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ITRODUCTION
 
Substantial evidence exists chat water resources development projects in tropical areas have

resulted in unanticipated adverse side effects. 
 Increased prevalence of water-related dis­
eases is an example of such adverse effects. The failure to consider these side effects,

and to provide explicit management strategies to mitigate them, can reduce the economic pro­
ductivity of the development project and actually decrease the net well-being of the project 
population. 

The purpose of 
this paper is to suggest, by analysis of a typicall :te of water resources
development project, how project planning should be undertaken in order to 
consider explic­
itly both potential negative impacts and also possible means for li.mit.ng such !=pacts while
achieving the usual economic development goals. The example chosen to illustrare the
approach is an irrigation project in a developing country with specific potential short-term 
and long-term negative impacts resulting from increasing the transmission of schistosomiasis,
for a given project design. The example will be used as the basis for indicating what types

of management strategies, that is, combinations of phytical measures, impl~mentacion incen­
tives, and tiscitucional arrangements, might be incorporated in the project to 
reduce the
 
negative effects.
 

The global concern with and eMphasis on increasing food supplies in chi. face of continuing
large increases in population, coupled with the limited supply of agricultiral land, has
resulted in pressure for more intensive us! of existing agricultural land in vrtually all 
areas of the world. irrigazion is one of the prime means for intensifying land use to in­
crease agricultural production. 7herefore, a careful appraisal is warranted with respect

to; (1)whether or not current project planning of irrigation projects and the projects
which saem from these are adecuate; and (2)if not, how they can be improved, Estimating

the impacts of irrigation projects includes estimating the likelihood of disease vector

populations increasing as a result of 
the project, the corresponding number of persons

affected, and the consequences, as well as estimating the increased crop yields and asso­
ciated benefits steing from the project. Although it is difficult to predict accurately

how many persons will be infected with a disease for any given set of conditions, it is
essential that the potential for such adverse side effects be included in estimating project
.costs and benefits. The example of schiscosomiasis and irrigation projects is used to 
ex­
plicate the suggested changes.
 

SCiISTOSOMIASIS AND I.RIGA-ION
 

Schistosomiasis, a disease carried by a parasitic worm, is intimately associated with wate­at each stage of its life cycle. More than 200 million people in Africa, the Middle East,
 
Asia, and parts of Latin America are currently estimated to be infected with at least 
one
of the three species of schiscosomes (worms) infective to man: Schiscosoma haematobium,

S. mansoni, and S. iaDonicum. SchiscDsome eggs are transmitted by infected individuals

through urine or feces, depending on :he parasite species. The eggs must reach water to

hatch. Once in water, the eggs hatch 
 into the first larval stage, or miracidium, which
 
must find an appropriate snail species to continue the life cycle. Once in the snail, the 
miracidia undergo asexual reproduc:ion and are shed by :he snail as cercariae, the stage

infective :o hunans and to some species of other animals. 7t Qercariae can penetrate any

part of 
the body that touches water. Once inside a person, the worm migrates to :he veins
surrounding the intestine or bladder (depending on species); after males and females mate,
the eggs are laid and passed through the walls of the intestine or bladder to be excreted.

The life cycles of the three major schiscosome species infective to man are snown in
 
Fig. 1.
 

Clinical effects of schisrosomiasas range from general weakness and 
anemia to obstruction
 
of flow of blood or urine. Warren (1)emphasizes that schlscosomiasis, although usually
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not fatal, is "a potentially lethal infection from the Katagana fever of the early stages
to . . . carcinoma of the bladder, cor pulmonale, epilepsy . . . and other complications

of the later stages." Seriousness of disease consequences is thought to be related to
frequency of re-inlection, longevity of infection, and nubers of worms 
 in the body. 

An irrgatee area complete with canals, laterals, field delivery of water, and drains pro­vides additional possibilities for snails to survive and for people to come in contact with
infected uacer above those already existing in non-irrigated areas such as ponds or rivers.
This is especially true for irrigation systems located close to villages and where no alter­
native water sources are available for drinking, bathing, washing clothes, and water recre­ation. Snails thrive on the sides of canals, laterals, and drains where weeds have grown,in weed-overgrown bars in the middle of canals and drains, and/or in the side pools that
 
may form alongside of canals or drains as a result of seepage. 
 Snails also are attracted
 
to organic matter that may be deposited in canals, laterals, drains, or side pools by vil­
lagers. Thus, i. snails exist in the area, they are likely to be found around all sites
 
where people use water.
 

The impact of irrigation systems on the transmission of schistosomiasis has been docuwented
in studies in Egypt (Ref. 2), the Sudan (Ref. 3), Tanzania (Ref. 4), Zambia (Ref. 5),
Ghana (Ref. 6), Nigeria (Ref. 7), and Iran (Ref. 8). As shown in Table 1, in most cases
there was either no infection, as in the Sudan, or some infection, as in Egypt and Iran,
in :he project area before the irrigation system was built and operated. Where no previous
irrigation existed, parasites were brought into 
an area by infected migrants and by vector
snails clinging 
to animals and clothing. The impact of irrigation has been to increase

substantially the level of infection (prevalence) in
a relatively short time (Ref. 9).
 

In crying to assess the impact of 
a project on disease transmission, it is important to

emphasize two different measurement problems. The first is that of estimating the distri­bution of infection in the population over time. Prevalence of S. haemaobium, for example,

is measured oy the presence or absence of schiscosome eggs in the urine. The presence of
only one egg in an individual's urine classifies the person as being infected. 
To estimate
 
prevalence, it is necessary to 
examine urine specimens from a samplf of the population.

Th~.s recuires a team of parasitologists and trained technicians to go to the villages to
collect and analyze specimens, and then to record results. An additional aspect of this

problem is that the population may be reluctant to give specimens.
 

Te second measurement problem is that of estimating the distribution and size of snail

populations over time. it is impcssible to count every snail in 
a habitat, especially

given their propensity to burrow into muddy substrata. 
 Thus, there is always a sampling
problen. In addition, the appropriate unit to define the sample could vary with habitat,

i.e., number of snails per square meter for ponds, number of snails per linear meter for
 
canals.
 

7n addition to the difficulty of measuring the prevalence of schistosomiasis in relation
 
to a specific project, ic is 
even harder to measure the specific economic impacts of
schistosomiasis on the infected population. Studies have attempted to 
assess the impacts

of diseases on worker productivity and increases inworker absenteeism due 
to schistoso­
miasis infections . Results have been inconclusive, In Cameroon, infected workers
appeared to cut more sugar cane (Ref. 10). 
 In Tanzania, one study showed that output of

infected workers did not differ from output of noninfected workers, though absenteeism was
greater (Ref. 11). Yet, in another Tanzania study, bonus earnings were lower for infected
 
workers (Ref. 12). In St. Lucia, no 
economically significant effect from schistosomiasis 
was detected (Ref. 1.3). 

These studies lead to the conclusion that: 
 (1)more data are needed before the economic
impacts of schistosomiasis can be estimated accurately; and/or (2) the o-her factors
 
affecting productivity may mask the effects of schistosomiasis. Many items not considered

in the studies cited above need to be taken into account: variation in severity of infec­tion by age and 
sex in different geographic areas; examination of impacts on the communiry
as a whole, not only 
the workers; and external economic conditions indicating what the
benefits to the local economy would be from reducing schistosomiasis. 3ecause adequate
data are not avaijable to estimate accuracely the economic consequences of this debiliat­
ing disease, recourse in project planning must be to express the ob'ective in terms of 
achieving a target level of schistosomiasis prevalence in the project area. 

A rotovDe irrigation orojec: (Ref. 14)

To facilitate discussion of the spectrum of schistosomiasis management strategies, a proco­
t.pe irrigation project in a developing country is posited which, as 
designed in the usual
 
manner, would result in negative side effects on human health. 
 This oroto:ype project pro­
vides the basis for identifying and evaluating alternative schiscosomiasis management
 
strategies as part of the total irrigation project planning, construction, and operation.
 



TABLE I. Examples of increased prevalence of schistosomiasis resulting from 
water resources development projects
 

Pre-projec Post-project 
Country Project prevalence prevalence Schistosome 
(refs.) (yr. completed) (percent) (percent) species 

E&y.pt Aswan Dam (first) 6Z 60% (3yrs. later) S. haematobium 
(Ref. 2) (1906) S. mansoni 

Sudan Gezira Scheme Oz 30-60% (15 yrs. later) S. mansoni 
(Ref. 3) (1925) S. haematobium 

Tanzania Arusha Chini low 50-85% (30 yrs. later) S. mansoni 
(Ref. 4) (1937) 

Zambia and Lake Kariba 0% 15% adults S. mansoni 
Rhodesia (1958) 70% children S. haematobium 
(Raf. 5) (10 yrs. later) 

Ghana Volta Lake low 90% (2 yrs. later) S. haematobium 
(Ref. 6) (1966) 

Nigeria Lake Kainji low 30% (1yr. later) S. haematobium 
kRef. 7) (1969) 45% (2yrs. lacer) 

Iran Dez Pilot 15% 30% (2yrs, later) S. haematobium 
(Ref. 8) Lrrigacion 

Project
(1965) 



in the description of baseline conditc.ons, it is assumed that no activiies speciftcally
dir-ectad toward schiscosomiasis a7:e undertaken. 

Pre-oroiec: conditions. The present population in the procotype projec: 
area is engaged
primarily in subsisrence agriculture, essentially non-irrigaced, including raising a smai-.=umber of livestock -- cows, goats, and sheep. Only a small amount of water is conveyed:rom the river and applied irregularly to a few hectares in the area of the proposed proj­ect. Little of the crop oucnuc is transpor:ed outside of the area. The population isdispersed throughout 
-he prooosed prr ject a-a in small clusters. River water is used fordrinking, personal and clothes washing, recreation, anr watering of livestock. Both house­hold and personal wastes are dis,:aarged directly onto land or into water. The populationis stable with essentially no in- or out-migracion. Both nutrition and litaracy levels
 
are low.
 

The relevanr epidemiologi.-al information indicates that snails chat transmit schiscosomia­sis are presen: i4 the river system. To simplify :he discussion, it is assumed chat onlySchiscosoma haema:obium is endemic 4n the population. P-evalpnce, or :he .ercenc of peopleinfected at any given tnee, is estimated to be 20 percan of the total population. Theassumed approxmate age dis-rtbucion of prevalence, based on represencative informationfrom endemic araas of S. haemazobi.1-, is shown in Fig. 2 (Ref. J-5). 7: should be emohasizedchat the curve is illusracive. The hum.an population naintains the disease cycle by .assin-g
eggs into the water bodies where vector snails are present. livestock are involved in ztans­=IssiOn to the e.tent 
that they may carry snails irom one habitat to another (Raf. IS).
 

Characteristics of orooosed irrizat-on orolec-. 
 The ir: gation project is planned no shu-tthe bulk of produc:,-on :o narket crops of gTa!n and fruit plus 1egues and alfalfa, withprovision for a "tider variec7 of foods for consumption by the target population than occursat present ( 1ef. The17). irrigation system is to consist of diversion dam, main canal,main lateral, field laterals, and drains. The main canal, lateral, and wain drainage
canal are to be unlined but wel. compacted. Furrow irrigation is to be used for trees
and legumes; border check irrigacion for wheat and alfalfa. 
 3oth field irrigation systems
are to be supplied with ,acer by hand-operated siphons. -he irrigation season is normally
to be six :o seven months during the dry season. During the wet season when there are
heavy rains, snails uay be flooded out of some pond habitats and/or flushed out 
 of canalsand drains into the river. Transmission of schiscosomiasis would therefore be seasonal and
peak in t'he dry (v"-igation) season. 

The existing cliscers of villages are to be located both v-ithin and adjacent to the proposedrrigation syszem. Provision of domestic potable water supply 
is not to be a par: of :heproject; thus, river water ­ as a: .present -- and/or canal water would be :he source of
domestic and livestock water. The reservoir for regulation of screazafow to provide water
for the Irrga-ion sys tem is located upstream at a distance such that there is essenTnall7no interact:on bet;een human acztvi--ies around the reservoir and those in the project area(Ref. 18). No '-ig-at4on is e-pec-ed-as a result of-he project. 

Various aspects of the design, const--uction, and operation of an irrigation prcclecc in­fluence the transmission of schiscosomiasis. 'ith to
respect project desi;., deportant.ac-ors are the location of "he i4r-gation project in relation to the locatzon of villages,
the presence or absence of 
domestic potable water supplies, and the design of the ir-iga­tion project in cers of flow velocities in canals and laterals, water storage require­ments, method and frequenc7 of water application, and degree of concinui'y of flow. 
 With
resoect to proJect construction, the materials and oualitv of construction of canals willaffec: :he amount of seepage from canals and laterals, the grading of fields; the qualit'of construct-ion of field laterals and irri4gation r-rows and checks will affect -he amount
of standing wacr. with respect :o nainnenance, :he degree of 
removal of vegetation and
silt from canals, laterals, and drai.s-ill 
 influence snail habi:ats and hence schistoso­miasis transmission. Eigher oflavels maintenance can -esul: in more effic-ient utiLzacionof water as well as 
less habi:ac for snails. "--water is entire!7 removed from the irriga­::on system during the oon-trrtga-on season, schzscosomiasis :trans=ission vill 
be izni­
biced.
 

Side effects o- -oiec: asolanned. 'n order to i!lustrate :he management problems 
asso­::anad wit", sc-.iscosomiasis ana i----igaion, the e.xectad side effects from the oro'ecc, asdescribed above, in the absence of any schistosomiasis management strategy, are dellneatad.Because of increasing recognition that side ef;fects nay be substantial, project planning
snould include an estimation of project impacts on the ecosystem of the area and the sub­sequent effects of those impacts on :he project' populacion. Disease transmission modelshave been developed for 
use in project impact anal7ses ("ef. 19). Estimated changes in thecharacteristics of the natural system and in water related behavior of the project popula­-4on have been linked in these models with baseline prevalence cara :o estimate the extent 
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FIG. 2. -s:imated age-prevalence of Schistosoma haemarobium under pre­
irrigation project conditions.*
 

This curve was based on ore-irrigation and ore-disease control oroject 
data from the Dez project, Iran (F.G.L. Grenliza, Ecoloy of Endemic 
Diseases in the Dez Irritation Pilot Area, Develooment and Resources 
Corporation, New York, 1962, p. 128). The curve Ls illustrative and 
could be derived from data in any area with endemic S. haematobium, 



of project impacts.
 

In any irrigation project system, even with careful construction, permanent side pools are
 
likely to be formed due to 
seepage from the main canal and the main lateral with resulting

development of randomly spaced pools of water. 
 Furrow or border-check irrigation is likely

to result in some standing water, at least at the ends of the furrows and checks. Similarly,

drainage canals will likely have some pools. 
 All the canals, laterals, and drains will have
 
some vegetative growth and some 
sediment deposits even if a normal maintenance program is

carried out. 
Therefore, the project is likely to result in substantially increased snail 
habitat compared to pre-project conditions. 
Because of the proximity of clusters of homes 
to 
the irrigation system, there is greater human accessibility to water, thereby leading to
increased water contact. 
The canals, laterals, and drains offer a readily accessible depos­
itory for wastes, including organic materials. Table 2 lists the human activities involved
 
and the resulting likely points of contact with snails.
 

Estimated impacts of the prototype irrigation project, with no schistosomiasis management,

on prevalence of schistosomiasis in the project population are shown in Figs. 3 and 4.
 
Figure 3 shows how total prevalence in the population is estimated to change over time. 
Figure 4 shows, after three years of project operation and no schiscosomiasis management,
the estimated age-distribution of schistosomiasis prevalence in the population. 71his may
be compared with pre-project age distribution of prevalence shown in Fig. 2 and reproduced

in Fig. 4. The distributions are based on results from the projects listed in Table 1. 
These discributions are given to illustrate how an 
irrigacion project constructed and
 
operated without consideration of explicit measures for preventing schistosomiasis trans­
mission may increase schistosomiasis prevalence over time.
 

MODIFIED IRRIGATION PROJECT PLAhNNrNG
 

Recognition of the potential impacts of irrigation projects 
as planned lead logically to
 
consideration of how the project might be modified to 
include explicitly schistosomiasis
 
management. A management strategy consists of a combination of physical measures, imple­
mentation incentives, and institutional arrangements. In projects described in Table 1,

attention was paid only to 
the first of these concerns, the physical measures. However,

all three elements of 
a strategy are critical and must be considered simultaneously. The
 
choice of a schiscosomiasis management strategy is determined by knowledge of both irriga­
tion and related epidemiological conditions of the disease and the cost and effectiveness
 
of each alternative strategy. The cost and effectiveness in turn are affected by the

social structure and mores 
of the society in which the project is being undertaken.
 

Figure 5 shows 
the sequence of analysis for project planning in which explicit considera­
tion is given to schiscosomiasis. A critical component of 
the analysis is the estimation
 
of the prevalence of schistosomiasis under any given set of conditions. Such a quanciza­
cive estimation, however, requires use of a disease transmission model which is beyond
 
the scope of this paper.
 

The following sections therefore discuss in a qualitative manner sets of physical measures
for reducing the prevalence of schistosomiasis and some of the implementation incentives
 
vhich are appropriate to induce application of those sets. Only minimal consideration is
 
given to the third componenc of 
a management strategy, institutional arrangements. This
 
is not because institutional arrangements are less critical 
- if anything the contrary

is true - but because: (1) the relevant institutional arrangement is country and culture

specific; (2) more empirical researth and analysis needs to be done before reasonably

valid specifications concerning institutional arrangements are possible; and (3) the rele­
vant institutional arrangement must 
encompass more chan the activities relating cc the 
reduction of prevalence of disease. However, a few comments are made with respect to con­
ditions deemed necessary for effective insitutional arrangements.
 

Physical easures for reducing schistosomiasis orevalence 
There are two categories of physical measures for reducing the prevalence of schistosomia­
sis: (1)reducing human contact with snail-infested water; and (2)medically :reating the
infection in the target population. The first has two subcategories: (a) reducing snail 
habitats; and (b) modifying the activities of the target population to reduce contact with
 
existing snail habitat. Table 3 lists possible physical measures which could be applied

.'oreduce the prevalence of schiscosomiasis in the project area.
 

Reducing snail habitat can be accomplished by such measures as: using pipelines instead

of open canals; lining canals 
to reduce seepage; better grading of fields and construction
 
of laterals, checks, furrows, and drains to 
reduce standing water; removal of vegetation

and silt from canals, laterals, and drains; more efficient irrigation; shifting from sur­
face irrigation to spray irrigation, subirrigation, or drip irrigation; use of mollusci­
cides; and application of biological methods (Ref. 20). olluscicide use involves frequent
 



TABLE 2. Human activities and points of humaa-snail contact in
 
irrigation projects
 

Human activity 


irrigation of fields 


Maintenance of irrigation 

system
 

Washing (personal, laundry, 

dishes (see note a)) 


Recreation 


Obtaining (fetching) water 


Drinking water 


Residuals disposal:
 

Personal 


Garbage 


Livestock management 


Human-snail contact points
 

Standing water in fields
 

Manipulating siphons from secondary
 
(field) laterals
 

All canals and drains
 

Laterals (secondary), drains, rivers,
 
sidepools
 

Sidepools, rivers, canals, main
 
lateral
 

Laterals (secondary), drains, rivers,
 
sidepools
 

Laterals (secondary), drains, rivers,
 
sidepools
 

Fields, drains, laterals (main and
 
secondary), river
 

Drains, laterals (main and secondary),
 
river
 

Flood plain of river, sidepools,
 
ponds, swamps
 

Note a: if domestic water is separately supplied, there could be less of
 
a problem for disease transmission.
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TABLE 3. Classification of physical measures for reducing the prevalence
 
of schistosomiasis
 

1. 	 Reducing human contact with snails 

A. 	Reducing snail habitats and/or snali populations
 
1. 	Mollusciciding
 

a. 	all habitats
 
b. 	focal (treating only habitats which are known transmission sites,
 

e.g., which human contact occurs)
 
2. 	Constructing mechanical screening at diversion point to prevent entry
 

of snails into irrigation system
 
3. 	Lining of main canal
 
4. 	Draining standing water in fields and from main canal and laterals
 
5. 	Vegetation/silt removal from main canal, laterals, drains
 
6. 	Introducing predator or competitor species
 
7. 	Piped transport of water to secondary laterals
 
S. 	Increasing efficiency of irrigation
 

B. 	Modifying human activities
 
1. 	Provision of domestic water supplies by scandpipes in courtyards
 
2. 	Provision of laundries
 
3. 	Provision of showers
 
4. 	Provision of swi---ing pooLs 
5. 	Protection (see note b) of water recreation sites
 
6. 	Location of canals and drains away from existing settlements
 
7. 	Provision of boots for irrigators and irrigation system maintenance
 

workers
 
8. 	Provision of latrines and garbage disposal sites in closer proximity
 

to villages than canal, laterals. drains *
 
9. 	Protection (see note b) of animal grazing areas
 

I. Medicallv treating DoDulation with drugs (chemotheravy)
 

A. 	All infected population
 

B. 	Specific segments of the population (i.e., heaviest egg passers, O-to-14­
year-olds)
 

Note b: Protection in this context means physically restricting access to or egress
 
from the area, such as by fencing.
 



reapplicacion because toral el ±narion of snail oopula:ion is i---ossibLe, ei:her because 
par: of :he exis:-_.mg snail population sunr.ves by such means as burowing itco :he subscraca 
or because of a conciaual if!ow of snails from ourside of the area or both ref. 21). In 
addition, :he effec-s of frequent malluscicide use on non-carget species are essencal2. uM­
known. Biological controls are promisiag, especilv where compecing snail species are used, 
but such controls have yet :a be used for large-scale snail control on a long-rerm basis
 
(Raf. 22).
 

Modi!y7ng ac:tvizes of the target population to reduce concac: with snails can be accom.­
l1shed by such physical measures as: providing alce.naive sources of wacer for domestic 
purposes (Ref. 23); providing al:ermative sizes for disposal of wasces from human ac:ivi:ies
ocher than canals, drains, and land surfaces from which :he wastes run off into water
bodies; and limi:iag the contact of workers during zr:gaion and during i.-.garion syst-em
maintenance. The first zwo imly provision not only of po:able drinking water supplies and
latr-nes, but also of laund-ies, showers, and nrocec:ed gwi.=g sizes. := carefully main­
"ained programs, :hese have been effec:ive (Ref. 21). Heal:h and hygiene education are
 
necessar. components of any efforts :o reduce human-snal! habitat contac:. 

Chemotherapy involves the use of drugs to kill :he arasizes in iaec:ed persons (Ref. 25).

Available drgs 
 are fairly eff active 4n ki!ling :he worms but do no: prevent reinfec:ion. 
Wi:h no proohvacc. effec:, cneo:herapv, without use of ocher measures, recu.res :oncinual 
reapplicacion .:maintai a given level of prevalence. Ty i:al shorc-run side effec:s of 

.chemocherapy are nausea, dizziness, and stomachaches: -he efacts depend on the drug used.
7n addi:-on, all of :he infeczed population cannot be reached w.:hou= a well organized
health care deiver7 system. 

Present control orogra=s still rely nrimartly on chemotherapy and =lluscicides for reducing
schistosome infec:±ons i= human ponulacions. Some control programs have :ried a variety or 
combination of measures (Rafs. 26-35). Table 4. shows :he available information on .rriga­
tion pro~ec:s where various ohvsical measures have been used :o manage schiscoso-iasis. For 
=any of :hese projects, ic has been hard to assess ezactl7 what :he effects have been,
ei:her for a single physical measure or a comoinaion of measures. 'Tere some evaluation 
of ercec:s was made, the resulting reduction of prevalence is given. The daca in Table 4,
although limited, suggest :hat use of a combinacion of physical measures appears : De more 
effective in reducin; prevalence :han use of a single measure (Ref. 36). 

Vnat level of prevalence "should" be achieved by a control program in a given area is no:
 
easily snec-'ied. Some low level of orevalence may 
 have li-mied adverse heal:h zonsequences

and nay be substantially easier to achieve :har. zero prevalence. No: doing anm, img, on :he 
ocher hand, may en:al' high medical care costs and possible compoicaions from diseasa. -he 
different sets of physizal measures described below reflec: increasing in:ensi:7 of manage­
men:, increasi g costs, and increased raduc::on in schis:osomiasis crevalence. Because i: 
is difficul: to measure -he noneca-7 benei:~s of reduc.ng schiszosoniasls prevalence, as
described earlier, ocher criceria -­ust be established :or cnoosing among alcer-aa::ves.
 

At least :hree cynes of decision cri:eria may be used. The firs: is a phvsical standard in 
terms of snail ocoulacion, for examnle, no more :han one infeczed snail per meter length

of water channel. Presumably, such a standard would be based on an esi=mace of cne =agni­
tude of infected sma!l 
pooulacion which would keep the prevalence of schistoso=iasis ar or
 
below a target level. A second type is a physical standard defined in terms of prevalence

of the disease in the relevant population, for example, maintain prevalence at the pre­
irrigation projec: level. However, it 
 is '=oorian: to emvhasi:e thar the standard can be

expressed In :arms of overall prevalance in :he popularion, in terms of prevalence by age
 
groups, or both. Wi:h rasec: tc both of 
:nese cri:er: ,.the costs and effeczveness of 
various al:eracives need to be esc=iated :o meet the des%;nace; standard. 3ecause :he coscs
of physical measures can be spec fied reasonably accurarely, tne Least coslI combina:on
 
or measures can be dace~r-ned.
 

A :irc aoproach :L seleccing a management stra:egy is to consider differen: goals, i.e.,
dlffarent standards in :er--s of comb iacions of overall prevalence and zrevalence among 
age 3roups, and ceta-.ne mne least cost strategy :o achieve each combination. Such a
 
procedure enaoles exa-nins how uch i: cos:s :o achnaeve increasingly *c- levels of preva-

Lance. 
 For each level of reduczicn L. prevalence, the incremental cost increases. 
Achievi g zero prevalence is ikely :o be qui:e costl7 and not necessacy :o recuce numan
suffering :o a :nlerable level. Hcwever, i: should be noced chatalso some of :ne physical
measures comprising a management strategy -nh: have ocher additional beneld:s, e.g., pro­
vision of a domestic water supply miht -educe the prevalence of gascroenceart diseases. 
These benefits should be taken in:o consideration 

:able 3 'iluscraces oossible sacs of nnvsical measures to reduce scnlscosomiasiS prevalence
in relation to tne prozoc-oe .:rigalon prc'ecz. These secs include measures unch have
often been :ried and :hose which have rarely been :ried. .he estimaces of :encost ana 
ef:aczveness oz eacn set are ba'-ed on oasr roieczs. such as :nose shown in -ania 

http:ceta-.ne
http:reduc.ng
http:exis:-_.mg


TABLE 4. Physical measures used for schistosomiasis management in selected
 
irrigated areas
 

Country 

(ref.) Set of physical measures 


Japan Molluscicide 

(Aef, 26) Cementing of ditches 


Land reclamation 


S. Africa Molluscicide 

ORef. 27) Used clearing in canals
 

S. Africa Piped water 

bRef. 2) Swimming pools 


Lining dams and streams 

Bridges 


S. Africa 	 Cementing of canals 

(Ref. 	29) Canals located above homes 


Protected swimming pools 


Malagasy Cementing of canals 

(Ref. 30) Piped (borehole well) 


water 

Chemotherapy

Molluscicide (unprotected
 
drains)
 

Sudan Geriza Molluscicide 

(ARef. 3! 


.anzania Molluscicide 

CRef. 32) Chemotherapy (later) 


Rhodesia 	 Mo£luscicide 

(Ref. 33) 	 Partial sprinkler irriga-


cion 

Canals cement lined
 

Egypt Chemocherapy 

(Ref. 34) Snail control 


Environmental sanitation 

(fountains and latrines) 

Mechanical barriers 

New housing 


Brazil Chemotherapy 
(Ref. 35) Molluscicide; where possi-

ble increased velocity in 
canals, draining, sanita-
cion 

Noce c: N.E. = not evaluated. 

Impact on
 
prevalence 


Marked decrease 

in S. jaoonicum 


Not effective 


S. haematobium re-

duced from 79% to 

21%; 5. mansoni
 
reduced from 68%
 
to 3.4%
 

N.E. (see note 	c) 


N.E. 


N.E. 


S. mansoni re-

duced from 50%
 
to 20% prevalence
 

N.E. 


N.S. 


N.E. 


Implementation incentives
 

Provision by national govern­
ment of materials, personnel,
 
equipment
 

None
 

Reorganization of irrigation
 
system management structure
 

Swiing prohibited 1972:
 
State Health Department
 
drew up official policy
 
:or certain areas with:
 
safe domestic water supply
 
latrines, safe 	recreational
 
facilizies
 

Cooperation between public
 
health and irrigation
 
personnel
 

Provision by national govern­
ment of resources for control
 
program
 

None reported
 

Legislation
 
Ministry of Health 
advisory and supervisor 7 role 

Special government units for
 
chemotherapy and snail con­
crol; trained personnel­
health education; integrate
 
schistosomiasis control into
 
other health services --

Society for Control of
 
Schistosomiasis
 

Department of Rural Endemiz
 
Diseases (training courses,. 
provision 3f moiluscicide, 
establish prior-ites); co­
ordination of ?ublic health 
and irrigation officials; 

health education 



TABLE 5. Selected sets of physical measures for reducing prevalence of
 
schistosomiasis: Qualitative management requirements, costs, and efffictiveness
 

-ffectiveness 
Management in reducing 

?hysical measures used requirements Costs schistosomiasis 

Set No physical measures None None None 
explicitly for 
schistosomiasis 

Set I Molluscicidig all Trained opera- Low investment, Low 
sites tors, local 

workers 
high mainte­
nance costs 

Set ill Chemotherapy for all Doctors, local Low investment, High shor:-term;
 
workers high mainte- low long-term
 

nance costs
 

Set IV Chemotherapy for all Doctors, engi- Medium inves-- Medium
 
infected persons; neers, local ment, medium
 
mechanical screening workers maintenance
 
at diversion point; costs
 
dra.nage facilities;
 
vegezation 	and sil:
 
removal; improved
 
irrigation 	efficiency
 

Set V 	 Focal mollusciciding; Trained opera- Medium invest- Medium 
provision of domestic tors, engineers, ment, medium 
water supplies; procec- doctors, local maintenance 
tion of water trcrea- workers costs 
tion sites; provision 
of boots for irriga­
tors and irrigation
 
system maincenance 
workers; chemotherapy
 
for specie ic segment
 
of infecced population
 

Set VI 	 Mollusciciding all Doctors, engi- High investment, High 
sines; mechanical neers, zrained high maintenance
 
screening at diversion operators, local costs
 
point; drainage; vege- workers, health
 
ration/silt removal; educators
 
provision of domestic
 
water supplies, laun­
dries, and showers;
 
provision of latrines
 
and garbage disposal
 
sires; targeted chemo­
therapy
 



The irrigation project with no explicit schistosomiasis management scrategy comprises the 
base situation, termed Set I. Under this 
set, the endemic nature of schfsto,:orla.sis trans­
mission would be changed from a steady-state situation to one of diseuilibrium. With no
physical measures, snail habitat and human contact with snails would increase. Prevalence

in :he project population would likely rise toward 100 percent, but 
probably would never 
quite reach 100 percent because of acquired immunity or because some individuals have little 
water contact. This situation would entail increased medical care costs if those infected
 
sought out treatment. 

Set II is comprised of a single physical measure, the use of molluscic.des on all habitats.
Although this measure would conceptually be easy to apply, its effecciveneEs is likely to
be quite low over tne. .As noted previously, snails can survive successive molluscicide
 
applications by burrowing into muddy bottoms 
or banks. To be effective, frequent and
 
thorough surveillance would be necessary, usually followed by extensive reapplication of
 
molluscicides. Because there were 
infected persons and infected snails in the pre-project

population, unless Lll snails were ellminated, prevalence could rise under this set.
 

Set iT also is comprised of a single physical measure, chemotherapy for all infected in­
dividuals in the ?roject population. This approach would immediately reduce prevalence

levels. 
 However, because snails would continue :o :hrive in canals and other waters, and
 
people would still have contact with the water, orevalence would likely rise over time.

in addition, because drugs do not confer iunity, even :hose treated would be 
likely to
 
be reinfectei.
 

Set !V is comprised of: the=otheraoy for all infected individuals, before and 
after project

construction; mechanical screening at the diversion point limi: the
to introduction or
 
snails from the river into :he irrigation sysr.em; more careful grading of laterals and
 
fields to 
reduce standing water and enable more efficient irrigation; and continual vege­
tation and sil: removal. Continuing use of both chemocnerapy and engineering measures has
 
not usually been tried in schiscosomiasis managenent programs. 
 Because enzineering mea­
sures 
could permanently elimLnate snail breeding places and because chemotherapy is effec­
:ive in killing parasites, prevalence would probabl" 
over time be reduced below that prior

to 
the project. However, ony with careful sur.e!ance of the system, and checking for
 
and treatment of infected persons, would that lower level be maintained.
 

Set V is comprised of: focal mollusciciding, i.e., aollusciciding of active trarsm.ission
 
sites or high potential contributors of snails to :le irrigacion system: provision of
 
various facilities to modify human activizies to reduce contac: wizh snails; ai-dchemo­
therapy for selected segments of the population. 
 Domestic water supplies woukl be provided

without changing the locations of the canals and laterals. Targeted treatmen: 
of the proj­
ect populacion would limit egg contamination of canals and other waters. Use of focal mol­
lusciciding and targeted chemotherapy reoresents an attempt minimize the public health
to 

activity necessary to achieve desired schistosomiasis prevalence levels. These 
ro measures

combined with the orovision of alternative water facitiies should gradually reduce 
preva­
lence to some low level. Set V would likely have similar results to 
Set IV, Decause human
 
contact with snail habitat is limited in Set iV by the er=manent eliminazcon of the habitat
 
and in Set V by the provision of domestic water supplies. sets
2och require continua.
 
maintenance programs.
 

Set VI is comprised of: mollusciciding of all habitats; mechan:-cal scree.nIg at the
 
diversion point; drainage facilicies; vegetation an,. silt removal; provision of domestic
 
water supplies and ocher water-related facilities; provision of swimming pools; provision

of latrines and 
garbage disposal facilizies; and targeted chemccherapy. This comprehen­
sive set of ohysical measures has not been used in any schistosomiasis management program,most likely because of its financial and organizational requirements. its use would lower
schistcsomiasis prevalence 3radualli 
over time. If ini:taced at an early stage of the
project, its use might possibly reduce :he prevalence of schiscosomiasir to very low levels 
rapidly and then maintain those low levels over time. Schistoscmiasis would no longer be
 
a publio health problem.
 

in a "real world" project planning context, 
more specific inrormation is needed on
 
costs and effectiveness of physical mUasures. Although project planners and the relevant 
decision-makers -- local and national -- ma" have established a target or desired level 
of schistosoo-asis orevalence a, the star: of oroiec: olanning, :hat target level might

well be modified after the anails 
of :he cost and effectiveness of alternative sets of

physical measures 
and the associated imlementazion incentlves and institutional arrange­
ments. 

imolementation incentives and insttuzional arraneements
 
installation, operation, maintenance, and continued use of 
a given set of physical measures
 
to reduce the prevalence of schistosomiasis a:e not automatic. 
individuals responsible for 



or involved in operating the irrigation system must be induced not only to 
construct the
 
physical measures for schiscosomiasis management, but also 
to operate and maintain the physi­
cal measures over time. individuals living in the project area must be induced to change

their behavior patterns. Inducing action and 
changing behavior requires both cul:urally

sensitive implementation incentives - :hose instruments, techniques and procedures which
 
induce individuals, groups, agencies to act 
- and institutional arrangements. The latter
 
are the organizational -:.uc:ure, formal 
or infor-mal, which has authority and responsibility
 
for imposing implmencation incentives.
 

Implementation incentives can most usefully be 
considered in relation to: (.) the various
 
elements of an economic development project; and (2) the levels of agencies -- governmental

and non-governmencal -- typically involved in such 
a project. One characterization of the
 
elements and levels is shown in Table 6. The parentheses in the table indicate that 
the
 
designated level agency may or may not be involved in the respective element, 
but could be. 
External agencies include both governmental and non-governmental agencies: international 
agencies such as 'BRD and the special U. N. agencies; individual councr "foreign aid" agen­
cies, such as U. S. AID; and private foreign aid agencies, such as :he Swiss Helvetas. 

.he implementa:ion incentives component of a management strategy 
can now be defined more

specificallV: what implementacion incentives can be applied a: 
which levels of government

in relation :o which physical measures to 
reduce the prevalence of schistosomiasis in rela­
:ion to the proposed irrigation project (Ref. 38)? 
 Table 7 contains a partial listing, a
 
listing which is .eant :o be suggestive, not exhaustive. 
 No a::te=: has been made to fil
 
in all the relevant boxes. 
 On>y a few of the indicated implementation incentives will be
 
discussed, for ilustration; :he entries in the table are 
basically self-explanacor,.
 

The "power of the ourse" is an effective incentive 
in many cultures. For example, loan
 
funds could be made concingent upon incorporating the analysis of project impacts on the
 
prevalence of schistosomiasis and upon incorporating a schistosomiasis management strategy

in :he project. The effort since 1973 by the World Bank to evaluate potential impacts of
 
irrigation Projects on schis:osomiasis transmission is an imoortant first steo in this
 
dcrection (Ref. 39). ?rovision of cechnicaL assistance for analysis of impacts and for
 
the develovmen: and evaluation of al:ernaL±ve schistosomiasis strategies would constitute
 
an additional incentive.
 

A major problem in inducing action involves the perception of the problem on the part of
 
the population a: risk, both with respect 
to the existence and effects of schistosomiasis
 
and :he options for reducing prevalence. The individual may not recognize either that he
 
has :he disease or what the effects of the disease are on 
himself. The physiological state
 
of the individual is affeczed by multiple factors, including nutri:ional level. He may or
 
may not be able to associate his physical state with a specific cause. Si-ilar symp=oms
 
may be caused by more than one type of stress.
 

Even if there is perception on the 
part of the individual -hat his ohysiological condition,
 
e.g., debilitation, is the resul: of schiscosomiasis, i: may not be easy to induce him to
 
ini:tiae and continue actions which will 
 eliminate his infection. For example, fur chemo­
therapy to be effec:ive, repeated crearment is generally necessa-
 because of reinfec:ion
 
(Ref. 
40). But if there are short-run side effects of chemotherapy such as nausea, vomit­ing, dizziness, abdominal Pain or cramps, and headaches, the individual may consider that
 
having to undergo such side effects for several days every few years is worse than having

the disease. Because schistosomiasis is a chronic disease, such considerations present
 
very real difficulties to chemotherapy programs.
 

At least two implications follow from the problem of Perception. First, because it is the
 
affec:Ld population which must be induced to 
act over time, involvement of :he acceoted
 
leaders of that poulation in :he planning process is probably essential in order :o 
achieve
 
a reasonably high level of desired action. 
 f :hose leaders can be convinced of the oroblem 
and how it can be handled, they in turn can help convince the ofrest the affected oooulazion
 
of :he necessity for certain actions. 
 A health and hygiene education program can help to
 
explain how schistosomiasls is transmitted, what its effects are, 
ho, potable water suoolies
 
help reduce transmission, and how :o 
use and maintain water supply and waste disposal sys­
tems. However, although an 
externally provided health education program is necessar:, it 
is not likely to be sufficient. 
 Approval by :he local power structure is a necessary con­
dition ;or :he success of such a program. Such has been the experience in St. Lucia where 
:he provision of Yater supplies, the use of health education, and the involvement of :he
 
local population led :o reduction in schiscosomiasis prevalence from 50 percent 29 per­:o 

cent in three years (Ref. 41).
 

Second, although the monitoring of perfor=ance and the imposition of sanctions, penalties,

and rewards for performance could conceptually be carried out at the 
local level, generally 
a higher lavel of goveruen: - as well as the local level -- must perforn these functions. 
Thus, -he national - or regional or state -- government would have :o have the responsi­
oilitv for monitoring :he snail habitat, the prevalence of the disease, the condition of 



T.3UL 6. Elements of and levels of agencies which could be involved in
 
schistosomiasis management programs
 

External 

agencies National Local 

Project planning x X (x) 

Project financing x X (x) 

Project construction/installation x x 

Project opera:ion/naincenance (x) x 

Projec: monitoring (x) x x 

Note d: The parentheses indicate that the designated level agency may or may not be 
involved in :he respective element, but could be. 



TABLE 7. Implementation incentives in relation to project elements and levels of
agencies involved in schisrosomiasis management programs
 

External agencies 


Project planning 	 Provision of technical 

assistance; development 

of guidelines for analy-

sis of impacts and of 

schistosomiasis manage­
ment strategies 


Project financing: Specification by financ-

construction and ing agency that financ-

installation ing is contingent upon: 


(1) explicit analyses be 

made of impacts on
 
schiscosomiasis;
 
(2) local individuals
 
who will be responsible
 
or project O&M, in­
cluding schistosomiasis
 
management, be integral­
ly involved in project
 
planning; and (3) schis­
tosomiasis management
 
strategy be incorporated
 
in project plan
 

Project construc-

Vion/installacion 


Project operation 

and maintenance 


Project monitoring 


National agencies 


Promulgation of require-

ments for impact analy-

sis and of guidelines
 
for such analysis
 

Requirements of includ­
ing responsible local
 
individuals and person­
nel from health agency
 
in project planning
 

Financing of potable
 
water supply, laundry,
 
waste disposal facili­
ties
 

Provision of construc­
ion inspection by
 

nealch authorities
 

Provision of :raining 

to local individuals 

in O&M of irrigation 

system, including 

schistosomiasis man-

agement 


Provision of continu-

ing health education 

program for target

population 


Provision of free 

chemotherapy 


Provision of free
 
molluscicide
 

Payment cf bonus for
 
performance, i.e.,
 
based on snail popu­
lation, degree of
 
removal of vegetation/
 
silt from canals
 

Provision of survey 	teams:
 
(I) before and after no!-

Local agencies
 

integral participation
 
in project planning
 

Prohibition by local
 
oridnance of disposal
 
of wastes in canals,
 
laterals, river; pro­
hibitin; vacar recre­
anion in canals,
 
laterals, drains (as
 
long as alternative
 
provided)
 

Continuation of pro­
gram of persuasion by
local power structure 
to induce compliance 

lusciciding; (2) for random 
inspection of irrigation 
system maintenance (3) for 
random inspection of irriga­
tion ac:ivi:y, e.g., to 
check on -earing of 	boots
 



the irrigation system, e.g. , main canalf laterals, drains. Of course, monitoring per se
 
provides little, if any, inducement to action. Therefore, there must be some associated

penalties or rewards related to non-performance or performance. For example, the workers
 
responsible for measures 
to reduce snail habitat might be given a bonus for each percentage

reduction in habitat below a given level. 
 This kind of multi-level program has been tried

in modified form by the People's Republic of China where bonuses 
as vcll as political pres­
sure has led to successful control of schiscosomiasis (Ref. 42). 

Appropriate insti:utional arrangements 
are essential for use of implementation incentives
 
combined with the chosen set of physical measures. Different implementation incentives may

be used with a given physical measure; a given combination of physical measures and imple­
mentation incentives can be carried out by different institutional arrangements. Because
 
institutional arrangements are country and cIture specific, no attempt is made herein to
 
suggest specific institutional arrangements.
 

However, certain conditions are essential for an institutional arrangement to be effective.
 
One, responsibility and authority to 
carry out the soecific activities relating both to
 
irrigation and to schistosomiasis management must be defined and assigned. 
 Two, both the

relevant irrigation agency and the relevant public health agency must be involved 
as part­
ners. Such a partnership has rarely existed. Cooperation must be in terms of integrated

action, not in terms of inter-agency memoranda. Three, proposed irrigation projects ­
whether funded totally by :he country or wizh support from outside donors should be
-
reviewed before being approved by a committee consisting of irrigation managers, public

heal:h personnel, and individuals from the local formal and/or informal power structure. 

CONCLLfDLNG COK.NTS 

Substantial evidence exists that some 
types of economic development projects have resulted
 
in unanticipated adverse side effeczs. Irrigation projects resulting in increased preva­
lence of waer-related, water-borne diseases comprise one 
type of example. The failure
 
to consider these side effects, and to 
 provide explicit management strategies to reduce
 
them, can reduce the economic productivity of the development project and detract 
 from
 
:he general well-being of the project population.
 

.his paper has suggestr components of management strategies and their incorporation inproject planning Zn order :o 
reduce adverse side effects of irrigation projects. To
 
achieve such reduction clarly requires changes in 
 both project planning and project exe­
cution.
 

First, in project planning explici estimates must be made of: (1) the impacts the pro­
posed project vill have on the relevant ecosystems in the project area and on the intro­
duced ecosystems; (2) the effects of the project on :he water-related behavior pacterns
of :he project population; and (3) the effects of both on the foregoing on prevalence of 
disease. Such estimates must be made regardless of how rudimentary knowledge is on :he 
underlying ecological and human processes. 

Second, management strategies to mitigate the adverse consequences of economic development

projects should be sought in terms of effectiveness in attaining certain goals in relation 
to incremental costs. incremental costs will almostcertainly increase substantally as
100 percent absence of infection is approached. For project planning, several target levels 
of prevalence should be specified, and the costs of alternative management strategies to 
achieve each target estimated. 

Third, the consequences of infection in humans is not 
simply a function of the presence of

parasites and vectors, but also of nutritional level and already present diseases. To re­
duce the prevalence of a given disease, such as schistosom.asis, to 0 percent, requires 
measures directed to more than the single disease, and which may have benefizs beyond only
controlling schistosomiasis.
 

Fourth, a strategy for managing schistosomiasis - or any other vector-borne disease or 
any other adverse environmental consequence - consists of three essential components:
physical measures for reducing :he prevalence of the disease; implementation incentives 
to induce the carrying our of :he physical measures; and institutional arrangements which 
allocate the responsibilit4r for imposing the imlpementacion incentives on the relevant 
actors. These three components must be considered simul:aneously. There may be several
 
different implementation incentives 
for a given phys:ca! measure; there are likely to be 
differences in the applicability of various implementation incentives in different cultures, 
The same is true for institutional arrangements. 

Fifth, agencies at different levels - local, national, -nternational -- are usually in­
volved in water resources projects, in one or more of :he activities comDrising such
 
projects - planning, financing, construction, operation. Different itmlementation
 



incentives may be applied at 
:he different levels, but the- must be consistent.
 

Sixth, although conceptually the monitoring of project performance could be carried out 
at
the local (project) level, it is very likely that monitoring and enforcement (imposition
of sanctions) will also have 
to be carried out by the next higher level of government.
 

Two important deficiencies in the planning and execution of water resources projects 
in th­past have been the failure to analyze explicitly the possible adverse side effects of such

projects and the failure to 
incorporate explicitly in projects the implementation incentives
and institutional arrangements necessary to iniciate, operate, and zaintain the projects
over time. 
To reduce the adverse side effects of such projects, more rigorous field moni­toring and subsequent analysis must be done to determine which combinations of physical mea­sures, implementation incentives and institutional arrangements are most effective in
achieving the desired reduction in adverse health impacts in differenc cultural contexts.

This paper has attempted to suggest procedures for improving the planning and execution of
 
water resources development projects.
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