o  t he i r  original dimensions and correct 
gradients, reshaping of cross-sections and f i l l i n g  of bed depressions tha t  may re ta in  
water hhen empty. 

2. 3equent  clearance of vegetation t o  ensure t ha t  canals and drains are f ree  of aquatic 
plants, etc. 

3. Avoidance of the use of canals for night storage. 

4. Repair of control structures end gates t o  ensure t he i r  proper functioning. 

5. Repair of culverts, siphons, bridges and filling of bed depressions t h a t  are formed by 
scourirg a t  t he i r  entrance and exit. 
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6. Effective control of water quantity a t  the intake of the reservoir and a t  equal gates 
t o  prevent over-irrigation. 

7. Lev6lling and grading of cult ivated land, partLoularly where it is exposed t o  floodin,, 
or provision of drainage when levell ing and grading is too extensive. 

8. Gradual l in ing of canals, s ta r t ing  in sectlons most exposed t o  scouring and where seepage 
losses are greater. 

9. Gradual transformation of open channels t o  covered conduits and pipes, s ta r t ing  i n  
sub-laterals and feeding canals. Subsurfzce drainage. 

10. Gradual introduction of sprinkling i r r iga t ion  fo r  cultivated f ie lds .  

11. M Restriction of l a - u s e  t o  daytime oocupvlcy t o  reduce opportunities fo r  mosquito 
biting. 

12. Periodic flushing of ~ m a l s  W dwhs. 

C. I n  communities 

1. S Maintenanae, e x t e ~ s l o n  awl &nprovement of water sugply instnl la t ions  in accordance 
with the development of the camunity and the amelioration of l iving conditions. 

2 S Improvement and transfgmation of waste disposal ins ta l l2t ions  yl accordance with 
the development of the conmiunity and amelloration of livzn& conditions. 

>. Maintenance, extension a d  bprovement of the r a m ~ ~ a t e r  collection and disposal system. 

4. M Introduction of a public service fo r  the collection of household ind other wastes. 



Checklist of M j o r  Steps f o r  the R'evention and Control of Vector-borne 
Diseases at each Phase of Water Resources Developnent Projects 

PIANNm PHASE 

(1) Review of existing information on health and re la ted subjects 

(a) Epidemiology: morbidity and mortality rates, geographic distribution, 
vectors ecology 

(b) Health and medical services: f a c i l i t i e s ,  s ta f f ,  special  projects and prognurrmes; 
degree of development, capacity and coverage 

(c) IIuman population and characterist ics:  agricultural ,  migrant, nomadic, e tc .  
population growth, importance of migratory movement, displacement witnin t he  project 
area 

(d) Cattle: its number and economic importance, c a t t l e  diseases 
(e) C o m i t y  and housing patterns: location, design, construction materials 
( f )  Water supply. excreta and wastes dlsposal f a c i l i t i e s  
(g) Climatic patterns: temperature, ra in fa l l ,  humidity, wind, etc.  
(h) Water: surface and ground water, quality, pollution, abundance and seasonal 

variation, floods and droughts, seasonal variation in temperature 
( i )  Soil: physical and chemical characterist ics,  including permeability, s tab i l i ty .  

s a l t  content, etc. 
( J )  Natural and cult ivated aquatic aid land vegetation, domestic and w i l d  animals 
(k) Economy: national and local, sources ard levels  of income 
(1) Tbpographic mps: contour l ines,  roads, vil lages,  e tc .  of t h e  region and the 

watershed, design plans of proposed project, etc. 

(2) Surveys : 'Ib check or f i l l  in information gaps; assessment a d  oollection of basic 
data by special is ts .  

Detailed epidemiology of major existing diseases and biology and ecology of 
principal vectors 
Health and medical services, disease and vector control proganrmes and ac t iv i t i es ,  
evaluation of effectiveness and resources 
Human and c a t t l e  movement: migratory currents, t h e n  origin and paths 
Sanitation: sources of water supply in use and potential, investigation of ground 
water sources, active and potential  sources ami ways of pollution, practices of 
water contact, excreta disposal, c a t t l e  watering and mnure disposal. 
Existing and proposed agr icul tural  crops an3 practices: i r r iga t ion  methods, 
sui table  crops, rota t ion in cultures and irrigation, use of pesticides and 
f e r t i l i z e r s ,  the i r  kind and amount 
Local econonly: a t  present ard prospects of future development 
Socio-cultural patterns: present level and possible disturbance produced the  
project 
Engineerin6 and operational reconnaissance and mapping fo r  ecological, hydrological 
and geological o r  s o i l  studies 
Contact with agencies operating i n  the project area, type of t h e i r  a c t i v i t i e s  ani 
possibil i ty fw assistance and coordination. 
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(3) Decislon making for  the prevention ard control of dlseases 

(a) Review of prz~ject proposals and preliminary designs ard options 
(b) Ident i f icat ion of existing health problems 
(c) Prediction of possible future problems ard of t he i r  health effects  
(d) Determination of the unportance and extent of actual and potential  health 

pro~lems t o  es tabl ish an order of pmor i t i es  m prevention and control 
operations 

(a) Feasibi l i ty  studies of control measures, including cost/effectiveness and cost/ 
benefit analysls 

( f )  Selection of village ssltes and types of water supply and excreta dlsposal 
ins ta l la t ions  

(g) Selection of methods of vector and dlsease control and estimates of manpower 
and organizational requirements 

(h) Organlzatlon of f i e l d  t r i a l s  and p i lo t  projects 
( i )  Settlement of displaced and inmigrant population a d  estimates for  the provision 
of water supply, sani ta t ion and other health facilities. 

DESIGN PHASE 

(1) Establishment of design c r i t e r l a  t o  mlnimize health hazards and t o  achieve objectives 
of the  health protpamne. 

(2) Evaluation of preliminary project designs and alternatives.  

(3) Establishment of proposed practices of w a t e r  system management and t he i r  effects  on 
vector habitats.  

(4) Preliminary design and options fo r  canal l in ing  overpasses and other health structures 

(5) Final detailed design of worm i n  t he  reservolr 
(a) shoreline m&flcation and improvement 
(b) a l e m e  and disposal cf t r e e s  and b m h ,  of man-made structures and fences 
(c) relocation of roads, villages, cemeteries, shrines, etc. 
(d) discharge s t ructures  sized f o r  water level management a d  downstream flushing. 

(6) Final detailed design of works in i r r iga t ion  schemes 
(a) Equallzmg reservoirs and night storage ponds, when necessary 
(b) Canals and drams  
(c) Regulating structures, gates, slulces, e tc .  and dis t r lbut lng chambers. 
(d) On-farm water use 
(e) Ground water use and control 
( f )  Potential f o r  incorporating domestlc water supply 

(7) Final detal led design of measures and works i n  comunitles 
(a) Selection of s l t e s  for new communities b s t a n t  from water 
(b) Provision of safe, adequate and convenient water supply and sewage disposal 

systems 
(c ) Recreation, safe ponds a s  a l ternat ive t o  infected water contact, sports grounds,etc . 
(d) Other protective measures, such as house screening, surface water drainage, general 

sanitation, public laundry insta l la t ion,  e tc  . 
(8) Provisions f o r  mintenance ac t l v l t i e s  and t h e l r  fmnancing. 
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(9) Environmental management. 
(a] Regulating structures f o r  measurement and control of water discharge and veloclty 
(b Gates required fo r  rapid drying and flushing of i r r iga t ion  syb-systems 
(c) Adjustment of water sa l in i ty  m coastal breeding s i t e s  through the  ins ta l la t ion  

and operation of gates 
(d) Water level  nrulagement in sna l l  reservoirs by means of automatic siphon spillways 

(e)  Safe crossings a d  bridges wer canals and drains 
( f )  Uning of canals and drains, closed or subsurface conduits. 

(10) Enhancement and simplification of chemical and biological control 
(a)  Design dispensers for chemical appllcatlon attached or  incorporated t o  

r egu l a thg  structures, metal rakes and screens against snalls,  
(b) Provide access roads and paths fo r  surveillance and spraying, c lear  water lanes 

and landings for boats 

(11) Public health education and development of commun~ty participation. 

(12) Health f a c i l i t i e s  - dlspensarles and hospitals. 

COUSlRUCTlON PHASE 

(1) Health protection of the construction labour force 

(2) Special f a c i l i t i e s  f o r  disease control and treatment a t  the construction s i t e  

(3) Adequate housing and sanitary f a c l l l t i e s  for  construction workers an l  t he i r  families. 

(4) Surveillance of infections i n  imported manpaver and local population. 

( 5 )  Monitoring, vaccination, treatment of local population and el imnat ion and control of 
endemic &seases especially those wlth potentla1 fo r  lntenslf icat ion with project 
operation. 

(6) Environmental protection, erosion, spillage, a l r  and water pollution, disposal of 
wastes, aesthetic alterations,  etc. 

(7) Inspection t o  ensw t ha t  construction is carried out according t o  health designs. 

(8) Public health education and developnent of c o m i t y  participation. 

OPEflATToN PHASE 

(1) Allocation of flmls, assignment of s ta f f  and unplementatlon of disease control 
pmgranrmes . 

(2) Surveillance, screening and treatment of h f ec t ed  persons. 

(3) Establlshmerrt of ru le  curves and schedules f o r  the control of mosqultos, malls, 
f l i e s ,  weeds, etc.  

(4) Establishment of water level  management practice ard schedules 

(5) Maintenance and modernizat~on of structures and other works. 
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( 6 )  A?plication of chemical and biological methods f o r  vector and weed control. 

(7) Drainage of a l l  water collections around the reservoir. 

(8) Prevention and correction of excessive seepage. 

(9) On-f arm water management. 

(10) Operation, maintenance, improvement and development of water supply and sewage disposal 
systerrs, general s an i t a t~on .  

(11) Puolic nealth education and developnent of community partlclpation. 

(12) Evaluation of vector and disease pattern changes, efficacy of control programnes, 
study and implementation of amendments or a l terat ions  t o  improve resul ts .  

(13) Preparation of periodic and speclal  reports f o r  i f o m t i o n .  



W C m .  1 
Page 81 

Annex 11 

CASE STUDY 

EaIdmuIP1 CONTROL 

AUMINISrnTION 

1. General:- 

a) Name of Vlllage 

c )  Population 

d) Area 

e) Communities 

f )  Roads 

g) Llv- Habits 

; rnlles \lest of Madany tor-m 
(Uithin Madma Arab Rural Councll) 

Aoout one square mile 

6% lnvolved m Agriculture Works, the r e s t  i n  
different Profecsions 

Cne 3 miles - paved road connected t o  Madmy 
Kh2rtoum 

Days are spent m f l e l d  work 1. e. agriculture 
ac t iv i t i es  where they are m contact with canal 
Infested water Fn sense of ~ashing and drinking 

a) June - April Cotton 

01 October - March Wheat 

c) July -February Dura, r i c e  and ground nut 

d) A l l  the yew round Vegetables and f r u l t s  
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Temp Relatlve Humidlty R. F. 
Month Max Mm 8 a.m. 2 p.m. 14 p.m. 20 p.m. in c.m.m. 

June 31.9 13.1 3 17 3 35 27 

July 35 15.8 40 17 29 37 55 

Aug. Y7.7 18.3 PO 14 18 25 47 

Sept. 3 . 7  19.3 17 10 15 22 20 

Oct. 41  23.8 28 16 22 32 11 

Nov. 39.5 24 50 24 42 57 - 

Dec. 36.6 23.3 67 Y 51 72 - 

Jan. 3 . 4  21.9 76 46 70 82 - 
Feb. 37.4 21.8 5; 3 56 73 - 
March s.1 19.2 49 28 47 59 - 

Aprll 36 16.4 33 20 3 43 - 
14sry 32.7 14.8 P 21 37 40 - 

4. Health Servlces 

a )  Sanltatlon: - 

1) One Asslstmt Sanitary Overseer responsible fo r  ~ r spec t l on  of 
houses ma other uls t l tu t ions  plur lnfectlon dlseases detection and 
supervision, health education and health surveys 

2 )  Clean- f a c l l l t l e s  - 3 sweepers 

;) Hunan remalns are dlsposed of e i ther  i n  g l t  l a t r lnes  or nearby 
the boundaries of the vll lage 

One dressing s ta t lon  run by e certified nurse. 

Taps are dzstributed t o  houses m a glpe l ine  system supplied from a deep 
bore well. 
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a) !hansmlssion Season: A l l  the yea- round 

b) Vector: Bllnus md Blol$iLarla Snalls species 

c) Breeding places Shores of Canals agnonst Plantation 

d) Behzvlour of Vector: 

e )  Reslstmcc t? molldsc~cldes: Copper Sulphate does not k l l l  eggs of sna l l s  

?; Prevalence: Lndemlc 

7 Control rleasures 

a) Envlronnental Severity of Heat and Cold Affects t he  life of Snails. 

b) B io io~ lcz l :  Not yet mtroduced. 

c) Chemical: Due t o  shortace coaper s u l p k t e  1s zpplled iE focal treatmer.', 
ec t lv l t l ez  

PLJ< FOR 1Y(6. - 
To mn the same ac t iv i t i es  

O r ~ z n l z ~ t i o n  and kdmln~strzt.tlon 

Only 46 t rwned Labours are distributed m an area 05 30,000 acres covered rritn a 
great net of canalizatlon,nearly 10,000 mlles in length. Also 9 each of 2 - persons 
mobile teams of exmmatlon are scattered on the area m vrhich our v i l l q e  i s  included. 

A Public Health Inspector r.ithout technical subordinate s ta f f  or comn~~nication 
f a c l l i t l e s  1s  supposed t o  adminlstrzte t h i s  bod;. 

The disease attacks of children between 5 - 15 and 50:: of the d u l t s  accordin& 
t o  entertainment c&r;rlcultural ac t lv l t l es  consecutively. Thls v l l l ~ e  xias exomlned 
thrice. The infection ra te  was always over 2%. 140 treatment w a s  offered, b ~ t  the 
lnfected persons Irere told t o  ?Im-"'Ge ~t themselves. 

Cnlef of BlIhmzia Control Dlvision 
GZLIilA PROVINCE 
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1) General 

a )  Name of vi l lage:-  

b) Location - 

f )  Roads: - 

2 )  Crops 

a )  Cotton:- 

b) d h e ~ t : -  

d) Ground nut: - 

e j  Rice:- 

f )  Vegetable eardens:- 

E l  Karaiba 

3 miles west of Wa6iMedani Town 
(i i l thin Madeena Arab R. council) 

(G.R.) Population 2105 House holders 
407 Roons 1741 (Date of G.R. 1>//6/';5 

About one square mile 

Majority tenants, others employees i n  Wad 
Medanl Town 

One maln paved road connectlw the  v l l l ~ e  , + l t h  
dad Eledani Tom 

Work from 6 a.m. t o  6 3 . m  l n  the  f l e l d s  where 
they drink snd I ash from the  cwa l s .  They s leeg  
indoors i n  winter and out doors m summer Irefgin; 
t h e l r  animals nearby 

From 15th  June t o  15th Apri l  

" 3 t h  Oct. " -mh A p r i l  

I f  15 th  ~ u l y  " 15th 'I 

If I1 I1 It It I? 

I t  11 I t  It ,I I1 

A l l  the  year 

Each about 5 acres 

3) Health Zervlces 

a) Medical:- One dressing s t e t i o n  run  by a c e r t i f i e d  ?ur-e 

b) ;=ltatlon:- One A/smitary overseer, 5 sweepers. They dic?ose t h e i r  
excreta i n  p i t  l a t r ines ,  and a l l  re fuse  i s  collected a d  
burned i n  the  v i c i n l t y  of the  vi l lage.  
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4) \later supply 

One deep-bore well 

\later is distributed t o  the houses by a pipe l i ne  system 

5) Temperature. Humidity and Rainfall 

1977/1978 

6) Elzlaria Control 

a) Transmission season: - 

Ivlonth 

June 

~ u l y  

kuwst  

Sept. 

1 )  From A u y s t  t o  November - due t o  rainy s e a o n  

2) Januvy and Teb. - due t o  rrlnter cult ivation 

b) Vector:- 

Ivlain vector i s  Anophline Gmbiz 

c) Breeding places:- 

Rainfall  

27 

54 

47 

20 

max. 

31.9 

35 

7 . 7  

39.7 

BmaJlcollections of 11~ter  especially i i i  the cult ivated area where favourzble 
conditions. 

11 

- 
oct. 41  

Nov. 39.5 

Dec. s . 6  

Jan. 34.4 

Feb. 3.4 

iflarch 1 

April % 

May 72.7 
- 

Temp. I 

i 
m i n .  

13.1 

15.8 

18.3 

19.3 

23.8 

24 

Humidity 
I 

I 
2 p m  1 1 4 p m  apm 8 am 

34 

40 

20 

17 

26 

50 

I 

17 

17 

14  

10 

16 

24 

23.3 

21.9 

21.8 

19.2 

16.4 

14.8 

4 

! 

35 
X ,  I 
29 1 37 

18 1 25 

15 I 22 

67 

76 

66 

49 

33 

:4 

3 

46 

34 

28 

20 

21 

22 

42 

2 

57 

51 

70 

56 

47 

3' 

37 

73 

59 

43 

4Q 
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d) Behaviour of t he  vector:- 

Endophilic and Endophaglc 

e) Resistance t o  insecticide:- 

Resis tvl t  t o  D.D.T., B.H.C. and D l l .  Susceptible t o  organo-phosphorous 
compounds (Malathion and Abate) 

f )  Control neasures 

1) Resicl~al spraying ~ i t h  Malathion 50$ b1.D.P. t:io rounds e yea- 1st round 
21st Junc t o  20tn July, secona round 21st October t o  20th November l t h  
n technlcel dose of 2 granc/sq M. 

2) Larva control lr. thc sunner secson from 1 s t  Jmuary t o  1 s t  June tritn 
Abate 50EE with e aosc of 1/1000. 

3) Treatment of posltlve cases:- 
111th &-Ammoquinolmnec 1500 mg base for  the adult. 

g) Type of plasmodium: 9% Fnlspura 

h) Biological control:- 

Medina Arab R. council area is under t r i a l  of m t r o d u c w  Gambusiz fisn.  

j) Organlzztion and nan2gement:- 

One Public Health Officer f o r  the whole Medina Arab R. Council assisted oy two 
sanitary overseers. Means of transport, two landrovers and one motorcycle. 
The Council is composed of 12 a g r i c ~ l t u r a l  block offices: 21 Karaiba vil lage 
l i e s  vrithin Dirylecsh dock  Office. 

I n  the councll there are ;58 mosquito men and 76 sprzymen. Every mosquito 
man (squad leader) have two spray-%en. 'Ike vfnole area i s  dlvided into  small 
areas t o  be covered by one squad by n weekly propam. 

Every squad is checked by tne P H.O. or the S.O. a t  l eas t  four tunes a month, 
then a monthly report 1s sutmitted. b;. the P.H.O. t o  the Province Malaria H.Q. 
shovrlw the  following . - 

1) Number of v l s i t  made t o  every squad. 
2) Larva survey made bj j  the P.H.O. and S.O. 
3) Amount of Abete consumed. 
4) Aree covered durlng the month. 
5 )  Anythm else t o  be nentloned. 

Durlw spraying t i ne  a l l  mosquito-men 2nd sgray-men In the council In ; 
cangzlgn 

7) Data of s p r a y h ,  

22E 
1st round - 1 s t  July 

Spayed: - Houses 518 Zooms 1805 
Unsprz~red: - 11 70 II 121 
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2nd round - 21 October 

Sprayed:- Houses 326 Rooms 1220 
Unsprayed:- IT 64 11 128 

1st round only - 21st June 

 prayed - Houses 331 Rooms 133 
Unsprayed: - 11 31 11 226 

1st round only - 21 June 

opra;red. - Houses 424 Rooms 1687 
Unsprqred - 1 ,  28 11 150 

1) Specla1 survey 

June 1977 - 250 s l ides  a l l  negative - 2 - 9 r&es 

2) Routlr.e survey N i l  

3) Fever cases reported I n  :ladlMedmiHospital and Centrcl Mnlarlz, lab. 

1974 346 s l ldes  40 posltive P.F. a l l  age: 

1975 256 I f  67 11 11 11 I 1  

1976 338 I t  38 I1 11 11 I 1  

1977 182 11 27 11 11 11 I t  



m/EMhB. 1 
Page E8 
,",inex 11 (cont'd) 

S m a r y  of Malwla ac t i v l t l e s  since 1971 

;lldes collected from $.c.D. 

Larva Control 

Dies. O i l  Dies. 011 

No slldes 

502CO 

Zcslt l  ie 

14409 

P.R. 

$26.6 

N i l  

Residual spraying with Malathion 5C$ ".D. P. I 
Dies. 011 

No s l ldes  No s l ides  No s l ldes  

$8941 9344  1,13439 

Ps s l -~ve  Positive Positive 

1933 3 20715 275C1 

P.R. P R P.R. 

$21.7 $22 9 $21 4 
I I 

sa-?e;rs (Chldren 0 - 9 years 1 : - 

I 
Dies. O i l  Abat 

1 s t  rounc 
June 

Coverage 
88.476 

2nd rounc 
Novembel 

Coverase 
82.15 

No slide: 

124761 

Positive 

1929  

P.R. 

$15.4 

January 
No s l ~ d e :  

2017 

Posltive 

411 

P.R. 

1976 

Abate 

One round 

2197 

Posltlve 

115 

P.R. 

$5 -2 

Octoxr  
110 s l ides  

2259 
Positlve 
59 
P.R. 
$2.6 

June 
Coverzge 
6 .  

No s l ldes  

11332~ 

Positive 

11853 

P R. 

$10 

January 
No s l ldes  

4040 

Posltive 

20 

P.R. 

$1.98 

October 
No s l ides  

2815 
P3sltlve 
3 
P.R. 
*.I 

1977 

Abate 

1976 

Abate 

June 
Coverage 

84.1$ 

No s l ides  No s l ldes  

One round 

126358 

Positlve 

3182 

P.R. 

$2 5 

January Jar~uar~~ 
No s l ides  No s l ldes  


