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FOREWORD 

Development of water reSOUrces is increasingly 
important to many developing countries. In 
many aweas the development of new or exl)an­
sion of existing irrigation systems is essential 
for greater fod production. Unfortunately the 
environmental changes resulting from c01st ruc­
tion of dams, man-made Iakes, irrigation and 
draining systems, flood conlrol w(orks, and 
other wa?.r resources de.ehi)-mpent can bring 
burdens as well as benefits. Too often these 
burdens incdudc ilcreasedl incidence of serious 
human (liscases such as schistIsomriasis, 
bilharzia and malaria. 

These (liseases are neither new rin( MysterioLis. 
Existing knowledge and engirinerir tIchnolgy 
offer many opportunilies t) contrr r or at least 
to niitigahi. hec dangers of Ihese irun-inade en­
vironnienal changes, provided that health 
implications are re(ognized and taken into 
accounl frolm theC earli(s lIlaning stages and 
the neressary (onrol imleastlrew incorporaled 
throughout ch1 stage of water reSOUiCe 
developileilt. 

l)evelopment of wa,tr utirc, i, generally 
enitrusItcd to engineers. In this mon()graph, Pro­
fessor Niclunkin, himself an1 engin(er, o1utlines 
and warns his c( lheagues of the many implica­
lions that vater resriulrc( devePioment Cai 
have On hLumilan health, especially in the Iranis­
mission of schisiosonisik. lie also describes 
whal engineers (all ((o ti (otrol schistoso­
miasis and other waler-related, vectl r-horne 
diseases. 

In c(r si heral h (leg ,e "schistiiiriPiasis engi­

neering' N, iily gon cl (, lenerin cg prpinerly 
applied. It .o. ults iii effective measures of 
disease control to ihe henefit of all. 

I),inilI fixrrkit 

A~lliill ,lliI~p
 



ACKNOWLEDGEMENTS 

The preparation of this report was made possible 
through the generous cooperation, assistance, and 
hospitality extended its author by engineers, scientists, 
physicians, librarians, administrators, and others in many 
lands. Special acknowledgment must go to M. M. 
Agamieh, Cairo Cornpanly for Ihlusing and Urbanisation; 
Dr. N. Ansari, formerly World I le, ihOrganization 
(WH(), Geneva; Naiib A'ad ('aini; Dr. 
Frederico S. Barboisa, Universidadte de Brasilia; Mrs. I. 
Bernard, "11-1O, Gem. \ a: Zin I1.Buz , formerly WHO, 
New Delhi; A. W. Chouldhiy, National Irrigation Board, 
Nairo)i Dr. Bonifacit) C. )a;'_ , \VI 10, Indonesia; Dr. J 
Deorn, VHO, Geneva; Dr. V. M. Fakuze, East African 
Institut' for Medical Resear(ch, NIwanza; Dr. N. G. Gratz, 
WHO, .,eneva; FI. H. S.(Gear,South African Institute 
for Medico P,'search, loiaNinesburg; and Paul Hebert, 
Near Fast Foindalion, Iran. 

Dr. Lee M. Howard, Ageny fiir International Develop­
ment (AID), Washington; I r. William R. johin, Rumford 
River Laboratories, F('r\I)(. 1, lass.; Iloyd Kinutson, 
Smithsonian Inst itut ion, \Va~.hIngtOl ; Dr. C. R.lones, 
WHO, Accra; ). B Kraatz, Food and Agricultural 
Organization oi the United Nations (FAO), Rome; Dr. 
Margaret Magendan tz, East African Institite for Medical 
Research, Mwanza; Dr. Emile Ialek, Tulane University; 
Prof. Gerrit v. R.Marais, University oif Cape Town; Dr. 
Fergus McCulloitgh, WHO, kMwanza ; Theodore W. 
Mermel, U.S. Bureau of Reclamation, Washington; Dr. 
Desmond C. Midgley, University of the Vitwatersrand; 
Dr. Ahmed IFlafez Mousa, Cairo University; Dr. Andre L. 
Molle, FAO, Rome; Dr. Louis B. Olivier, formerly WHO, 
Geneva; Ragnar Ovelby, World Bank, Washington; and 
Dr. Robert I. PitchfOrd, South African Institute of Medical 
Research, Nelspruit. 

3 



Also I. I . Quarley, Volta River Authority, Accra; 

H. A. Rafatiah, Wl I1, Gieneva; Dr. David Scott, Accra; 

Dr. Clive Shiff, Blair Reearub Laboratory, Salisbury: Dr 

Joseph Stocka rd, AID, Washingto)n; (GlaIwin Unran, 
, St. Iucia; Dr. I. S!.G. \\armann,Rockefeller FOUO(laloM 

Volta River Authority, Accri; Robin \Welcoile, FAO, 

Ionlon School of I lygieule and
Rome; Dr. (C.Webbe, 
Tropi(al Medicine; Dr. \Willard II. Wright, \Vashington; 

Mid Dr. Fou'ad Youif, National Research Center, Cairo. 

I particularly apl)reciate the eoi(tiragoifleilt, assistalnce, 

ieviews, and the patience of A. Dale Swisher, AID, 

Aashington. 
was supl)orted hy the Office

Prelparation of this repo 'I 

of I-health, Technical Assistane Bireal, Agency for Inter­

national Developlment, under Ieums ot Contract AIl)/csd­

'1888, Task Order No. 9. 

4 



BACKGROUND 
Environment and Development 

The current concern with the hunan environment
 
arises at a time w!en the developing countries are
 
becoming increasingly devoted to the goal of develop­
rnent. Yet current concern with environmental issues has 
been fostered in large part by the environmental 
problems that have acco(mpanie(l ecnmiflcclevelop­rient in the industrially advance( counLries. Rapid
multiplication of industrial and agricultural output;
massive urbanization; escalating demands for energy;
creation of complex translportation networks on land, 
sea, and air; la.ge populatiton increases, an(l growing
demands on fixed natural Iresources have too often 
resulted in serious '-nivironm ental ihaza rds. 

The developing coiL tries obviously dio not Want to 
repeat the historical mistakes of the industrialized 
societies. However this does not imply, in the words of
World Bank President Robert S.McNamara, "that late­
comers to the devWel)pment process must forego indlus­
trialization and technological adlvance. That would mean 
stagnation. It is easy enough for the wealthy to roman­
ticize aboul th1e supLposelicharmi of pretechr,, logical
society. The plain fact is that there was nothing pretty
at al abo:lt tile SClualid poverty that the common man 
had to endure in the pretechn ologica! period in what 
are now the affluent nations. Vor the vast majo rity it was 
a life of destitutinn and (isease." M -Nanara further 
suggests that "human degradation is tle most dangerous 
polluntan t there is." ThI, F(unex Report oin Developmentan( Environment (prepa red for Ihe Stockholm Con­
ference on Ihe Envi rol1iiient) suggests that "(eveloping
countries mLust view Ile rclationshi p belween develop­
men and environment in a different perspectlive. In their 
context, rlevelopment Iecon Ies essentially a cure for 
their major en'ironmental proble ." 

I lowv'ver, many environ mental problems arise from tile 
development process itself. [liese problemi though 
possibly of lesser significance in early tagcq of develop­rnent, are likely to increase in impoirtance isthe process
of develoiment gains moment!i1m. FortLIna tely, many
adverse envirmnmental effects might well b!.avoided, or 



at least miltigated by environnentally sound planning, 
design, C(nStructionl, awl operation. 

vhis public] tioln atlempts to identify health-related 
water iesources development in

environmenta'l effects iOf 

the developing countries. Atteiltion is focused primarily 

oin water resolurces develOpment which changes the 

th ough spatial and temporal reloca­
natural env0,ironlent 
lion Of surface water as exempilified by the man-made 

lakes, canals, channels and changes ill nattral flows 

associated ,vith irrigation and hydroelectric projects in 

fisheries, roadway and agriculturalparticoular, and withI 

drainage, navi gation, recriation, water supply reservoirs,
 

and (Oher water-related projects.
 
Although strictly speaking, community water supply
 

resources development activities,

and sewerage are water 

a primary poorpo)se of their develh)l)ment is improvement
 

development
Of the Ipll)lic: health. Other water resources 
ora specific, non-health purposeis generally directed to 


lu rposes. irrigation for example, and health effects,
 

favorable or not, are secondary.
 

Iopulationawd Water ReNource, I)e, ,elopmenl 

h(' wOrldl in '1970 was estimated at
lhe )OI)L, ation of 


some 3,500 million of whom 71 percent live in rural
 

areas or small towns with fewer than 20,00 inhabitants 

About 8(0 )ercent of the pO)lation of the
(See Table 1). 

developing countries live in rural areas or small towns.
 

(See T ible 2).
 

POPULATION PROJECTIONSTABLE 1. WORLD 

(Lower Estimate)
 

Rural 

World Rural populationTotal World 
.is( uofla totali n 

population populationa pop oYear (m illions) (mnillions) t

1970 3 572.5 2 545.4 71 

1980 4231.9 2 847.3 67 

1990 4 938.0 3 123.2 63 

2000 5 670.4 3 378.1 59 

Uniied Nation% I'opulation l)ivision (1116i Unpublished docu
Source: 


nmeni.
 
SIncluding rural t)optlaion living in communities of less than 20,000. 
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TABLE 2. WORLD RURAL POPULATION PROJECTIONS
(Lower Estimate) 

In lort' Inlh"'',World Ru~ral develhoped dIv.,ct'ld1,)(
 

r(gfufTYear popl (I)tion -1)nr -,a 3g)d,a,ofh
( 11l
 

"1970 2 5454 
 538.8 2 006.6 79

1980 2 847.3 545.7 2 401.6 81
'1990 ', 123.2 548.6 2 S574.6 82
 
2;0) 
 3 378.1 550.1 2 828.() 84 

Sourc.: Unite(d Nation, l'op lalio[).kion 119(,',)Unpubl.bed do(L:­iunt. 

a \fric,, A\sia (excluding Jipan , (iinhl \mcma, suih \nw'ri(a
(excluding temperate /ori), i',:(
I i,,i)i luding .\ur.iia allot New 
Zealand).
 

The rapid growh o1 world po)pulation iswell-known 
and isdrarnatically illustrated in Figcure 1. Even under 
optimistic assumitions regarding )irth (ontrol, world 
population will increase by over 2,000 million people by
the turn of the (enur'.

If fulf'ilimnl l)fMalhisiall Irl)IeciVs isto hP avoideld,
then this larger popLllation must Iho fed. During recent 
years S)ecacular pirogress lis been made in increasing
wheat, rice, md maize pordction in several of lhe most
popul)us countries of souther,,Asia, where widespread
famine appeared ine\'itable only a ftw years ago. The 
popular press has reconi/zd this pgram bhv the term"Green Revolution'" and MuchI has been written ahoul 
the new cereal varielies. Norman Borlaug, awarded a 
Nobel prize for his role in the Green Revolution, points
out that "it must he enl)hasized that thus far the i,,real
increase in i)oduction ha,; 1,) in irrigated areas.'' For 
example in India durin the,1(-909-70 (rop '-eaisoni, 70,0((0
private ilihewells were sunk vw'hichi hroughl ahOII '1.4million he(:tares o1 adhli(hmal land under -(mntrolled 
irrigation.

The International (ommis,,ii n on Irrigatio and )rain­
age eslimates that, w rdi Vihe, a crea otinder irrigation 
has grown steadily (See Table 3). 

The race hetween i)oplulation growth and irrigation is 
strikingly shown in Ihe case of E:gyp't where (espite many 
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Figure 1 

THE WORLD'S
 
POPULATION GROWTH
 

BILLIONSYEARS 

7 

1993 6 
1990 6 
1984 5 
1980 12 
1975 4 
1970 1=;
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1500-1950 680 

TOI180
16301850 
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Source: AID FIGURE 1 



TABLE 3. LAND IN IRRIGATION 

Year 
Irrigated Land 

in Millions of Acres 
"1800 
1900 20 

120 
1949 230 
1959 370 
1969 
"potentially irrigable" 

500 
-1,250 

Source: Framj and Mahajan (1%). 

increases in irrigated acreage, the per capil , share of the 
crop area has decreased from (.69 acre ill 1897, to 0.52 
acre in 1937, to 0.42 acre in 19-17, to 0.4(1 in 1960. The
Sadd-el Aali (Aswan I ligh 1,am) will hring 1,195,99(0 acres
of new land tinder irrigalin and (onvert 726,49) acres of
land from basin (flood) h, perenmial Irri.,ation. But with­
ouL population control Ihe 1ard p(r capita will continue 
to drop. 

Table -1illustrateS the large land ,rea iot presently
cullivated, I)1U potentially arablc. ' lie largest remaining
lncullivated but arale laends are in Alrica and SoLulh 

Amieric(a.
Many devel(l)ini,countrieS are una)le to opliriially

ultilize p0otenlially arable land due to Ihe iresence of
vectol-bofrne diseases Slch sI Iaria, I rvpa niosonliasis 
(African sleeping sicknessi, and onchocerciasis. 

Hislorically malaria has preclutded land developmen
where natu ral (oridilions permitled the )leeding of
rnosquiltoes under condili(ins which permittrl a high
potential for transmission. Anlt-malaria programs havereclaimed the foolhill area of north India and agricul­
turally productive plals in Thailand. Major settlement 
population in Ihe inland hilly malarious areas of thePhilil'"iines has been possible only since major reduction 
of the parasite reservoir occurred within the general 
population. 

Much of Central African larid is Unused due to tietsetse fly and the sleeping sickness which ittransmits. 
Agricultural efforts at vector control are being attempted
because of the adverse effect of the fly on cattle. 

9 



Forty million West Africans are precluded from farming 
fly and the 

fertile river valleys because of tle Simul iurn 

it transmits. The frightening complica­
filaria-like worm 
lion of this disease., which has very little mortality, is 

blind ness from migration of the parasite into the eye. 
migration

Figure 13 illustrate!, onchlocerciasis-iIduced 

away from the Re'd Volta and White Volta Rivers in north­

(astern Ghana. 

LAND ON EACH CONTINENT,
TABLE 4. "CULTIVATED" 

ARABLE LANDWITH POTENTIALLYCOMPARED 
AREA IN 1Ht I()NS OF ACRES 

tIP(WIiall, "CuLt1IateCl"aralelotlalCcontinlont 

0.397.A 1.81Africa 1.281.556.76Asia 

Australia and
 0.040.382.03New Zealand 0.380.431.18Li rope 0.591.155.21North America 0.191 684.33South America 0.560.885.52U.S.S.R. 

3.437.8832.49Totals 

SMur(: IHoward 1 970).
 

In summary it can be said that additional millions of
 

acres will, and must be brought under irrigation in
 

coming yeats.
 

Dam, and Reservoirs
 

Inasmuch as millions of acres of land will be brought 

under irrigated cultivation in coming years, the construc­

tion of many new dams and reservoirs is inevitable. In 

addition to storing water for irrigation, dams- will be 

constructed for purposes of flood control, water supply, 

fish propagation, navigation,and hydroelectric power 
be

generation. Construction of p)wer dams can .nly 


accelerated by increasing costs of fossil fuels.
 

Threrof the world's laigest darns and reservoirs were 

constructed in Africa during the 1960's: Kariba Darn and 

er, between Rhodesia and
Reservoir on the Lambesi K 

Zambia: the Aswan High Dam (an earlier, lower dam 

10 



was built in V)02) on the Nile, and its reservoir, Lake
 
Nasser, flooding upiper Egypt and Iower Sudan; and
 
Akosombo Dam and lale (elt,i on thelt'\la River in


,


Ghana. Kariba and Akosomlbo were hulilt primarily for
 
powr production, A\wan for power and for irrigation.
 

) 

FIGURE 2 
KARI!mA tlt /\\c) II lIIs RIVIR .\IRI(.) 

According to the International Comission (o Large

Dams, over 350 dams greater hanO50 feet in height comc,

into existence each yemar, 
 j(ining an invenhmry of 10,000 
to 12,000 such dams. Such migh ty river asins as the 
Arnazon, the Congo, and the, ,.Kong have hardly leen 
apped. 

"Ecologhal I lorror StorieC" 
Large water resqour(es pu ieuts have been frequly

attacked in the popular !)rcs as environmental "disas­
ters", "boomerangs", and "horror stories", perhaps none 
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Super Dams: 
The Perils of 
Progress 

Condensed fron TIE ATLANTIC MONTHLY 

CLAIRE S1I':RLING 

H'AT HtAPPENSW hen we dar Huge man-made lakes were sup­
the flow of a great posed to mean instant advance for
 

an 
river and create 


inlse body of developing nations. Too late we are
 
water wvl.erc learll ing tlh,tIhey can wreak social
there 


rl
 wa~s tIlne before? 
Not enough thought WI(I c(ological havoc 
was givcnito this 

in the lo5s and h1una. the way of lice IFurall the pco­
ecological (licstio" 

ple who lived oil the laId blfore the
'6os . dozens of big darns wet't op 

It to (;han, Egypt to lake came, the fiirtility and salinity 

big datms of th %oildrwnstre:'n, the pressures.,.t 
on the earth's crust andthe! tentuc icy 

.,,r.artluiI:ikt's :1n1dltd-
A-... roiniscd" 


IGURE 3 
CONCERN OVERJOURNALISTICEXAMPLE OF RECENT 

IMPACT OF INTERNATIONALENVIRONMENTAL-
DEVELOPMENT 

High Dam. Among the charges
more so than the swan 

this project has spawned water-bornehave been that 
diseases, particularly schistosomiasis' destroyed down­

stream fisheries; caused earthquakec; increased saliniza­

tion and waterlogging in associated irri gation projects; 

displaced Iopulation; flonced archeological sites; in­

curred massive seepage losses; resulted in land subsi­

dence; accelerated eitrophication; altered climate; 

eeds; increasedl evaporation losses;
choked in aquatic 
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trapped fertile sediments behind the dam; and increased 
erosion downstream and at Ihe delta. While many
criticisms of this and other projects carry an element of 
truth, it should also he remembered that project­
associaled envi rormen la I costs or risks must sometimes
 
he taken in order to seuire the Overall Ihenefi is sought.

(The United States for example, ,mcepts 50,(0o traffic
 
deaths per year in exchange for the henefits of private
 
motor vehicle transportation). ithas been wronglv
 
assumed that inthe pat all adver,e ;ide effect c(,me as 
a sutrpric,. Infa 'I many o the sale a,r1iglleri Is ere
 
advanced prior to munstrIcti of the Iow ,\swali Dam

iii11902.1-h 

Indeed reserSo(..V()d erii present niany
Imaity

enviroinMientaI j)ohleni. Anne', C des(riles tlese il
 
some dltail. The Arinex ,epro(li(ie; wlecli(ons fron 
a
 
report ol Alin-Alad(, ake,, Planning ,wl !) ,vho)nlp nt 
puhilished by the [ood and ,,\,rici ( )rgani/aIion Of1r 

l 41the U.nited Nation5 [agher, u41 and retpn)(ucej in part 
by the U;nited N,;tio1,i I)'parlnntl Of oC rnomicand
 
Social Affairs inits"V(97() Report, !ntegated Rivr Basin 
I0evelo mnent.
 

a l I( -p ro I(( I , I if (I . Ire nm4v if 'erwav\ by tIif, \\'r I Il pa tIIO rgani/atio)n. lhP,rf,f (I ,'\,ro ()ri,in/,iliorind (illirN
Pos'l-projv(," v ("~inu analv..i1, h vl.endi,trhvd h~vOw 1967 ind 

(.(\(in I() th Aan1973 war, rli in ,-di)i, r ,ft A\r,ci lf Egvp imili
arv
 
hudigel '.44/ %1 i ii I pt(IV ,14441 Itj 11,. ( i I l((44 1 Ilr4 I1
b f 4 .\(4I unali .( ii) v ,ih4 I i;'.-d I l l I.(i (,I
i, ,.\r1,4 uit 


',,(,IIhI
,l li( 14( \4 Iltl (lh iaI I 4 [I, ica1(1, ,1(1 ii )4 ' I , 'a,1,,i,, 

41wr 44 ld,..r4 I44I 11 ii,, h\ vph1l1 lhi,,1(h, fi( ,11.,'"Iv()4 1 rwi 

l , -lI(-' ,.\.hn 1,( ,..4 p i, 4,44 44m, . Li4 w"pmid. 'do't'l.%. f hl­lhe'm v'H .0i ( ke ,'illwf;1*, kid fir Iluit ,irh ' 



WATER AND HEALTH 
General 

The role )fwater Snlvfl$'as a V0'h(IC for di re trans­
misi(on of IbaCtrill ad viral (ise,,ses such as typhoid, 
cholera, ifl((tiiu, hepatiti, mid gsrnoentritis is well 
established (see Milheu, l(r e\,ali)le) ind will [lot be 
discti erlhSurtiler eeptt \Vlollithat lhey often altack 
migrint and reset,ling, io)ttlliti ri L!(I as Mhist 11every 
majyr war r i(srcs iroje i lh are most readily 
Contioled i),'aideut walte suply)I)h 111dI alitioll. 

Attention isdir(ted rther to 1hose \,(,(or-borne, 
parasiti( diseaises Ilat ti1diti ralive (r (Aruiatlle he 
new ec(ologica1 s'stlll or ni( Ile (ratelt iv irrigationl or 
other iu)li( wo k . SP(n1iimlgl V Onl-wai related r0i(rojccts 
such wl,highway (onstiru i n mla\' h1,\'er\' netilcl involved
hrough vector breeding initl m(,d hy teatre( asw-uch 


abanldo(ed, 1oui-d raillinug lb(iriw pit". ,dIO 5Sum­
malriz(s (1)[nPi1ilh ,inl vet( i-hr(nl \\,inter r,1h(elaed 
liseases. The eriousn(ss o the water-related parasile 
dis('se is Slml 1"arited inTa/ble 0. 
IFpide'mio1h)gi(,l/( m~ide,,raio wt 

Each Piasitic inle(t oinll,, its s)ecifi(: mode of tralls­
mission by which the infl(lion is Spr(,a(l, aid the par­
ticular cycle nul(essarV to pss iltlction ma1,nI1n111 lonil one 
hr aloilheurht, is, to estblih Inew infectiirn --varies 
greally trim lon In illoher. In aill paritei instances, 
however, it i,a highly (ioillli(aled prml e ,, has(d oin the 
inler-relatiodlshi I) hetween 1hw ll ii hosl, the parasite 
and, oflen, a ve(l', or inlln'ldiiht1,psJel( ies. Trans­
mission qeiwneallv re(luir(e (eiiaii pires( ile,( environ­
mieial (nditions in iiltr to tak(, place. In this respec:t, 
water, ('ither by its illere ex\itnce or its; specific: (onci­
tion, often l)lays anl impolrlant lekh ii. Ie elidlemiology 
of parasitic diseases. rhi,.marry paaiti( infections are, 
to Srle (,\tiIll, wter relaieI (lisease,. 

Manl himself ofltei (i(ih,,e the hai( ( n(lit.,)nis (see 
Figurie 5oI Ih i( ,irio if breeling plaes forre uOuil 
vectors (o wuch (liseases I,muma,mi,. '(hiisc(-",1i is, river 
blindness Iild(hl-rcrciis, dilo,!aUrhsh paimiillplrlistrrlli­
asis, lil( a nnlrher rf oihi imlwi( iwll ( ilhio of ( iiniii 
disease in I1ain and l 1vesten(enlic tprolrirrtioins.,ill 
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Role of 
Water 

Major Vehicle 

for Direct 

TrarsnisiOons 

Occasional 
Vehicle 

Possibh 
Vehicle 

Clean 

Envirornment 


(Lack of 


Safe Water) 

TABLE 5. WATER AND HEALTH 

RemarksDisease 

Classic example of water­
borne-disease 

)iarrhea and Symptomatic of many infec­
tions and toxemias; often 

Cholera 

1'nleritis 
non-specific
 

l)racontiasis Ingstion of infected
 
(Guinea wormn 
 Cyclops; 50,000,00 
disvease) active cases 

I lepatiti,;, Infectious '100,000 cases in 1)55 l)elhi 
outbreak 

Leptospirosis A z/tonosis; ingestion of 

(Weil's disease) urine of infected animal 

'aratyphoid Fever Milder than typhoid 

Schistosomiasi.; Ktquires aquatic snail as 

(Biilharziasis) intermediate host and 
water contact, with skin 
penetration by cercariae, 
or, les, often, their in­
gt's tion; oiver 15),000.(XX) 
atlive cases 

Typhcid l ever Maior 19-Century U.S. 
disease 

t)ysttnitry, Anii Wrld-wide, endemicity 

(Amltais) 
illmu'' M,my orutbreaks, due toI)yteutery, It.m ,­(Shigelh'lt5 ( ros- (ttnnections 

t'itlii)ry'liti, VirsIis ioUnd in sewage 

Ihurdynit N(on-falal; (txsackie viru, 

I olaremia A ;.'ttt ss,,iuually direct 
ilLIa(I 

All above except Schihioniiasi, and tDracontiasi, 

Ancylostomiasis Water-horoe ;a nitat ion bet 

(hookworm) preventive 
Avoid ingestio)nAscariasts 
toodtr and drink (-ontaruinatedEchinococco,is 

by dog feces 
Per irralhygiere 

I lydcrati dosis) 
Enterohiasis 
Mycoses Itungal(ti,, perstinal 

lrshgi ire 
Relapsing Fever ltie-ltttItmne; poor sartatitn 
Scabies Petrsotal hygiene 

Trachoma I50,)000,00() vi(tp, with 
d visloimpairtl 


Trichoruoia,is I mth(mtt a'hinitios, 
Oir(dia lamli,; con tab­
inated food and drink 
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Role of 
Water Disease Remarls 

Typhus Fever Louse-borne; crowding, poor 
sanitation 

(loriorchiasis Ingestion of parasitized fish 
Dengue Mosquito 
Dilphyllobothri sis Ingestion of parasitized fish 

Vector Eincephalitis Mosquitii 
Fasciolopiasi Ingestion oif water chestnuts 

Habitat conltainiig certariae 
Filariasi, Mosquito 
Loaiasis Aquatic fly (Chry;ops) 
Malaria Mosquito 
Onc(hncert iasi Aqluatic fly (Simuliumn) 
Paragonimiasi, Ingestion of parasitized crabs 

and ( rayfish 
Rift Valley Fever Musquito 
Yellow Fever Msiq uito 

Carrier Chemical I'ionin., Natural and polluled waters; 
muii' aMid hronic 

Radiation [Ixposire ( t1iiilitive 

TABLE 6. ESTIMATED WORLD-WIDE PREVALENCE OF
 
CERTAIN DISEASES RELATED TO WATER RESOURCE
 

DEVELOPMENT
 

Disease Prevalence 

Schistosomiasis 200,000,000 
Filariasis 200,000,000 
Onch)cerciasis 40,000,000 

Malaria 25,000,()00 

Modern technology and science offer the means to 

prevent or at least redte the dangers of such man-made 
environmental changes, provided the health factor is 
recogniztd and taken into acci)tnlI fromnl tie early 
planning stages of a proijeccl and the necessary reniedial 
action integra ted in each proigram t iugi, it,iIi IipiMlein­
tation. 

Three different patterns of water-related transmission 
of parasitic disease can be distinguished: 

(1) The paras; e is picked up from ain infected person 
by a vector (for instance a niosliito). It then undergoCs 
a period of development inthe vector before itcan be 
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passed on to another pe.son. In this type of transmission 
pattern water provides the essential "breeding places" or 

larval habitats of the vector. The presence or absence of 

water, )r its specific condition, will therefore influence 

significantly the size of the infection. The parasite itself 

does not exist free in the environment. The pi incipal 

diseases of man belonging to this category are malaria, 

filariasis (elephantiasis), and onchocerciasis (river blind-

MAN
 

/ F,.,ethiemenl '
 

Mitgration 

NaturalIncrease// 
•Construction Laoar 

WATER Requisites VCO 
Irrigaion /for- Mosquitoes 

Flies/Hydropower Vector-Borne 
-FishPonds Water-Related Snails 

sicLokes and ReservoirsPa 
Swamps andMarshes Diser.,se 

Othier
 

S -Schislor"-,iasis 
Trypono' rr.aosIs ! 

I -Onchocerciosis
L 


-Filoriosis 

-Malaria
 

FIGURE 4 

ness). To some extent perhaps trypanosomiasis (sleeping 

sickness) could also be included as some species of its 
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vector, the tsetse fly, althbough not requiring water for 
breeding purposes, are nevertheless closely dependent on 
the shelter of evergreen forest associated with river banks 
and lake edges. 

(2) The parasite is discharged by an infected person to 
the water environment andimust find and enter a specific 
intermediate host (usually a snail, a crustacean or a fish). 
In this secondary host it has to pass through one or more 
developmental stages before becoming infective to man. 

This is a more complex cycle of transmission because 
the presence of water may be essential both for the 
survival of the parasite and for the life of the intermecdiate 
host. The most important parasitic infections following 
this transmission pattern are .chistosomiasis, paragonini­
asis (oriental liver flUke), fascioliasis, and ckacontiasis 
(guinea worm). 

(3) The third form of transmission is by indirect 
contact, the parasi t( is excreted by an infected person, 
enters the environment, and is picked uL)there by 
another person. In the para'itic diseases which follow 
this pattern of transmission, the parasite (in the form of 
eggs or larvae) usually has to be deposi tech for its survival 
on moist soil as the favo ring (lerentl (e.g., hookworm 
and other helminthic infections).

In any of these diseases alterations in the water 
environmern can have an impact on the relationships 
between man, parasite, vector or intermediate host, that 
is, oi the e,,idernio1 gy of the infection, resulting in an 
increase or decrease of transmission, thus Causing a 
change in the prevalence of the disease. 

Malaria 
Of all waler-related parasitic diseases malaria is prob­

ably the most commonly known. Until very recently 
this infectiion was highly prevalent in lhe entire tropical 
and subtropical belt and exi,.ided into temperate cli­
mates. The dkease is considered one of the most serious 
public health problems. 

Owing to its characteristic fever attacks the infection 
has been easily recognized since ancient times. The 
human imalaria in fection has been easily recognized by 
four different parasile species of the protozoaaa genus 
Plasniodia; apart from morphological differences, the 
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species differ mainly in regard to life span and the 

periodicity of the fever attacks they cause. 
The malaria parasite is introduced into the human 

blood stream as a sporozoite through the bite of an 
infective mosquito. The parasites develop and multiply, 
first in the liver and later in the blood stream, where 
they invade the red blood cells. Some of the parasites 
develop into sexual forms, called gametocyles, which 
are evntually taken up by the bite of an Anopheles 

qiuito the parasite undergoes variousmoquito. In the mo 
stages of development leacding to the formation of 

spi-rozoites. These accumulate in the salivary glands and 

are injected in to man during a blood meal. 
Malaria infection may he transmitted by about 60 

different species of Ano phlh's mosquiitos. All of these 

are aquatic breeders; however, their preferences for 

specific types of water vary greatly. A peculiarity of most 

of the nalaria vectors- --of ", icih advantage is taken for 

(ontrol---is thait they bite humans in or rInear Iheir houses 

andi rest indoors after a blood meal. 
Malaria is essentially a c'ironic disease. Apart from its 

classic fevers, malaria is characterized by high infant 

mortality, stillbirths and abortions; with enlargement of 

the slleen; and the predisposition of its victims to other 

infections. W-ere agricultural pro(:LICtion an1d levels of 

life are already low, its ec)nrnomic effects are obvious: 

food suptIlies are further reduced by the large malarial 

left untilled, and social and econormic developmentareas 
are relarded. 

With nodern chemotherapy,malaria infections can
 

be cured radically, and it is also possible to effect
 

prophylactic protection.
 
In view of the encouraging results obtained in malaria 

control campaigns with insecticide spraying against the 

adult vector, a world-wide malaria eradication program 
on indoor spravingwas inititaed in '1955, based mainly 

with DDT and drug treatment of the parasite in hunans. 

The aim is to achieve complete irterrUl)tion of trans­

mission, but not the elimination of the vec or species, a 

much more difficult, if not impossible task. 

Malaria control direcied at the larval stages of mos­

(1uito vectors is still practiced where (1) house sprayiiig 
is impractical or uneconomical as in densely populated 
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urban areas, (2)where there are few breeding places,
such that a relatively small effort will substantially
reduce the acul vector population, and (3)where other 
methods have failed. Larval control methods include 
naturalistic control, fish predators for ,-'ample; source 
reduct;oi through planned modifiC-Ition of the environ­
ment, water regulation for exaniple; and chemical control 
or larvaciding. 

Environmental modificati(n measures direcled at mos­
quito control are generally beneficial in controlling
aquatic snail vectors of schistosomiasis and vice versa. 

As lon,, as malaria still exists in some parts of the 
world Ihe danger of its being re-introduced in freed 
areas muist be COunsidered, esJ)ecially in those developing 
areas '.lere population movements lake place, with new 
waler projects creating at the same time, new favorable 
breeding conditions for Anophe:,.
 

Figure 5 illustrates areas where malaria Iransnission
 
occurs or might OCULIr. 
Schistosnomiais (Bilharzia sis) 

Schistosoniasis is
a disease caused )ycertain parasitic
 
worms known as schistosornes (Greek for "split, divided
 
body") after the appearance of he adult male worm
 
which isflat with the sides of itsIbody inverted so as to
 
form a giome,inwhich itcarries the female.
 

Three species of schistosones are impol rant parasites

Of man. TWo ce inte, inrl a1(1 hepati (liver) disease: 
Schistowcma japoficilm ad Schit Poma manoni.The 
third, Schistosoma ha'nrolo-hniII, causPes V.ical or 
bladder disease. Some other spe(ies also may infect 
iai.
 
The larvae of certain other schistosomes of hirds and

rodents may perietrate the human skin caising a derma­
litiskno.'n as swimmer's itch. This is prevalent among
bathers in lakes in many parts of thte world including
North America; also in cerlain coastal sa water beaches. 
These schistosomies do nlot mature in man. 

Life Cye of Schito ole. 
The sexuaIly mattire s(histi nmsies vary inleInglh from 

about 7 to 26 millimeters 1mu) and in width from aboul 
0.' toI" mii and have at,appearance of elorgated

Ihreads. Once r 
aed the male and feniale schistosores 
proceed inpairs, S. )Oi andonan, .iapoiicuml to the
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MALARIA SITUATION, 30 JUNE 1970 

OR MIGHT OCCURMALARIA TRANSMISSION OCCURS 

Source: WHO FIGURE 5
 



veins of tile bovel, and S.haeli()oI)hiill to tl veins of 
the bladder. The females peri clical ly leave their males 
(partially or entirely), squeeze their slender bodies into 
the smallest veins, deposit their egg,., and return to their 
mates. A few eggs are carried in the lood stream to the 
liver, lungs, and other parl ()fthe hoe.y, hut must go 
thl(?ugh the %VinWalls into the surrounlding tissues. Sonc, 
become tralped intle tissueS and (lie but others work 
their way into IIIh bowel or bladder and leave the hody 
in feces or urine. As the disease p()gresses, lissues 
around the \ei ns thicken and the proportion of arrested 
eggs increases. 

To survive, the eggs 7( to '170 niicrorns long, 40 to 
70 microns wide) must reach water within a month, a 
task greatly aided by inadequate sanitation. rhe change 
of osmotic pressure in ie water resultsI ithe latch ng 
from each egg of a small, ciliated, swimning larva 
known as a "miracidium." Mi racidia must pelletrat(, the 
body of a suitable freshwater snail (the intermediate 
host) within 24 hours or (lie. 

In the snail the riracidia undergo an essential devol­
opment stage, lasting 4 to 8 weeks, and, by a process 
of asexual reprodUction, each miracidium may produ(e 
thousands of larvae known as cercariae. L.iberatioi of 
cercariae may Montiit11e over a period of several months. 
The barely visible fork-tailed ',rcariae may average 0.4 
to 0.5 millimeters in len.thI,swim ahouL vigMrously, 
tail first, for 24 to 72 houl rs vithout feeding and die if 
they fail to contact their definitive ho st whio,Iias a ruhle 
IIuIst be mai in S.na~nsoni and S. ha 'ma hI ium and is 
often man in S.japonicum but may also ieclogs, cats, 
rats, cattle, pigs, deer, or horses. 

Upon making contact with human skin, the cercariae 
attach by means O(suckers and penetrate their host 
within several iliinutes. Within hours they are in the 
blood stream and are eventuaIly ca rr ie to the liver, 
where they grow to iaturity within a few weeks. They 
mate and travel together against the flow of blood to 
small blood vessels inthe wall of the intestine or bladder. 
Egg prodluI:ion sta rts abo1 the foltieth (lay after penle­

mansofn and S.I iohiuin have leenStrictly speaking, .s. 1aim 

reported from tower animals. 
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tration of the skin by the cercariae. The infection has 

been known to persist for 28 years in man but the 
life-span of the schistosomes is generally much less 

than that, typically from 1 to 4 years. 
The life cycle of S(hisiso ma haumalohium is shown 

in Figure 6. 

F-ole 

Adif..rala ad feIm l, fluhy*
"worry." (gnats... - savaraI
 

pacili~l Vin~.i of waitl Ot
 
at 

bt add,, -Farnaltlay agganoal 

Ca1laa0-trt w0. 

nyy to natovrlitti 
of wall of hiaddar

Uf~nljour 

mal 


aC.ll....cr0a 3aeA E- 1e.ca.,-

T QQ 

1, .*li o rb"-d 

S1W aterhtCh ouo I d 

*amat (many cacr________ollO~cy mlracideam)simming fr
E nailawithinl mionda.I.ho", Par ag) 

DOanelopmtn ajIOrotyfti witr ins
• 

Not to saaie Inai. (6 r.. k. 

FIGURE 6 

Life Cycle of Schi.4osonfiasis haenatobiun 

Clinical Manifestations of Schistlosomiasis. 

The symptoms and signs of schistosomiasis caused by 

S. japoni( tm and S. mansoni are much alike. During the 

incubation period there is often a skin rash and charac­
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teristic diarrhea with liver enlargement and tenderness,
variable fever, and sonietines lung disturbances. During
the period of egg laying and extrusion there is typical
dystentery with frequent bloody stools, liver and spleen
enlargement and tenderness, often rectal lesions and 
other serious comnplicalions. In the final period of tissue
reaction and repair, various lesions such as intestinal 
papillornata, ulceration and fistulas may develop. The
spleen and the liver sr" oflen greatly enlarged, there is 
usually serious diarrhea and there may he ascit( sand 
other major disturbanc(.s.

In S.haematobiurn infections the.urinary system is
involved and there are often serioLIs lesions of the blad­
der, ureters, and other organs, with fever and general
distress. Bloody urine isa usual sign. Inuncomplicated
 
cases there isusuially n, diarrhea or dysentery in
 
S.haematobiurn i.ifections. 

During the incubation period the symptoms arid s;gns
of bilharzia.,;s are due chiefly to toxic products of the 
worms and to allergic reactions. In the egg-laying period
the extrusion of the eggs causes various tissue damage
with consequent bleeding and distress. G,'adually, cellu­
lar reactions tend to block the eggs and to cause fibrosis
 
of the affected organs. This impairs functional aclivity

of the liver and intestines or oi the urinary system.

Bacterial infections of damaged tissnes may cauIse
 
abscesses and fistulas.
 

One larva penetratini, the skin can develop into only
 
one worm. Thus, the seriousness of the disease depends
 
on the nn'ber of larvae acquired, the frequency of
 
reinfection, and the length of t;ne the individual is 
subject to reinfection. Ordinarily, the disease develops
slowly as more arid more worrms are acquired during
childhood, an J the n1axiiMLn11a niun her isreached at aboti
20 years of age. Although Ihe factors involved in the 
rate of acquisition differ greatly in dilferent places, the 
slow, isidious nature of Ihe disease and the great dis­
ability it causes are always iniportant aspccts.

With modern treatment in ':rcomplicated cases the
chances of avoi ling death are quite good and in early 
cases full recovery may be expected. But as the disease
becomes chronic, vital tissues are destroyed and in
advanced cases the prognosis ishopeless. 
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l)istrbutionand Prevalence. 

S. mansoni occurs in Africa, tile Arabian peninsula, 

nortiheaslern and eastern S.oLuth America and the Carib­

bean area.. , hu,matlfhim i ccurs in Africa, the Middle 

and a small focus in Indlia. . iaporlictml occurs in 
East, 
tile Orent (China, laPa, Philippines, Celehies, Laos and 

lme than half of theendemic areasThailand). In s5011' 
these ,pe( ies is indige­population is,affecled None (if 

no llsto North America. 

Figi~ires 7 and 8 are giaphic pre('ntations olf the 

worldwide dist rihuticn of ;chistosonliasis. 

p)rce(e or reliable jc,,a on worldwide
There are 11 

morbiditv ind mirtality. There are wide 
schislsiliiaski 

eve11 Within single cointries onc\
dlifferences it opini 

c wli hsi illi,lis infection FVI-IO,
Ille significance 


8). A WI I() tlesrt (Cocinrnittee oi 
 Bilhar.iasis
19 5a, p). 


). 7) has estimated that "there are at
(WIl-(), -1965a, 

million pesimins inlectedl with hilharziasis
pi(,sent l18(-20l) 

throughout lihe wmild."
 

Wrighl ( 196il), ioire cis('ivativ(', estimal(S tile numial­

be, of pIersons ,xpedl(id,in(l infech'l to be about 125 

million. Iis estimates 'byitions are sho\'n in tahle 

No. 7. It should he noted that otI the 25,223,ij50 inlec­
ai1 i ribUtaIle to 

tions showIl6I the C)rinlt, 24,.74 1,0) 
,144.' ) infec tions esti-

China (mainland). Similarly, iif 


male(! for the A, ii( as, alnmwst (,ttt
()())6,'.' 0,,,.,il0a00 

To illustiate tihe dala difficulties, duriiig the twol-year 

'963 to) 1964. only 0,4127 cases wre reiported to 
period 

-lealth ()rianizalion; more than 
tile Pan Anerican 


were Wepirte(I friom New York
 
10 times more taS' , 

State than from the whole of Brazil. (The New York
 

(ses 'Nere contracled in IPu('rl) Rico.)
 

Schistosilmiais is a serious, potential thieal in many 

areas where it is not now endemic. Any new re servoir 

or irrigation scheme anywhee in Africa, foiexample, 
l in this respect.shn 1(1hi, ri gorotlsly ro,',ie ,'ev 

/conoiflni Imnpl),t. 
been little formal analysis; of tihe 

rcere seems to) lav' 

l ' "  iir c'l/a Sch ' , I' ,mciicccI' i tc l ia ",ill,< tr. licodclr 

( i' i t t'.'[t c 
vt ,c l 'v)l' wcrrm 

Ilictimr, a11,(wrlir lI\,i In w,hl 


in (Clml cii t ihe1851'
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TABLE 7. WORLD DISTRIBUTION OF SCHISTOSOMIASIS,
 
TOTAL REGIONAL POPULATION, POPULATION
 

EXPOSED AND POPULATION INFECTED a
 

No. of 
countries 

or Total Population Population
Region islands population exposed infected 

Africa 43 308,021,000 226,102,740 91,200,3-10 
Mascarene 
Islands 2 741,000 370,500 66,690 
Southwest 
Asia 9 87,003,000 10,745,050 2,271,020 
The 
Orient 6 868,531,000 337,051,500 25,223,650 

(except
 
eastern
 
Asia)
 

The 
Americas -11 Q8,339,000 18,199,750 6,144,130 

71 1,362,635,000 59)2,469,54(0 124,905,800 

aAft r W righl -I1 72). 

(con(llI( imI( t ,,9s-l1isto rnias. aro( I I63) in I 
study of ('(fr li( h'5.'(ill the Ihilippiines due to 
schistloomii, e'slinmhid them it S6.5 million ,r1nnally, 
considCrinr, oHel exi ,e oftn1('(i(a11l (',, arid impaired 
productiviy.This,waS 26 aveg(, annal loss per
infected pers;o , Ili r lhai per capito nialari1 los . Thei 


)n l-ranige 

these hsses was '-,timntedthlo Ihilijt g0()0,0) ('et year. 
Faroo(q (196-1) reports ,nntial los per infected person 

in Egypt as $3.530 to$ 15.00, Iraq as S24.00, and Japan 
as $26.00. 

Wright (1972)Ila -tinated monetary loss for all 
Africa as perliap,, -15) million (hollar, mid on a worldwide 
basis, perhaps 650)milloin dollaos. 

larooI (1907) has (',tinilt('d the annual econo)nic loss 
for Egypt alone to ie $56) nillion. 

cost of a lom i (15 veAi I) (litr od plan to Iliminate 

Relation f 5S< hi h , iji o /hrij,ailion. 
The iml)Jrtan( e ot irrigaion in the spread of this 
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(isease is stressedl by many auithorities (lalnoix, 1958; 
M Mullen, "9 Mozley, 1953; Scoll, '1938, '1969;,2a; 


aVan der Schalie, (,1 .i. A striking exam;le of such 
1ili OnneIion with asillhition isq(t (l by lanOix (*19 


schie-10 for l' irrigaltion 01.our aeas inEgypt.
1)r('Iniial 

s mii
,lsilevalen( e wasJhv followin' increae in ( lit,( 

years alter imlro 0(Im 1 iouof iri:ti.llIlo(d lhtt'(, m: 

TABLE 1t. SCHISTOSOMIASIS PREVALENCE IN SELECTED 
AND AFTER INTRODUCTIONAREAS OF EGYPT BEFORE 

OF IRRIGATION 

Percentage of Population infected 
'1934 1937Area 

44
sil ia... 

7 50Kilh 

641
11
Mansou ia 
2 75Bilban 

in which eggs, miracidia,Water is the melitm 
cercarliae, and snails exist. \'Viiout water there Can he
 

no transmissio n f s(-hislosonmiasis. Provision O1 water
 

(exiled I)cft(re incr(ases human oputlation
where- I0il' 1 

( nSity of thCir a(ILlatic(lnsit\ anol theI )0l)tlaliOl 


rlessilllates, snails.
 

lilariasisk
 

Inhuman flilariasis there are two forms of lhe infection
 

causedl by filarial \womis,one due to the parasite 
malayi. BothI)(.reoaiil hIlla li,the other to /rugf'ia 

, of tihe woild, the former in
kVVue( 
MeI,prevalent invast a 

tropical and sul)-ti 0)ical regions,e p(ecially intlhe
,ll 


largest and ml1ost 
Walrne0r patrl I l\sia. le,r SI(me of tlh' 

densely (opulated l s of endolyity exist. The latter 

Sl)teadls over mithI of Solulth-lit Asia an(iextelds along 

as far north a,Korea and into Indo­the coastal ieiionl 
ilesia. Itisestimated thal filariasis affects over 2() 

ltrlthe world. (Seemillioln !)eIIP at Ipreent tllou ilut 
Fieure 9.)
 

nem1110atode worllls;
Both \W. hIncrofti alld B. ulavi are11 

adult forl Iive" inll1,1, mainly inthe lymphaticth' 
,dluriig
1I)poiimatelY Ityelrsysteilo . I heir life span is 

C)SIinnumerableInn(('sthe female worm 

microfilariae, which invade fhle lymphatic and blood 
which tim' 


3(0
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DISTRIBUTION OF FILARIASIS 
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vessels. These larval forms are ingested by bloo.'-sucking 

mosquitoes when feeding on an infected man. They 

undergo a series of moults until the infective stage is 

reached. Then they enter a new host, during the vector's 

next blood meal. 
Clinical filariasis may be acute Or chronic. The com­

mon early manifestations of the two forms of the diseases 

are painful swelling of the lymphatic vessels and glands 

of the groin, genitals and thigh. Characteristics of the 

chronic phase are hydrocele, enlargement of the lymph 

glands, inflammation of the scrotum and finally ele­

pliantiasis of the genitals and lower extremities. In 

W. hancrf i iniection elephantiasis may involve the
 

breast and arms.
 
Not all infected p)elsons develop( clinical symlptoms,
 

hut the proportion of clinical cases is high, especially
 

in highly endemic area'; with exposure to constant
 
arlS 3(0 percent of the adult
surerinfection. II sll( 


population may IWaffe(cd by eleplaniasis and
 

hydrocele. The se\vrity Oflthe filarial complicalions and
 

their frequency rletermiine the imlportance of the result­

ing disabilit\' arid of the (,istling , ocial and ecoonmic
 

The vvtc p, ffilariasi, throughout the world are 

nunrolus 11( vatrieI, bIeing eitlher ( tilcin(S ((uhex, 

Aeoh", \1aocia, etc.) (,I anoplielines. The culine nios­

(luit(i(' c<crstiltcte the iihioitY of human filaria vectors. 
water bIcdies for irIigatJ)n anrdEnlargement (f surfa( e 


other tiurpom-;Inatutally'incI(rae',Cs the I)ossibility for
 
e (Ieated and for the disease to 

new breeding'site to 


spr(ad(or to he(onli mrIe inlelle.
 
O of Unler-In many areas1, of the"world tlpo' 

;ystem', has, la 'g,'led behind the irovisionigrond sewage 

of water stiplie,. Scrie cilies in trohi( al or semi­

lilhlictrolical developing,cuntries have rrcctically no 

sewage syt'el, (X('lt(
f or that provi(le(l h open road­

side dlit( ert rali/ ed teatiie
'il plants. Ili
lies and n(, 


many trol,ical (-cicrtries the hi.g,,hly pollutedl liquid wastes 

move slow, tougl open eathtn(lit( Ies o at best 

through Ion( ''1 (Ialin,-,0 iticallv intended for the di';­
.Openposal of .tclllwaters: bolh of the" tties if 


ctelltl\', hil'hly .uitable
dilches or (rain, are, urrtct 
nuiberCf riis(1tiiti'species; thelarval habitats for a 
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most important is Culex pipien.s and especially its tropi­
cal form C.p. fatigans which finds its optimal breeding 
conditions in water with a high degree of organic 
polIu tion. C.p. fatiganps breeds throughout the entire year 
where climatic conditions permit and is highly domestic, 
readily entering and resting in hss v)Swhere it freely 
and avidly feeds Oil man. It is this sub-pecies Which is 
the nain vector of Bancroflian filariasis and is found 
not Only in Urban centres hut in towns and villages 
throughou t much of the lrol)ics. 

The infection can be ctired with currently available 
antifilarial drugs. Chemotlherapy alone, however, has 
little action on developed elephanitiasis. Treatment is 
often asociated with allergic reactions. The avai !lble 
drugs destroy rnicrofilariae but those aimed at destruc­
tion of adult worms are (ither i.ef".'cti\'e or too toxic 
for general use. 

Control of filariasis (l be effected y var,,iou nieth­
ods which are either directed against the parasi te 
through mass drug trealnient or against the vector. In 
the latter case lac-viciing and/or engineering devices 
are usually rmlployed to reduce breeding facilities. 

Owing to the diverse hahits of the vectors, attempts 
to control the disease by niosquli to contrml alone have 
so far not given satisfactory results. Furthermore, vector 
control alone does nit affect the parasite in ihe human 
host reservoir and would have to he contilried over a 
long period of time ni. account of the long life-span 
of the parasite. Mas,- Itealiie t, l the other hand, has 
proved effective inrmany endemic areas. Depending on 
local circulrustan ces, riiass treatment SUplpleniented by 
vector control measrres (lris to offer tile best approach 
to filariasis control. 

Onchocerciasis (River Ilindness) 

Onchocerciasis is a vect or-borne infection caused by 
Onchocerca volvulu,, a ieniiatode worrl. It is most 
prevalent inAfri ca, extending frori Senegal ,Ind Sudan 
in the north to Angola in the south. It also occurs in 
circunscribled areas of Mexico, Guatemiiala and Ve'.­
ziela. (See Figures 10 arid I .) The adult narasites live 
niain ly in the sLblcutaneoLIS tissues of tire human host, 
where they may forri visible nodules in which one or 
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FIGURE 10
 

Geographical Distribution of Onchocerciasis in Africa 
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more worms are coiled up. The female worm discharges 
innumerable microfilariae during its life-span, i.e. 
approximately 15 years. The mobile microfilariae are 
found in the skin of the entire body. but may also 
penetrate the eyes. 

The infection istransmitted by certain species of black 
flies (SiMul iidae): Simuijum damnosum in most parts of 

Africa, together with S.neavi in East and Central Africa, 
and S.ochraceum, S.rntallicun, and S.callidum in the 
New World. In biting an infected person the fly takes 
up one or more microfilariae which, in the course of 
several days, develop into effective larvae. These are in 
turn liberated at the fly's next human blood meal on the 
skin of another man, thus completing the life cycle. It 
requires ,everal months for the parasite to reach maturity. 

The clinical symptoms of onchocerciasis, produced 
primarily by the microfilariae, are slow to appear so 
that an early diagnosis of the infection is often difficult. 
Frequently, the earliest complaint isof itching of the 
skin (pruritus), which can be extremely severe. At a 
later stage thickening and depigmentation of the skin 
may be observed. However, the most serious onchocercal 
lesions are caused through microfilariae that have 
reached the eye, leading eventually to impairment of 
vision and ultimate blindness. Typical lymphatic swelling 
called "hanging groin" isanother complication of the 
infection. 

The severity of the disease isusually related to the 
degree of exposure. In highly endemic areas, such as 
occur in large river systems--the Volta River basin for 

instance-the incidence of blindness in the rural popu­
lation may reach 10 percent or more, and iome of the 
most fertile valleys have been abandoned by the riverine 
populations. 

As mentioned above, the infection depends for its 
transmission upon the presence of a Simulium vector 
species. Furthermore, its distribution and intensity 
depend chiefly on the density of the vector population. 

Common to all Simuijum vectors is their requirement for 
flowing or turbulent water for the development of their 
aquatic stages (that is,egg, larval and pupal stages) 
which takes from 10 to 40 days. Particularly favorable 
conditions are, therefore, found at waterfalls, rapids, 
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spillways, etc. The adult Simulium is most readily found 
close to its breeding site, but can fly for considerable 
distances, up to 50 km or even more in the case of 
S. damnosum. This ability to fly long distances is of sig­
nificant consequence in the spread of infected areas 
and the planning of control operations. 

For the treatment of the disease drugs are used which 
kill the parasite, thus curing the infection. Treatment, 
however, is often complicated by unpleasant side reac­
tions and of little benefit f ) those cases in which per­
manent damage, espe, ially to the eyes, has already 
occurred. 

Control of the infer tion aims therefore at interrupting 
the transmission, wlich can best be achieved by attack­
ing the vector population. The larval stage of Simuliidae 
is highly susceptible to insecticides, aildj dosing of water 
courses with DDT at regular intervals can greatly reduce 
and even eliminate the black-fly population. 

FIGURE 12 
Village Abandoned Because of Onchocerciasis 
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CONTROL OF SCHISTOSOMIASIS 

Life Cycle of Schistosomiasis 

Figure 14 su mnarizes the life cycle of schis'nsomiasis 
outlined in the preceding section. Opportunities for 
breaking the, cycle are su mmarized thereon and below. 

Therapeutic Iratnlment of I Iuman Victims 

LimitatiOns. Mass humal treatment would seem to he 
the easiest, most promising, most hunane method of 
schi;tosomiasis corntrol. I lomwever, therapeutic neasires 
alone have alway; proved inadequate. The reasons 
incliide: 

(1) 	lack of a satisfactoly dIrug, easily administered 
over a shorl period of time, free from side effect';, 
"fnd proltIcir1 a high rate (i parasirlogical cure, 

(2) 	impossilble to reach all the infected p(11)latiW, 
(3) among discovered poitive (,es, there will always 

be :i certain number of unfit cas(s (r whorm 
chemotherapy is contranrdicatedl, 

(4) 	many wno start treatilent will fail to coll)hete it, 

(5) 	even among those who (onri, lete the till course, 
there will )e poitive refractory case, and relapes, 

(6) 	humal leatnwnt ther's no t oveine thew prl)hlrii 
of animal reservoir h(,s, especia lv o f . i,ap(mi­

cur and to a lesser ex.tenl, . man .rrwi. 

(7) with niarry prrsitive ca,, and rir ch,rnr"d habits 
and 	new
of polltion aid watdruse, i(int(, ti(rI 


infection will take ildacv' and the life-( ycle will 
be maintained, and 

(8) 	 lack of fundls and [ers0onll t uiphernIent I)(,­
glani , on s(ale weded. MN hehr ing ( ot:r­
tries swi t l',s than $1 per (capita annuallly ftr 
health I)r()grais. 

Although chnnolherpv alone will not interrupt 
it does ameliorate thetransmission of schist ()Smiasi,, 


condiion of the individual iard fewer cass reach an
 

advanced state.
 

Outlook. 
A recently develoted c rug, ry(,lathone, shows 

great promise -,s the long-sought (,re shot drug (Katz, 
1968; Gottschalk, 1969l). Hycanthrne li,, pmved 80 to 
90 percent effective in tests with 2,00() persons in Brazil, 
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Vene'i.la, South Africa, Rhodesia, and Egypt. Even if 

it were 100 percent effective, however, it would not 

eradicate schistosorniasis (see ahove).* 

Prevention of Eggs Reching Water 

Education (bahits). If the eggs do not reach water, the 

transmission of schistosoniasis is halted. If the feces (or 

, 
tr1 iillli ide effvt't and there is 

be nliulaleni( ,,flIl (arcitiogelic. It has 
* ly , th li tre(Iiltly i id 

,viden iv thal it might not 

rg Adtii stration.been apprjvd by the U. ,. Foo atd Dn 
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urine for S. haernotobium) of infected individuals do 
not reach water, then the eggs do not. Therefore the 
public should be educated to the danger of defecating 
or urinating in or near water. The life-cycle of the para­
site and the method of transmission, the effect on the 
health of the individual, and the economic impact of 
the disease on the community should he explained. 
Public suipport shouId be sought. 

Unfortunately habit, are difficult to Change. The 
inhabitants of areas ei emic for schistosomiasis include 
many farmers, herdsmen, or fishermen who spend their 
day outdoors, inconvenient to latrines. But childien and 
adolescents are the most difficult problem. "They are 
the most important source of viable, hatchable, scIisto­
some ova and snail-penetrating miracidia and, because 
of their habits, are also the ma in soLurce of infection to 
snails and thIirs of the miaintenanCe Of tife-cycle of 
Schistosoma"' (Ayad, in Volstenholme, 1%'2, 1. 3411). 

Sanitation 
Adequate and acceptahle facilities for excrela dis­

posal, if used, can hbe an important suppoirt to a schisto­
soniasis-control program. 

Environmental Design. 
The locatio)n and laVL(itf villages and ouLsi ing relative 

to surface water; provision of safe and adequate water 
supplies, IpLJI ic laundries, and of washinrg, hathi ig and 
recreational facilities; and protec:lion of riearby water 
with pilpe, covers, or fenci ing reduce the need or elimin­
ate the opl)jortuniIy for water contacl. 

Destruction of iggs mnid \ Iira( idia 

Dire(t IDestru tio . Eggs and mi racidia are destroyed hy 
many of the molluscicides. They are also destroyed in 
anerobic waste treatmenit tanks, in trickling fillers, and 
in long-detentiorn titlre oxidation lirds. 
Indirect Detruction. Eggs and miracidia perish when 
they fail to reach water, or reaching it, fail to find suit­
able host snalils.* 

F',l d'ay Litrvlve 3( day, or rore on land. Miracidi, must find 
d SLiiita1tt' flh r -nai virir' 24 ro 72 houtr,. Snviv,il varies gre lly 

, . vith vnvironlmehital iondiuin 
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Djstruction of Intermediate Snail t-tosts 

Chemical Control (MoIIlsM icides). [)estruction of snail 

vectors using toxic chemicals has been the principal 

focus of conirol measures intenleI to interrupt trans­

inission of schistosomiasis. 
Mollscicide programs offer several advantagos: 

i1 ltr nsIml issto is obtained,(1) rap id (essation()I 

(2) Iulili( ( )('litioliis not required ftor SUCCeSS, 

auinist rait)n is uLsuallyinde'r one agec'l:y,( 
o 

m 
hiplete ,adiw ation () -nails is Ipssible in(4) 

(rtain situation,, anld, 

(5) the te( hnol)gy i., well-known.
 
Disadvantages include:
 

, 
(I) ree Ial)lishni('ilt of snail popuilatio ns 

(2) mulst be tepe'led, 
(3) t()xicily to other fauna and flora, 

(.) (IeV.Ielpment O)f n1iu.lscicide resistance, 

unknown a,yet but a l sibility­
the use of baited traps

Since snails are (hCnuo0trop1-ir, 

is Jossilily ai unI(hr-tIntilieOd measuire (Cardarelli).
 

Biolog,'nal (iii) rol 
~l h,imh iig enjoyed a wide appe'al. A

This metll 
controlled by

freqlent suggestion is that snails might hw 
as certain species of ducks, fish, turtles,

predators smuIi 
v,,al('r ills, leec hes, and aIualic insects; by

crtstatea, 
as the snail Mirisa ("ornuamhitis, which ,(.nll)eltitorS sLu( 

has rendered ome P1uerto Rican hah it.as uInsuI itable for 

the S. nmlmi vecoIr A (stralorhi;or by parasites and 

diseae o( snails.oim e Iredators atlack miracidia or 

than the snails, e.g., te commoI mwppy.((,rcaiiac iatlmer 

option o)f the' snail karisa, most
With the possible exce 

ll(aslir's ILave hel found to be ineffective,
of these 

although little is known ah)ul snail diseases and para­

sites. In pools with steep ha uks, fish do appear to reCiucc­

the snail pI)lultion. 
are resLIt in

PreCator-prey relatioiships) nlikely to 
periodic fluctlatiOnIS in

snail erldication. ('ContinuOuS 

if bth species arie more likely. Some


th1e numlnlim)IS 
are suscel itiblie to certain moilluiscicides. There

predators 
is no ro''n practical biological control technique in 

active ulSe ltlay. 
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Physical Control. 
Since all vector snails require water, at least for 

breeding, management of water is a potential control 
method.This isdescrilbed inspecific terms ina later 
section. 

1)esirmcti on of Corcarrae 
Failure ,fthe ctrcariae to peetralte a host within 

48 hours nean, their (,,lth. lhis obscrvalion is some­
tim(,s used tIH aatage ii ,torinl drinkin, watr.Most 
of the pireviols onlrnllnt, pelrtlining to clestrl tior of 
eggs ,aid miraciidia are relevant here detitri(n by 
moldluc icides, ireVCntior ~mian etc.ot l (rtac 1, 

Prevention (f (rn aril itn-h(tion inAn 
In I nizi)t,(m. ]hi, is a tlloreti( iil Sc)pbusihility, h ot 
far has not ieen nade(prcticAi..\tMany i(d(miologists 
who have worked with scInistoirniasis are d(dW\inc:ecl 
that there must be si'M ilnlUILnity h reintec:tion, or 
conditions wolci be nllc than1 they arc, (Scott,
h v'r,1 

1909). At pl (-,t'rrt.n vever, the p 'i ilit (ft
' irrllicticl 
of imllunirily ,vat tin (ic it r itmher m'nres istol, remote 
I influcc (I(ncirtdplt "urorin,. Srnillers (1969) has 
recently re'view(ed schistosonriasis imtminonlogy. 

l: ltit ,tiom(llahit, pt, Mri itin, ( inm nrts,. 

Pcrsnrrl Ot( tn ln , h i,, ( fintnt,. l,6i)telhnt,. 
M ilitary (q' ,1r mnns -,i ilin,m t tIlm\ itil , \\'ol l(IW ar IIt t,, 

have sth luitlasonle .w,(,1,ft1 l ve1(, tllm'fio"
 
av()idint+"m(hlist(w,,(( liil(li(Ill,..t u lifo~ lYil
All l , ()f 

cl th1ffrd lor rttii t) the m',arnr, Irticlr(iyr m'jirnl 
if 'tc'ked intf( the t(()I ( f ln twith anipie' sI lk tofrmn 
a curff Oi r til' I[)()()I PlWr tt on , wd IW,hi l. i I,ot (Itt 
imprn'l lim+t, fahli+ \h( rlin hl'iel di~ld w er­,proofing1()regr at, n ..ri llinr t,rrIndricall t 

)rn ide r ti(nt ltflirre.,, Inl,ftrm l naturalin( sO,rr l , 


plant cil'., (il(f(,n'e.,v_ Ilar. 
Igrn rril i ht,lllt w ( c di.i listriltimi, ,rril e li ation, 

ointirerts-, irt, nlhed (rf I' orker , in mirstrt cmiartctrr \'t 

with watcr. (.liiri, in ir'gtr,1tnci v1lr ptM tt(,liiV0 ,,l)­

slances orrt stllticki we e Irttth (hls a tt ilrrv the 
illVaiorl dirt ,iRe i iittl(rilv ho mid olinrirn­
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fortable. Most importantly, schistosoniasis is a disease 

contracted by children and adolescents. Pellegrino (1967) 

has recently reviewed this topic. 

Water reatlment. 
Removal or (lestrtc.ti( n of cerrariae from treated water 

is compl:tely feasible. Transmicsion of schistosomiasis 
through drinking water, although possible, is not, how­

ever, a major route of infection. 

I.nvironmental I)ign. 

The ;ane a(lions that militate against eggs reaching 

vater als( tend to iprevnt huIman contact with cercariae. 

These measu r s include iting of housing away from 

canals, proision of adequate and safe water supply and 

sanitation, prote(tion of surfae water by covers, pipe, or 

fencing, l)ro\visior of protected facilities for bathing, 

waelr recreation, and laundering, and similar measures 

which reduce human (00ntact with cercariae-infested 

'Aater. 
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ECOLOGY OF INTERMEDIATE SNAIL VECTORS 

OF SCHISTOSOMIASIS 

Introduction 

Before it attacks man, each schistosome worm lives as 
a parasite of a snail. Thus there is an opportunity to pre­
ven t the hu man ldisease by destroying the intermediate 
snail host, in much the same way as mosrluito exterm'ri­
nation is used to prevent malaria. Many methods of 
killing the snails, or Otherwise eliminating them, are 
)ossible, but two are most common: direct destruction 
with toxic: chemiCals (rniOlhscicides) andl indirect elinii­
nation or prevention tlir)ugh creation of an untenable 
environment. 

The schistosomes are slpe(:ific in the choice of their 
intermediate hosts... haen-otohiun miracidia select 
snails Of the gen us lulini. vWilh isolated excepl)ions; 
S. mansoni prefer the geniis Iiounphalaria(also known 

as IJlanorbisin Africa andl/\u./ rlis in ithAmericas); 
and S. jalpooiu1 chooses snails Of the genus Oncome­
lania. Members of the genera lhulinus anridliomphalaria 
spend their lives in water. ()1onie/aoia are anilhibi­
ous. Figures 15 andI16 show the shells of typical veclor 
snails. 

The factors Ilat cause slJils to favor certain waters 
and to be absent fr(im Others are not surely kniwn. 
Prediction is further (complicated in that different species 
and varieties of the same gene'ra, with differing l)re'fer­
ences, aCt as hostS il 'ari(ius llac Cs. 

Roughly speaki ru, however, Blulinu. species, hosts of 
S. /waematoliui, exhibit a preferen(ce for stagnant or 
slowly nmovinrig water, are [ilitr' inleroUs il mioderately 

lolluted waters, prefer plkils with hottons rich in silt 
and organic nitter, and ift(,r ((cur inl al)l)ar(ntlv barren 
water. Althougl g.,enerally found only in l)ernianent 
lorls in E~gypt an( Iraq, lle reporisible for schistr ­
sor iirasis ill equa'lthrial Ali(a Ima' Iftern ie fioun d ill 
seas(irial wate liih(d,'- and hn r(ow pit. 

Bioinephlal,1i,, hI,I 01t >. wmani,. happily accept 

running water OI Iil(herate veIho il arid therefore are 
commonnr inhabitls O, strealml arnd irrigation systems. In 
coinltrast to niarn-prlIitedl Itranriissior cliisly related to 
agri(:ultur, there rr areas, such a - Northern grazil, 
where Irrnsrissirn is nt closely linked with agriculture. 
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Australorbinae live in natural water courses and trans­
mission occurs primarily through casual contact with 
infected water or through recreational and domestic 
aclivities. 

Om mnuclaniae, hosts of 5. japoni urn, are amphibious, 
being able lo live on land and to with,tand drying due 
lo the presence Of a protective opercultirn or shield. 
Basn( ally swarIip animals, they have axal it :d themselves 
to irrigation syslem,, rice fields, roadsid( ditches, and 
other 1anmalllldde halilals. 

[lie Wor d I leallh ()rgai/ation ("VI R()) has pub)lished 
a nlOiOgralil (Mandaill larhI, I'158) ri smail species that 
have Ieen in(riminated a ,snail I ,,.I lh)vever location 
and idenlification of snail hosts, or potential snail hosts, 
generally reiplire the skill 'Ind emperiemc of a hiologist. 
Snails inder stpi( ion mutl he tested to determine 
whelher they can, in falt, pass the iltectiol. If the tests 
are posilive, then the offending species can he specifically 
identlified at a WI I() central retererce lahbOralory. 

Althorugh specifiy. ide1ntific.atiol of lhe suspect or
 

provn itelrieldiate host may riot be alhsolutely essential 
to dlevelOpietil 0I a snIail ci )ltrol lp) .grarn, it is general ly 
helpfnl! iriasrmu I as the ibiolog, of the 5l ies incrinli­
lrited allhV Ih'lbearing m (OitrOl [)roceure.have sone 
Vhi I'lt Ioiishiisihen ilhetven the smail hosts and 
their environniens Offer opportunities for control? 

(;enerrl(hara teri',ti( ,o' nail /lailaat, I 

The snail iritermediate hosts of schiilosoiasis are 
adaeld to a wide rnge of envinoniienial conditions. 
They breed inrIlarny different sites, the essential condi­
lions hein, the pre,;enc(eof water, relatively solid sur­
faces for egg (dpositio, arid sonile source of food. 
These (onidition, are met hy a large variely of habitats: 
str.ais, irrigation canals, pmidIs, borrow-pits, flooded 

areas, lakes, atei-crs fields, nid rice fields. Thus in 
general they inhiahil shalh, wats with Organic con­

lent, modherate light p'netration, little turbidity, amuddy 
suhstatuii ri(I inorganic mailer, .uhrbergenl or emjer­

gent aquatic vegetation, and ,bndait microflora. The 
snailsi'y be fkuonnich inisolaehd hablitat, (1nit0 inde­
peni(lert of nmii d irialgel' systems because snails or 

A, det rilot'oJ by m*tihk I1172. 
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their eggs are sometimes carried passively to such habi­
tats which seem favorable. Accordingly, to determine 
their habitats systematic search for the snails must be 
conducted by skilled observers over a period of several 
seasons. 

There are certain physical, chemical and biological 
characteristics or factors which make a habitat suitable 
or unsuitable for the snails. The principal conditioning 
factors appear to be thP amount of food available, the 
extent of growth of aquatic weeds, the oxygen content 
of the water, the strength of the cUrrent, tile nature of 
the substratuL, anl the ionic composition of the water. 
Several of these factors, ar. interdelendent. Although 
there are differences betv, -rn tme various host species 
in their habitat requirem,nu'i, their ranges of tolerance 
overlap)greatly. Theoretical.ly, extremes of certain factors 
should be capable of elhiminating snails from a body of 
water; in practice, ho(wer r, such etl renes rarely occur, 
and the absence of snails mos ihe attributed to tile col­
bi ned effect of scveral facthrs. Moreover, to alter one 
factor enough to ,wcojnpl'Oli conlrol of the snails is not 
easy. There are ci taiin Ior, nicroihaitats which tilet() 
snails prefer. Thus even in habitats iot generally suited 
for snails there are aw,iays ,;nie microhiabitats where 
the snails may occtir. 

There is a vide range of !olerance iftile interiediale 
snail hol ts to lemiperatioe ai(ihydrogen-ion concentra­
tion. Although the range tnftolerance is usually abouit 

Sto 37' C, t')(,optimum leniieratlre raSnge for many
 
species is 18 to 28"C. A more imp)ortint aspect for 
control purlpos(,s, is the effect of annual lrlperatluro 
variations ofn the breeding season. Thus IulinuS troncatus 
in northern Ira( i)rod(ites lyi asingle generation anniu­
ally, whereas Bioniphalaia, g ),alta in Brauzil hreeds all 
year ar(iund. 

Changing the p1Iof the haihitat is not feasil)eP becauise 
the lethal limits are u~sLually beyIond any pra(tical range 
of artificially imposed variation. 

The snail intern(liatt hosts pr fer ipartly shaded 
habilat, although (]ire( Isnlighl is iiot harmnful to them. 
Snails b,be raised inthe lab'lratory in,oiiplete dark­
ness )rovi('d amlh UIfo u)ply isavailale. Sunlight 
in the snail's habitat meais iflourishing of tie aqualtic 
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weeds, an abundance of microflora (food supply for the 

snails) and a high (lissolvecd oxygen content. Sunlight also 

increases; the rate rf decoml)ositi(on of the animal and 

l)lmil remains ilthe hotto(r, so that instead of fouling 

t11V habit,lt they play th(ir usial ,rolein the food chain, 

(onrltiing lissolved materials and detritus. 
For a snatil <)ollIy to be(C)rn(, (esal)lished the water 

no0t be Strong. rhe snails are not normally((1i1rent slrLdl 
f(otid at falls, in toriential rivers, oi exposedl shores of 

large lakes, or iiniitgation canals with very swift flc.,v. 

()ndilions the snails are dislodged; a fev,Unhder these 
however, may he able to survive by atlhlling tIeImlselves 

to wee(l- (or lot',am orm y shlllering ill (ii't pools near 

the, bank where the curre0nt is less l)ro)nI()nced. 
inter-Ilie tlfe( It anfimalal Midhtan (,×(rVe(' t ( i 

medinte' hosts of s( bistosomi,sis has been reported hy 
ablnd.1lant near sev ral w,rk(,s. Ingeneral, the snails ar 

pollute the water directly orhtman habkitations wlkbi 
indliretcly. Soiiir investigator, even consider that these 

' 
snails. aIpear to Ir,1tine "resSIiates of man. It appears, 

howevet, that although vectos t1hrive better in the pres­

en((ce of aninilal and hutmian excremrent, they d1o occur in 

uiiji)llute(l habitats, aS long as their food is Il)ntiful. 

1hat is, they i(ctur nomt only in liollutel parts of canals 

close to v.illages but are di;tril)Lted throughoul these 

The tYl)e ()tsfl,,tiatui associatedc with intermediate 

ails is a firm mud hottni, rich in decayingh; 

irganki imiat"ter. This provides support for aruJa tic plants 

anld a surfa( u p,)mvhi(l1 flourish algae and other micro­

organrisms that snails cat, aUd UI)( n whic h the snails 

Sawl and deposit their eggs. Aquatic plants are a desir­

able but no t an ,ssential requirement in the habit2t of 

a(laLIic• snails,lhe amllp hio)us Onclomelaniaspp. are 

in habitats with emergent vegetation, oruWlually ftoun(l 
rg tbe bank near tile water's edge.vegetati( il guwiig ahr 

)ecaying vegetation fri m water plants helps in the for­

niationl of a suitlble sulbstratum ann provides additional 

foodl for the snails. 
A suggested ergineering means of control for aqluatic 

snails is the lifning of irrigation canals and drains with 

concrete. Concrete-lined water courses would, indeed, 

remain free of snails for some time. Hlowever if a suf­
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ficient layer of silt to Support rooted aquatic vegetation 
settles on the bottom snails may be reintroduced. Float­
ing vegetation and a layer of algae developed on the 
cement also may provide a good habitat for the snails. 

Many freshwater snails have remarkable powers of 
toleration of desiccation of the habitat. Moreover, it 
has been shown ilIBra/il that the early stages of S(histo­
soma mansoni inthe snail host (an also withstand desic­
cation and will resume devehlmellt vvhen the water
 
comes back to the habitat and the snail resu rues its
 
aqLuatic life. In many habitats of aqaLltic snails where
 
clessiccation takes place gradually, humidity and the
 
level of subsOil water are hlugh, acleq uate growth of
 
weeds is )resent, and the dry season isnot too long,
 
several snails of a colony are likely to survive,until rain
 
or irrigation water arrivet-, again.
 

Seasonal and Climatic Ia tor, 
The effects of season and climate demographics are 

profounid and must )(Under: to)d ifnormal decreases 
in numbers are riot to he mistaken for effects of control 
measures. Variations in snail pOlpUlation and cercarial 
production may reduce the time perio during which 
molluscicicies ntist be applied. 

Man-Made Habitats 
The long-established (,ndenii(: areas of schistosorniasis 

inAfrica, the Middle East, and the Western Hemisphere 
have apparently been undergoing natural expansion and 
many areas suitable for transmission have beni inivaderl 
by the parasites. 

While water res(ource developments are essential for 
economic progress, they unfortunately may prove to be 
health hazards in (ountries where sclisloso-mniasis is 
endemic. They may increase the nuriuber of breeding 
places of the snail interrnediate hosts and result in 
increased prevalence and intensity ofithe disease. This 
is because the same factors that make an area more 
satisfactory for man may also make it more suilable for 
the snail hosts. Some area, on(e inhospitable for man 
and the snail now have denIrse p(pnplatinins Of both,. This 
comnbiled with tunian contacts and with water polluted 
by excretions make thei suitable for tle transmission 
of schistosoiasis. 
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The risks of schistosomiasis transmission associated 
with irrigation and hydropower development has been 

described previously. In many parts of Africa fish farm­

ing in artificial ponds has been encouraged by govern­

ment authorities. This is especially the case where fish 

is the only, or a supplemental, animal protein available 

for the undernourished population. Fishfarming isalso 

recommended and encouraged by international organi­

zations such as the Food and Agriculture Organization 
of the United Nations (FAO). Unfortunately, conditions 

favorable for rearing fish are also favorable for estab­

lishment of the snail hosts of schistosomiasis and 

fascioliasis. These fish ponds are usuilly filled by river 

water and snail hosts are liable to be introduced into 

them. Snail hosts, uninfected and infected with the 

schistosomes, have been found in some of the ponds. 

Industrialization isanother important factor in crea!­

ing man-made schistosorniasis. Lightly or partially 
infected populations, previously scattered, are massed 

together by industrialization, frequently under very 

unhygienic conditions. An increase in infection rates 
may result. In certain industrialized states of Brazil 

recruilment of laborers from the endemic Northeast 
has caused an increase in cases in other areas where 

schistosomiasis was previo.jsly rar( and sporadic. Various 

industries in Africa have also attracted laborers from 

New roads and rail,.ays to serve newendemic areas. 
industries and agricultural developments facilitate popu­

lation movements and increase the possibilities for 

extension of the diSease. 
Alth ough the immediate effect of industrialization may 

be to aggravate the disease, the process of raising tile 

standard of living and fostering urbanization, with puri­

fied water supply, improved sanitation, and improved 
standards of hygiene eventually improve the situation. 
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ENGINEERING MEASURES FOR 
CONTROL OF SCHISTOSOMIASIS 

Disruption of Life Cycle 
The six stages of the life cycle of human schistosomes, 

together with possible control measures for each were 
shown in Figure 14. Complete disruption of any one 
stage would terminate transmission. Four stages occur 
generally in a water environment (eggs are initially
deposited in the human host, then found in the host's 
excreta, but they must ultimately find water; sporocysts
of S.haenioloiufliu are specific to the snail genus 
Oncomelania, an amphibian). Engineering opporlunilies
for disruption of the life cycle include classical sanita­
tion, creation of a land en'i ron men t that limits contact 
with water, and creation (ofa water ('nvir(nment unfavor­
able to snail vectors. Engineers are also often assigned
the task of applying niolluscicides. 
Creationof Unfavorahle Environment for Intermediate 
Snail Hosts 

Elimination of the snail intermediate host is at present
the most effective single rnetod of controlling schisto­
somiasis. Snails can be killed enutright using moltuscicides 
or the aquatic environment can be molded so as to 
disfavor their continueld propagation. The latter course 
of action is one that engineers are uniquely qualified to 
implement. The relationship of irrigation and schisto­
somiasis is well known, howvever to a large extent it is 
defective and untidy irrigation, wasted water, and water­
logged land, rather than irrigation per (,,that spreads
the disease. Schistosomiasis engineering in considerable 
degree is simply good irrigatioa practice.

Good engineering practices can eliminate or reduce 
many snail halhitals, blut eng;.leering alone is usually
insufficient for complete control and must be reinforced 
by applicat;on of mol lIscicides. The efficiency and 
Cfectiveness of ml(llusCicides are m Uch enhanced and 
die cost reduced by proper engineeirng,of irrigation 
systems. Increased agricIlturaIl productivity, sometimes 
trebled (WHO, 1960a), is another benefit. Control of 
malaria and fasciol:iasis, a -;chislosoine disease (,f live­
stock, is also made easier. 

The relative ease of application and proven effective­
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hless of rnolitiscides suggest it as the method of choice 

hut proponents sometimes fail to consider its economic 

feasibility. The fact that estimates indicated that tile 

annual (0s for mloluiscicides alone in the Philippines 

wouclr have ex(ce(Ided total annual budget of the 

Ministry Of Health stinuilatedI an ni'erest in studies of 

ecological methods (ponding, filling, drainage, removal 

Of vegetation, et".) for reducing the extent of the snail 

colonies and tcalsmission sites. the evidence gathered 

as a result indclicates that proper water management and 

inllloved agricUlLural nethods canIhe used to greatly 

iiiwi,5, crop proluticlioil and to eliminate 95 percent 

of the snails at the same time. The few reintling col­

hecanle amenable Iocontrol by

onies in such aro 

lairs on and Sintos, 1961 : McMullen,molluisciicid's (I 
1(62).' 

.sy.fcs
I)istrihutionand f)rail).i' 

it'. the freruCnt observtion that vector
Ch,annel \'e, 
snails are rarely seen in streais and canals having aver­

age flow velocities in excess of 3) to 35 centimeters per
 

seconrd, cm/sec (aiproxi mately "11feet per second, fps) 

''\'Vliat is the mllininllni veocity
leads to tl,, (pLestiOl 

which will disc(iige establishment of snails?" The
 

as simple as it inight ap7pear. Snails call

question is cot 
llore'easily ling toa firm sml-ilooth sulface, stchI as, that 

i sollc,, thanIo a1Ilose and shifting surface
of (i)increte 

such as silt or loam. Snails with conical shells such as
 

may have lower drag coeffi­
(Om clini, and Hucclimc 

uiciits than snails with flat discoidal shelis, such as 

PI,iorhio-ac'.Alucati \'egetaItion :oay shelter snails from 

Ihe clrrenl. A,' velo( itv increases, snails are first irnmo­

bili/ed, ihwn dilodgevd. ininobili/ztion may suffice for 

ccontrol wele %.oc ity is maintained constanl. Ani mpor­
mean Velocity in"lietantl design note is that it is not Oie 

channel but th periplhiral \elocity that dislodges snails. 
I'"he lattr qaetlicln has heen exIensively eXanlilled 

Aracoz (1962) in a Study Of
(50i lleasurellelI ) b, e)(-

earlh Caal ccf stabilized parabolic cross section. 

De Arao/'s findinii-s are hi st summarized by reprodlic­

lion of his diagram of equal velocity lines (see Figure 

work hashad dividtcd -pinwil" oilsvthelher thiskv iower1 

nc'nirni for itho'r area

<.
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Re-c..e a 1n 

0 1 0 0 01 0, c3 ­

-b/ 3 

/C- 0 

-0 9 

FIGURE 17
 
Diauram of l(luaI Velocity Lines
 

17). If the surfac, V('ocit' al th, (anal centerline is taken 
as unitye,then the velcitv at anv other (oordin'ate of 
the cross ,eution, ,, a de inl fraction of the centerline 
velocity, (an hehdetrmniti(d n m the diagram. rIus 
periplher'l ,'elh itie, Im Ow water's edge( to the centertin 
point of the Iollom , horbmut 0.4 of the velocity 
on the water surface it the enhtrline. If the surface 
velocity at the cente !ine were, ,, 2 ', fps, then the 
peripheral Velocity wMld he aIhoit (t.-4 \ 2.5 or 1.0 fps. 

Engineers are J( ClI|,hmdl to working with mean 
(average) velm ities. A common ft(rmula (Ma:mning's) is: 

where 
V is the average velocily in feet per second 
R is tlhe hydraulic radius in Leet; it is equal to lhe 

cross section al water area divided by the perimeter 
of the wetted part of Ihe channel 
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S is the longitudinal slope of the bottom of the canal
 

expressed as adecimal
 
is a surface roughness coefficient which varies with 

n 

the type of channel construction.
 

Accordi'ig to De Araoz the mean velocity is 0.729 of 

the velocity on the water surface at the centerline. Thus 

the average velocity calculated by the Manning formula 

should be multiplied by
1 x 0.4 ::-- 0.55 

0.729 

to obtain the peripheral velocity. Or conversely, if a 

desired peripheral velocity is sought, say 1.25 fps, then 

the Manning formula must yield 

.3fpsl.25fps x 05 

as the average velocity. 

Inspection of the Manning formula indicates three
 

ways to increase velocity: (1) use a smoother surface,
 

for example concrete (n- 0.016) rather than earth
 
- ) 

(n - 0.025 an expensive measure, (2) steepen the
 

gradient. S, largely impractical since it must generally
 
if frequent Iplling


parallel the surface of the groLund 
3) change the channel cross-section

ik to be avoided, or 
making it narrower and deeper. Channel cross-sections 

are generally designed for hydraulic efficiency (maximum 

discharge for agiven cross-sectional area) since cost is 

generally proportional to cross-sectional area. To sig­

nificantlv increase velocity, for a given discharge, gradi­

ent, and roughness, over thal ohtainable with commonly 

used trapezoidal open cha nnel section,; requires a radical, 

expensive change in section, if for no other reason than 

that the steeper side slopes will require structural 

support. 
The hydrolynamic aspects of dislodgement of one 

snail spe(ie, I3,iompha l a ria ,qlahratus, have heen studied 

in a hydrodynamics laboratory (lobin and Ippen, 1964). 

A velocity at shell height (1.3 cm) of 33 cm/sec (1.08 fps) 

65 cm/sec (2.14 fps) to 
,hown to immobilize anldwas 

dislodge 13.qlahratus from a smooth plastic bottom. 

Using the method of correlating bIoundary velocities to 

mean velocities developed by De Araoz (1962), lohin 

and Ippen (1964) have calculated, for a wide range of 
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channel geometries and discharges, the niean velocities
 
required for control of B. glabiatus (see Table 9). The
 
mean velocities propiosed are based on immol)iliztation

rather than dishodgement- --Ithey "are still significantly 
higher than \,alues recommendedl from field observa­
tions and should therefore prove (Itilte conservative in 
design." 

TABLE 9. MEAN VELOCITIES IN TRAPEZOIDAL 
CHANNELS FOR CONTROL OF AUSTRALORBIS 

GLABRATUS
 

Discharge Immobilizing Mean Velocity 

(ml/sec) (cs) (cm/sec) ((fps) 

1 35 58 1.90 
5 175 67 2.20 

10 350 7-1 2.33 
20 700 75 2.40 
30 1000 78 2.60 
50 "1750 81 2.66 

Source: Inhin ind Ippen (W1641 . 

lobin and Ippeu also furnished their snails v.,ith har­
nesses and trainedil them to pull "very light loads", lead­
ing to Ihe fascinating findint, that "the output of 2.5 
million snails wOUld e equivalent to 1 horsepower, 
hardly an incenlive for development of this power 
source." 

For canals xca\,ated in certain soils, velocities high 
enough to discourage snails may cause damage or 
destruction by erosion. The (let'terninati()n of i+oriscour­
ing, nonsilting velocities has a traicte(d the attention of 
many investigators over a long lwriod of timne and a con­
siderable mass of data 11d fo riilas, e.g. tractive force, 
have been accCmulated. I lowever for )relirminary pur­
poses, and for designl ii many cases, use may beIlade
of the alpp~roximate alIties stugg'sted by Kraatz and 
shown in T'able 10. 

The effect of water velocities on the infection of ani­
mals exposed to cercariae his been studied by Rowan 
and Gran (1959), Radke, el al (1961), and Webbe 

57 



TABLE 10. MAXIMUM 

Nature of canal bed 
i 


a dv loams,nd, li.ht'Silt, finMediu 
,.cdiurn anfd\ ,,round 

Ii,.;h! loa l 
m. fled i()c'% coa rs.\cdiu n [ Urn 

an 

loe \ra- m lih,1(26t clay,san close grainn.I-ex\v h 

Finle 1hillil (r gra% el 


Thick mediuni clay, medium gravel 


Hvav clav 'tertiarv . coarse
 

Ishingle orIra\ e1 


So)u.(t: Kraa1," l1't
 

VELOCITIES 

('. 

(-b 


(lu 

0().0 

(.,7 

0.7 , 
0.82 

1.26 

IN EARTH CANALSPER SECONDIN METERS 
.......I
 

With a Discharge inCubic Metcrs per Second

l , ] !. 
( 
4- (t4, (1.4 9 ) 

4,I . , SI (.1 

I .I14 .­4 , , i (0 

-

(m, (i.70.. (i.e,,! o7._ 1).73 -

(7 ( .78 (.1 0.86 U(81 

0.82).. 1 (-I4 (-.88 ,10)0 

1 ((3 1.0890..9((.,. (1.12 0.95 0.l' 

'2 1.,8.4- 1.51.34 1.42 

30.0
 
0. 0 0.52 

-ad04 0.740.(3 0.65 

( -..2 

0.81 0.84 

0.90 0.94 

0.98 1.02 
1.16 

1.72 1.79 



(1966a). Webbe has also studied its effect on infection 
of the snail vector Biornphalaria.A consensus is that 
infection increases with increasing velocity, then 
decreases. The velocity of maximum infection is impre­
cisely known, perhaps belween 1 and 3 feet per second. 
Some infection occurred at all levels tested. \Webbe 
(1966a) suggests that this findinlg, coupled withI knowl­
edge of the pek cercaria-shdding 'may be iseful and 
of practical importance in relation to the use of infested 
waters for batiing and clotheswashing where no other 
water-sII)l)lics are available."' 

The role ol waler \'(+( ily in irrigation canals in deter-
Irining their suita!bilily as snail habilats is well­
estahlished. I-lowever its use ofrsnail control has 
prol)abily been uricnis(ioLls, the serendipitoLIs ly-product
of such factors as fayOrdbl to)ograp)hy and soils. Its 
expense is likely to limit its large-,cale use to areas 
wheru irrigation systems with Suitably Ihigh velocities 
would he i11plemI(,lehd in ar ' event. Nevertheless it 
should not be overlooked, es1 ecially where hydratlic 
head may be available. It should no be used alone blut 
sulillemented with tlicon ing sur'oillanoe and spot 
application of mllui1Lscicid(s. 

Canal inings. 
Canals are lined for many rw'a',ars: s('(,page control 

(often as mitch as -10 lierc(cnt, see Table II), 

TABLE 11. ESTIMATED WATER LOSSES IN UNLINED 
CONVEYANCE SYSTEMS 

Water Losses in 
percent of total 

Country (Project) water dliverted Reiiarks 

46 irrigation i)roje( s 3-86 Records from 46 irri­
in the U.S.A. (average 40) galin prowjcts in­

oluding seeplage Wa­
let taken up by un­
co nt rolled \egeta­
tion in lhe canals 
arid eva1 ration 
losses Of canals. 
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Water Losses in 
percent of total 

Country (Project) water diverted Remarks 

18-44 Seepage losses onIly
est Pakistan 

35 Mean figure of total 
West Pakistan--

conveyance losses. 
Indus River Basin 

26 Less pervious soils. 
Mexico 

35-50 More per\'iOus soils. 

40Tu rkey- -Konya 
Cumra Plain
 

8-10 [ow because of silt­U.A.R.--Nile DeltaAR Dling effect of Nile 
area
 

water. 
50U.A.R.--New canels 

in dlesert areas 
20-35 Mains aid distribu-U.S.S.R. 


laries 

15 Main canals and 
India, drains.
Ganges Canal 

Dist ributaries. 
Water courses. 

7 
22 

44 'rtal seepage losses.
 

Maximum 4,10 Total seepage losses. 

Average Year 
5.7 Main canals.

Pakistan 
7.3 Secondary canals.

Kushita unit of Ihe 
12.0 Tertiary canals.

.Ganges---Kol)adak 
25.0 rotal seepage losses.Irrigation Scheme 

40 Main and secondary
Iran Garrnsar 

canals.Irrigation Project 

,\ajpht ti1im Kraali (FAO) 

e'oSion control, safety, redu(lction of maintenance, recLuc­

tion in size Of conpleientary strticiures, redctiol in 

land required for rights-of-way, appearance, public 
of planl transpira­

accel)tance, weed contrml, redUctio 

tion losses, and reduction in total annual cost of irri­

gation. Benefits inClItcle more water for crops, increased 
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land available for cultivation, protection of low areas 
from seepage and water logging, and reduction in areas 
favorable to snails. Under certain conditions and against 
certain species of snails, hard-surface linings have proven 
extremely effective ( anoix, 1958; WHO, 1968). The 
relatively high velocities possible, the relative absence 
of aquatic vegetation, the potential for rapid draining 
and drying,, re(duTced seepage to low-lying breding sites, 
and the enhanced etficacy of mo0luscicirde al)licat ion 
are aspects favorable to snail control and to mosquito 
control as well. 

Canal lining may be arbitrarily classified according 
to the material used (see Table 22 in Annex 13). 

(1) 	paved or hard-sUrfaced. The most exliensive, but 
also the most desirable. Portland cenent or 
asphaltic concrete, lrick, tile, half-pipe sections, 
stone, rubble, sholcrete, etc. Figu re 18 is tVpica l. 

-W---u,fill 	 InCud 

0 ignol ground surtme 

FIGURE 18 
Typical Section of Concrete Canal ILining 

(2) 	exposed membrane. Fle:xibiliiy their strong point. 
Butyl rubber sheeling, asphalt-felt sandwiches, 
asphalt-coated jute. These are more subject to 
surface damage, weeds, and sunlight than is con­
crete. BL tyl More successful than asphalt. See 
Figure 19. 

(3) 	tburied-merniramie. Any water tight membrane with 
a long life in soil, from hentonite or clay to 
asphalt to plastic or rubber sheeling with conse­
quPnt prolific mud grovth. Readily installed. See 
Figure 19. 
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SV" Section 

y)Subgrade 
.Fine -textured Cushion
 

,,,,) Membrane
 

. Fine-textured cover
 

Course- extured cover
o, 


*, .
 

Exposed membraneBuried membrane -

FIGURE 19 
Typical Section of Exposed and Buried Membrane Lining 



(4) 	compacted earth. Economical where suit, ble soils 
available. MaximunL channel velocity of 3 fps. See 
Figure 20. 

In il_ 	 Incut 

Original groundsurface 

Emblitn t Wator surface-, 

Refill 

Compactedearth lining 

FIGURE 20 
Typical Section of Thick Compacted Earth Iining 

(5) earth and chemical sea lankI. Attractive idea with 
only partial Si((ess. A)j pli(,dI a1 an (,mu,-Ikion of 
water and waxe,, aslphalls, resins, lighnins, or 
polymers. Thin surfa e, short-lived. 

The cost of lining, li: Other (owrim tion, varies 
widel\' with locatioln. I Mr I( i)trlj)o)se ()f (omparing 
linings, a-L 2 shim%, average cr()ttructiorn costs in the 
western United States. 

FIGURE 21 
Prefabricated Concrele Lining 
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COSTS OFCONSTRUCTIONTABLE 12. APPROXIMATE 
CANAL LINING 

TotalMaterial Othera 
Costs per square yard

Lining in U.S. Dollar 

portlanu'1cement concrete, 
3.001.20 1.803-inch unreinforced 

lh(,rland (.(mlnt concrete, 
2.50.80 1.70 

2,-inch uneinforced 

1.00 1.50 2.502-inchA,sliallic conirete, 
.33b .77 1.10 

Asphal lii:(mnibrane, buried (BAM) 
2.161.66 .50

Prefari(atecl plnk type, exposed 
1.15.85 .30Jute, expIosedA,sphalt-(ioated 

jute, l)uried .85 .90 1.75 
Aslhalt-cioated 
ploly(th'ylejne filni, 10-il, lutrie(d .23 .62 .85 

.62 -1.07.45Vinyl film, 10-mil, buried 
8LItyl qdwe't i1v. ,2-nil, buried 1.25 .62 1.87 

2.50 
lButyl slheeti ig, 6((-rail, exposed 2.40 .10 

1.10 
iarth (onlpa(t-ed 3,feet 

.50 
Earth, (om(npacted, I foot 

alat on, and covering, when applicable.,
dtilgradv prelm)lti 

b A,phall in l)la1
 

S(io t w ' 1.11.11f/ill (NOWtii
 

The longevity of the lining, the local interest or dis­

the alntual operating and maintenance
(ount at(, an( 

(osts must also he considered in comparing types of
 

lining. Consider a concrete lining with a 50 years life 

cost of $2.50 per square meter. At 
and a consttlctin 

its annual capital cost would be 
an interest rate of 10%, 

a(0.10086) (2.50) or $0.25. A polyvinyl membrane lining
 

cost of 0.50 per square meter but 
with a (onstruction 
a life of only 2 years would have an annual capital cost 

of a(0.57619) (0.50) or $0.29. Annual operating and main­

tenance costs woulcl have to be added to each figure 

for comparion of the total annual costs. Additional data 

on lining costs, longevity, seepage losses, and other 

important features may he found in the annex. 

In conparing costs, it should be noted that the size of 

a canal to carry a given Iischarge varies inversely with 
of its surface. The Mani ing

the hydrautilic "smoothness" 

fa(tor
(.)o%'ry
aUniform writ, i al i 
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"n" for concrete is0.014, for buried asphalt membrane 
(BAM), "n" is0.025. Thus the cross-sectional area of the 
BAM-lined channel will be 

'1 - . 1 :-1.7 
0.014 00.025 

times larger than the cofncrete lined channel. For a typi­
cally shaped cross-section, the perimeter will be about 
1.5 times greater. Thus to deliver the same water as 
concrete, a BAM-lined channel would require 1.5 times 
the lining surface, for comparison -1.5 x $1.10 - $1.65 
for each $3.00's worth of concrete rather than $1.10. 
Table 13 below and Figure 22 are illustrative. 

TABLE 13. RELATIVE CAPACITIES OF CONCRETE LINED 
AND UNLINED CANALS 

Bottom 
Width 

Flow 
Depth 

Quantity (cu.misec) 
Concrete Unlined 

(meters) (meters) 

0.30 0.45 0.40 0.23 
0.90 0.60 1.27 0.71 
1.20 0.75 2.40 1.33 
1.50 0.90 4.00 2.24 

To supply agiven discharge the surface area of the 
concrete lining can be reduced since the friction loss 
is less and the permissible velocity is greater. 

When erosion resistant linings (such as concrete) are 
used, the gradient of the bed can be increased and the 
side slope made steeper. The top width isreduced, 
which results in reduction of land area required for the 
canal. The right-of-way cost savings may be substantial. 

Considering that a lined canal system for a given sup­
ply area need not carry the water which is lost in an 
unlined system, the dimc.isions of any lined canal system, 
including structures, will be smaller than for the unlined 
system. 

The costs of lining may appear out of reach for a 
schistosomiasis control program. The major benefits, 
however, may be in reduction of seepage. It is a truism 
that conveyance losses alone are from '/ to 1i of all 
water dive:',ed. 
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13 

FIGURE 22
 
Comparison of Unlined and Concrete Lined Canal (Lengths in Meters) 



The U.S. Bureau of Reclamation (1963) and the Food
and Agricultural Organization of the United Nations
(1971) have published helpful manuals on linings for 
irrigation canals. 

Cover (Including Pipe). 
"Of all snail control neasures, the use of closed 

conduits is the most effective" (WI-JO, 1965b, p. 93).
Probably the most expensive too. Covering large canals
for any appiecial)le distance is prohibitively costly.
However the use of vlow-pressure concrete pipe for
moderate discharges (less than lom"/sec 350ft Usec)or 

is becoming increasingl more feasible. Such pipe is

readily manufactured in field factories by mod, iately
 
skilled labor.
 

Closed systems, in addition to providii q an Unfavor­
able environment for snails, have minimal 'ransport

losses due to l-akage and evapo-transpiration, provide

protection from polluuin, 
 are safer, have lower mainte­
nance and operational costs, and allow more land to le
irrigated than do open lateral syslems. In one Egyptian 
province (Men i Stef) a drain covering scheme underway
will add an estimated one feddan (1.04 acres) in eight

of agricultneal land which inaddition to 
 the environ­
mental improvement, will arletmiately meet the cost of
 
the program.
 

There are a number of exanles where piped dis­
trilbUion Coml)ined with modern agricu ltui ral practices

has been successful 
 in areas endemic for schislosoniasis. 
The Miwani Sugar Estates, Kenya, is noteworth\, (WHO,
1960a; McMtullen, "1962ab). 
Shape 

The concept o1 hydrulic efficiency was previously
defined in Ihe discussion of velocity. For tile most
frequently used open channel section, the trapezoid-­
the most efficient section is a half-hexagon--the sides 
slope up 60' from the horizontal. For a rectangula
cross-section, the most efficient section has a depth
equal to half its width. rhese slopes, 60" and10,) are
too steel) for the stability of eartlh canals. Side slopes
commonly vary fromr - horizontal units to 1 vertical unit(3:1, or 18.4' from the horizontal) to 1:1 (45' ) for highly
stable materials. 
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The depth of water is not ,sually a critical elemeit in 

the design of irrigation channels. In large earth carials, 

however, the depth is limited to protect high embank­

water pressure and to reduCe the danger
ments ,gai 
()1an a,,inknent failure. C(onsequently, depths in 

are usually avoidecO. ex, s', of ihout 1o feet (I in) 
should be 

lt om the ,tandpoint of snail tontrol, canals 

provi(ed with vertical sideOs and the maximtIrm possible 

rhese factrs won ld discourage both marginal and 
depl.h 
bottom vt'tti(ott in(reae'Vlnerability to preying fish, 

anl reduce the ltne'ration of light. A canal with vertical 

s;ides would( of course have to be I red, and this, for thc 

inc reased c:osts anti a totaly1
irrigation engineer, means 

be seen that the points fit (andifferent design. Tbhus, 


view (f engineer' and nialacologists are sormetimes
 

qui' (ivergent. 

I a,,,out and Siting. 

The neces,i t of Irev'entin g cercarial exposUre of the 

Ire''eveiing excretal contamination of 
individual and also 

Ihe irrigation system reqlires that the distribution and 

udrainage systtnis he carefllly sited relative to residential 

areas. Residential sil's should 	nlot give ready acccss to
 

lit ssihle should he sited

irrigition water anid wherteve; 

avway from the main intakes and
in a relatively dry area 

Ilay ut of field chattiels ,t1CI drains should be
channiels. 

platwied or cont;,(lled rather than left entirely to local
 

farntels. When canals islate villages frorn main roads,
 

pils and sections of old 
they sh uld he hridged. ;orrow 

canals should he filled, drained, or other\vise eliminated 

as snail hahitals.
 
For the tiew Land to he reclaimed by water from the
 

Itlih Dam, "... whenever Iossil)l{ canals will

Aswan 


metres away from the
be cnstructed at least 50) 
I), (one the irrigationvillages, and where this cannot 


canals within the

aulhorities ha,.'e agreed topass th, 

precincts of tle villages and for five hundred mietres on 

each 'ide Ietweell perlendicular walls, rising a few 
. .. tlh're will also

nretr's above the level of the ground 


Ie nI) sharp ct rves to favor stagnation, there will be no
 

blind eids, and . . a1y disused canals will be filled in."
 

(Ayad, in Wolstenholme, 1962, Ii. 377).
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Protection of Access. 
Several methods for protecting access to the irrigation 

system and thereby preventing transmission of the disease 
to both man and snail have been described: closed 
conduits, e.g., )ipe; Jphysical harriers, e.g., wails, fences, 
or !ieavy brush; distance, e.g., 50()metres between 
housing and canals. Some of Ilese involve cal)ital invest­
nent which (an be reduced I)y collfilling control 
nleasures to the niore likely points of infection. 

Access may be ir( tected indirectly by elirninating the 
need for contact with snail-infested water through 
provision of such facilities as bridges and culverts, public 
water SUppfly, and protec(ed fcilities for bathing, washing
livestock, laundering, and water recreation. 

That access could be effectively protected by statute is 
doubtful since children are not 'OriOusly uniml)1pressed by 
trespass rejoiners. lBoals might be kept off the smaller 
canals by statlultes and physical barriers conjoined. Boat­
men are known to have high infe(tion rates--52." 
percent in one area if Egypt. (Firouq, '1966a). 

Drainage. 
When land is irrigated, drainage pro)lemns almost 

always follow, particularly high gnund water and 
development of salinity. These are controlled by drainage 
affected by meanrs of leiC ditches or Underground tile­
drains. In the latter case, there is ni snail growth, but 
the problem may be extremely serious in open drains. 
Such ditches ,)ften serve flat areas, s( that their slopes 
and velocity of flow ire very small. Drai nage flow 
includes not only excess irrigation water but also normal 
surface run-off, the determination of which forms the 
basis for drainage design. Ilack of drainage results in 
stagnant pools, wel areas, and seepa ge- which are often 
good snail habitats. 

While it may not be economnical to line open drains 
completely, it is I)erhaps advisable to provide them at 
least with lined inverts (prefabricated concrete inverts, 
for example), which would have the advantage of con­
centrating small flows and (ifincreasing water velocity. 

lhe cost of drainage can be surprisirugly low compared 
with the value of the land reclaimed and the benefits in 
terr .;of increased crop yields resulting from keeping the 
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water table within the desired distance of the root zone. 
In reclamation work in the Nile Delta, the cost of subsoil 
drainage using 4- and 6-inch (10-cm and Ih-cm) diameter 
concrete pipes was about $70 per acre. This represented 
aboltt one-teth of tile market value of the land 
,'(eclaimed. However, this cost was completely offset by 
the saving in land whi(h would otherwise have been 
re(qUired if olpen drains had been used. In addition, there 
are hardly any maintenance costs involved as compared 
with open drains. (WI 10, 19651), p. 113). 

A possible cost lreakthr(ough in drains may be the use 

Of l)lasti( ip, locally manufactured and "p.'owed" into 
place (Mclunkin and IPineo, 1970). 

[OW lying areas suLhI as are found in the Egyptian delta 
can only he drained by leans of pumping stations. The 
capatilies of such Stations need not be as great from the 

point of view of s(hislosomiasis control as for the 
gr iw ig of (r(ps. -hnLs so long as water is drained away 
within tvo or three weeks the chances of the creation 
)fsnail habitats are practically eliminated. For crop 

re(lui rements the wvater must lie drained away oover a 
much shlter period in order to l)revent tamage to crops. 

An effe(tive way (f reducing the quInLtity of drainage 
water is I) exercise strict water (ontrol in the irrigation 
canalIs, alnd to charme high rates for excess water used 
by irrigators (VI 1(), V)051h, ) . 10). 

Where large drains are provided to handle storm run­
off (orexcess irrigation W'ater, alld are tiherefore used 
only ( casionally, it is worth (onsidering their drainage 
in ItlinIby the installatim n of small rlimieter tile drains, 
or 1I rO(ll(h pipes, so that they can he kept dry between 
large discharges. 

Research is showing lhat (draillage requiremelts coiild 

be praoti(i ally eliminated in some areas if conveyance 
lOsses wele controlled and if water w'el( applied to the 
land in IL c rdance with suil in( plant redluirelents. 
There arle few, if ally, places where this goal has been 
achieved, however, aid, except in places where good 
natural drainage exists, priovision for (ntrolling ground­
water elevation is ;till necessary (lauritzen, 19681). 

A SLIcessfUl example) from tSontAfrica if a control 
liprogral Lsing only those mtIlhods (;ullined inthis 

subsection is lhat of IPitchford (in Wolstenhollme, '1962, 
p. 360). 
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Recently a survey was done on asugar/citrus irrigation scheme
nine years old and "13,000 acres in extent. All the main canals were 
protected by storm-water :rains and fencing. This resulted prolec­',

tion of all storage dams leading from the canals. All canals, whether 
main, subsidiary or feeder, were cement-lined. Alllabour was housed 
below the main canals and faeces were dtepotrted in tOre tane where 
they were compa raiively arnmless. Drains were deep, with per­
pendicular banks, and were (ronseqrenliy tormparalively inawcessihle. 
Biomphalariawere pewnt in all water types Swirinig and clothes 
washing were botth done either in the large river whirh did riot
lend to form poorls, or in the cerient-lined feeder canals leading
from the irote. teld storage darn,. Swiflnnrritg was discouraged in
 
these dams, mainly hecausi they were tIre oLr teof [utnpean

household water. The it,cidence (f.man oni infection in this

schene was less than 2 percent in 180 children examined from all
 
over the area. No othti anibilharziasi, measures had ever Ieen
 
practised.
 

Intermittent Opetralion. 
The possible ability of snails to survive in the absence 

of free water is important inasmuch as chatnels in well­
designed irrigatiotn systems cal be dried out petiiedically.
Species and strains of snails show great variatic n in 
resistance to desiccation. Resistance to the ler, 1'al effect 
of desiccation is Iligh itl the case of certain striIns of 
snail host species that have been investigated under 
suilable conditions both in Ihe laboratory and innature. 
Survival oLIt 01 Ihe waler for p(eriods of from 3 to I1 
months has frequnenIly been achieved under experinental 
laboratory conditions (WIH), 1967, p. 10). In nalture,
these snails may occur in tlemporary pools in Africa and 
South American which dry up for several montlbs during 
the hot season, obliging the snails Ioaestivale. Not all 
individu is survive this (ly period, bin t a sufficient 
proportion do so to repoplUlale the habilate when it is 
once mole filled with waler. 

If a single snail is inItroduitceCd into a favorable habitat 
it is possible, owing to its exceptional reproductive
capacity, to have a flourishing, snail colony in about 40 
lays and Iranrsmission Of schiistosom iasis inabout 60 

clays. Snails may be carried by canal flow, on plants, by
birds, or in other ways from infested habitats hIundreds 
of miles distant. 

In inlined canals, snails are able to bury themselves 
or are stranded in t1W 1)0ttm mitd and survive for 
several months when irrigation is suispeInlded and the 
canals are dried oit. This is especially truie in irrigated 
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areas where the ground-water level is suificiently high to 

keep the earth layer at the bottom of the canals in a 

moist and cool condition. Clay bottoms, however, do not 

appear favorable to certain types of snails. In concrete 

or similarly lined canals, snails are unable to dig in and 

they and their eggs are killed by desiccation and the heat 

of the sun. 
Complete dryinrg-out of irrigation channels, especially 

if carried Out at frequent intervals, may not succed in 
sodestroying(,each individual snail, hut it interferes with 

the life and reproduction of colonies that they become 

reduced in number and, if the periods of drought are 

either sufficiently frequent or sufficiently prolonged, 

may eliminate them entirely. The latter statement is 

particularly true in the case of lined canals. It is for this 

reason that terminal (list ributory channels in the Tigris-

Euphrates valley are almost always snail-free (WHO, 1957, 

p. '30). In different climatic regions, experimental research 

is needed to determine the most suitable frequency and 

periodicity of such an operation. 

M aintenance.
 
The following rneasures are helpful:
 

(1) 	renoval of vegetation and muds from banks and 

shallow margins, 
(2) 	cleaning and re-grading canals, 
(3) 	straightening canals, 
(4) backfilling, grading and draining, or fencing 

borrow pits,neighboririg low ground, and unused 
canal branches, 

(5) 	flushing canals at periodic intervals, 
(6) 	 inspecting canal banks for seepage, 
(7) inspecting canals and structures for snail lodge­

ment sites, 
(8) inspectilg sluice gates, distributing chambers, float 

wells arrd other equipment for leaks and lodge­

ment sites, 
(9)inspect for improper deliveries of water, quanti­

tities and locations, 
(10) insliect for general untidiness, here a pipe missing, 

there a leaky gate, and
 

l1) check for wasted water.
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Control of Vegetation. 
Weed Clearing. Weeds in irrigation canals and drains 
provide suitable habitats for snails, and, where they 
hamper the application of molluscicides, their removal 
becomes necessary. In addition, they reduce the carrying 
capacities of the distribution system, consume considera­
ble quantities of water, and thus reduce the amount 
available to crops. Control of weeds is important, there­
fore, not only for snail control but also for proper 
functioning of irrigation schemes. 

In planning irrigation schemes, adequate provision 
should be made for weed control. The importance of 
weed growth in irrigation systems can be illustrated by 
the case of a large irrigation scheme in Asia, completed 
during the 1960's, with discharge at the head equivalent 
to that of the Seine at Paris. Vithin 5 years after the 
system was opened, submnerged aquatic weeds had cut 
the flow of water in the canal by 80 percent (Holm,et al, 
1969). While such a case is rather unusual, records show 
that a reduction of one-third to one-half of th, carrying 
capacity of an earth canal in from three of five , ears is 
not unusual. In the Gezira irrigation scheme in the 
Sudan, more than $143,500 a year is spent on mechanical 
weed control (WHO, 1965b). 

For the control of weeds in irrigation schemes, both 
mechanical and chemical methods are used. They have 
their respective fields of application depending on local 
conditions, the size and characteristics of the irrigation 
area, types of weeds, and relative costs. Mechanical 
methods comprise dredging, pulling out by specially 
designed scrapers, burning, chaining, cutting, and mow­
ing. Chemical methods comprise the use of selective 
herbicides for bank weeds and aromatic solvents for 
aquatic weeds. The effectiveness of chemical control 
depends largely on the choice of herbicide, which is 
governed by the type of weed, and on the meti-od, 
timing and frequency of application. The number of 
selected herbicides is being continually extended and at 
least one of them, acrolein, is lethal - 'lost snails 
(Ferguson, et al, 1965). Such a doul effect may result 
in substantial savings in areas where snail control has 
been established and molluscicides are used. 

As far as snail control work is concerned, weed 
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removal is an important factor. With mechanical methods, 

snail habitats are either destroyed or seriously disturbed. 

However, such disturbance may also facilitate the 

movenent of snails by floating them down irrigation 

canals to new areas. 
Weed control operations are facilitated by the provi­

sion of places for the application of herbicides, and 

roa(s for use of mechanical equipment. In certain 

circumstances, provision should be made for the use of 

boats, both for herbicide application and for cutting of 

weds. In some areas; flat-bottomed boats, paddle­

propelhecl and fitted with cutting knives, have been found 

practicable or this purpo:;e. The cut weeds float down­

streari and are collected at convenient stations. 

Additional information m weed control may be found 

inAnnex B. 

lres. 
The practice, often followed, of planting trees 

immediately adjacent to canals should be prohibited, for
 

evenlually the roots encroach on the canal walls and
 

bed, providing snags and obstructions, and leaves and
 

branches fall into lhe water. Mairutenanice thus becomes
 

unnecessarily complicated. If trees are desired they 

should bw planted some distance away from the canals. 

11v shade provided by the trees is inadequate to dis­

C(Rurage snail lodgement, at the same, lime preventing 

the sun from effectively drying on t the canals on the 

cuasions when it may be possible to empty ther and 

allow desic( ation to take place, and tempting passersby 

to leave their schistoson ova. The organic rubbish that 
near a lone tree may stimulateoften collects in the water 

(hevelopnent of a large snail and cercarial population in 

the immediate vicinity, in unnecessary ha/ard to health. 

Special Itructures. 

Special structIliS required for the proper functioning 

of an irrigation syslem and for the control of host snails 

should be made parl of the irrigation scheme durirg 

the )lanning stage. Such structures comprise mechanical 

snail traps, molluscicicde-CIispenser sites, crossings over o 

under siphons, flu ines, dr() structu res, clutes, culverts, 

bridges, division boxes, turn-out, clhecks and waste-ways. 

Provision shoiuld also lie made for the protection of the 
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distribution system by means of lateral spillways, drainage 
inlets and drainage of natural watercourses over or under 
the irrigation canals. It isalso desirable from the point 
of view of efficient operation to provide bridges to 
facilitate traffic movenent and the transport of cleaning 
and maintenance equipment. For the application of 
molluscicides it isdesirable to establish staff gauges in 
canals to indicate discharge., at various depths (WIH10, 
1965b). 
Storage Reservoirs 
Shoreline. Water conservation and storage is essential for 
development of arid and semi-arid areas. These bodies 
of water may range in size from stock-watering ponds 
to mammoth regional irrigation and hydroelectric 
reservoirs. tocated in areas endemic for schistosomiasis, 
they tend to increase the onumber of snail habitats. With 
human contact an increase in schist somiasis is in­
evitable. 

Where host snails occtur, they are Lisual ly established 
in shallows along the shoreline. The habitat then may be 
rendered less suitable for snails or transmission by deep­
ening aid straightening al margins and removing 
vegetation, preferably before construction or during 
low water; shortening sioreline with (likes and fill, with 
particular attention to kolajted ponds; where hIurman 
access is ulnavoidable, erecting piers to transfer hurnan 
contact trom near the shore to an offshore area where 
cercariae are less numerms or frequent; construction of 
access roads for weed cootrol and 1 ol lusciciding 
operations; and location of shoreline villages at points 
where maximum wave action can be expected. These 
actions are helpful for natural lakes also. 

Intakes. 
Reservoirs may serve as hreeding aquaria or as 

traps for upstream snails. Intakes therefore should be 
located somie distance from slore, well submerged, and 
provired with galvanized screens having 8 meshes per 
inch and Iprote(cted by coarser screens. Intakes in "night 
reservoirs" should he avoided if possible. Snails and 
cercariae have been known to survive passage through 
hydraulic machinery. 
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Spillways. 
Schistosoniasis OCcUrs in some areas endenic for 

orchocerciasis. Siillways have become the site of 
alidant breeding places of Similium danin im, the 
vector of human onchocerciasis and dam building in 
Aftica has caused a (onsiderable northward shift in the 
area where S.danrnoIM1n oc(u rs. Stepped spillways, 
being partiularly favorable to S. lamnoNum, should not 
be used (QUilannac, et al, 1967). 

Acce,,. 
The conliients ()il a( ess to (listribution systems are 

equally applicahle to reservoirs. 

Reservoir Operation (Water Level Flct,.jation) 

The success i f the Tennessee Valley Authority in 
controlling mosquito poptilation through fluctuating 
water levels in its reserv(oirs, combined with the occa­
sional observation t re(uced snail p)opulations in some 
tropical irrigation systems; vhere water levels have 
fluctuated has stimulated ( onsideration of planned 
fluctuation of reser\'oir levels as a method of snail control 
(_auoix, 1958; McMtullen, 1962al)). 

When strarnded (il dry land by a falling water level, 
snails that transmit schistosom iasis, especially Bionpha­
laria, make little or no attempt to escape back into the 
habitat, althOugh their degree of activity would enable 
them to do s(\ Wile), 1957, p. '1)). They are thus exposed 
to the risk of death by desiccation, by the action of the 
heat Of the sun, or by cnsumrl)(iion by terrestrial preda­
tors (land birds, wild rodcents, pigs, others), normally 
urialble Io reacth them, amd a large proportion of snails 
so exiisend perish. The deatli-rate depends on length of 
exposure, ral)i(lity with which the water level falls, 
preence or absence of shade, and relative htilmidity of 
Ihe atmosphere. Prolonged eXpOsure, rapid fall of water­
level, absence of shade and low relative humidity all tend 
t) inc -ease the leat h-rate and to accelerate (leath. Thus 
rapid and regularly repeated cianges of level might be 
a useful ann practical means of controlling aquatic snail 
hosts in rertain types of irri gati on channels and reservoirs. 

Based on a laboratory study using Biomophalaria 
glahrata, lohin and Michelson (1969) suggested draw­
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down rates and timing to strand snails: 

". during the day snails can he tranded with a vertical rate of 
drawdown greater than 23 cm per hour on a 5:1 slope and 0.1 cm 
per hour on a 100:1 slope.At night the rate of drawdo'wn can he 
reduced 8)2 petr(ent or e%en greater, as snails are thought to reverse 
their rrgratio at night, In in analvis try mathematical nordel, a 
svniriretri(al pattern of fhlcoation 0f vater level (het suiled to 
reseroir, on) rivers of riedium .,v')wa,,estimiated to strand snails 
rost rapidly if the periodi, of flu(tuatinn were 5 in 10 dav. The 
asymmelrical patterniappeared to he more effective than ithe 
symnmetrical for fluct(ations of lip'sarre frequency. The periodic, 
rapid ,rticharv'from snoh a restr.ir might ako flush snails from 
rlow.ntreamnr hal,ilal " 

In follow-up field studies in Pluerto Rico, 10-cm (4 in) 
diameter ;itphon spillways were COInstructed in November 
1967 on two ipolnds cotitainilg stalile popuilations of B. 
g1ahrata The siphots cause periodic drops (about once a 
motith in the rainy seasn) in the water level of 0.5 
netres (1.f64) feet) in o(e day. By October 1968 all snails 
had diilippeared from the ponds with siphons. In tWO 
untreated control ponds, snails (out inLled to be present 
in stnhstantial numbers. 

The crawdown rate reqtuired limlits this technique to 
small reservoirs. Suclh reserv( irs generally employ earth 
dains. The requisite spillwav and gates, or other nechan­
ism. and their operation and mnainteiance, could be 
prohit)itivelv expensive. Pipe sihlions, particularly mass­
produced of plastic, could he feasible. Earth (Jams 
require thal the horizontal pip;e across the dam be of 
considerable length; the resulting large volume of 
entrapped air (reales irining problems for the siphon. 
[or example, one of the Puerto Rican siphons described 
above loses 200,000 liters before priming, almost as 
large as the drawdown of 210,000 liters. Since the very 
purl)ose of the reservoir is conservation iif water, losses 
of such magnitude are ,generally unacceptable. 

Development of inproved siphonr designs and further 
field studies would seetii to have merit. 

Night Storage Reservoir's. 
The practice of using small reservoirs for overnight 

collection and storage with dli'trihliti(Ot the following 
day is condem ned by all authori ties. Such reservoirs tetl(] 
to have fantastic densities (f snails arid cercariae ann 
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disseminate highly contaminated water over the area 
irrigated. Where indispensable, their number should be 
reducel by using larger sizes and they should be 
completely emptied during the day-no fish culture. 

rivironiwntal Sanitation 

ffe( tivenv,% of Sewage Treatment. Primary sedimentation 
for the, ustial detention periods removes Ihe "majority" 
(lines, et al, 1947c) of S.Japonictm eggs and 83 percent 
(Rowan, 1964b) of S.mansoni. "In practice ova of S. 
iap )nicM in ettled sewage couIld hi' expected to pass 
the trickling filter and both Ova and miracidia would be 
recoverable from the (ff1Lient." (lone , 't a!, 1947c). 
Ro)wan (1964) found that trickling filters remove 99.7 
percent of S. tnanoni eggs. The aeration tanks of 
activalted sludge tanks aplR'a r to be an excellent hatching 
medium, although most ova are removed, e.g., 99.7 
percent of S. man oni (Jones, et al, 1947c). C)f 3,967 
lahl)raiy-raised Aitrah)rhis g1ahraIa sinails exposed 
to flowing c'fflUenl from trickling filter and activated 
sludge plants treating ova-containing wastes, not one 
acquired an infection of S. niansoni (Rowan 1904b). 

lones, o't a!(1947c), found the maximum survival time 
for S. jaj)0iculI1 in anerobic dig'sting sludge to be 
aIpproxinat(ely three weeks and on sludge drying beds, 
fiourhcne days. Also that ova of S.iaponicum are 
e'ffeclively r(moved from settled sewage by intermittent 
sand filtration.a 

Sewage stabilization pon(s hold great promise as an 
('conomic il t ces , for use in developing countries. 
Kiwata and Ktuise (IM6) found maximum survival time 
of S. anmn(ni in anrobic ponds to be 10 hours but 
that,')ic i(l af(ultlative ioiids "Iarenot likely to 
supplress the hatching (f the eggs or significantly affect 
the survival Of miracidia Sochi tooina mansoni or the 
vector snail." They recOniniend therefore the inclusion 
of a preliininary an(ro)l)ic chamber in stahilization pond 
design. 

Based on studi('s in Puerto Rico of S. nansoni eggs 

and miraci(lia, Rowan (1964,la) recn()n(iends chlorination 

a78 iiv , f d nof ivv'ti(' (,) iii tj, <inict liti i of 
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at a level sufficiently high to give a 15-minute residual of 
at least 2.5 milligrams per liter. Jones and Hummel 
(19471)) found that miracidia of S.japonica were killed 
within 30 minutes after chlorination with total 30-minute 
residuals of 0.4 milligrams per liter (0.6 for S.mansoni) 
but that S.japonicum Ova reeuiredi up to 11 milligrams 
per liter for 30-minute total residuals. (Also see 'chlorina­
tion" under "Water Treatment'"). 

Aside from anerohic stabilization ponds, no conven­
tional form of sewage Irealnent, wilhout chlorinatioi, 
Call be said to remove ill eggs at,! miracidia. There is no 
epidemiological evidence to piedict whether one or a 
thousand eggs isthe threshold value for Iransmission in 
a given locale. Chlo1rinatioll ( f ';swige efftluent is rarely 
practical indeveloping countries. It" the ipurpose is soely 
for schislosoniasis ( r,trl, hle money isprolably better 
Spent on nlo tllscicides. The rellatively low cost of 
stabilization ponds isof parlicular import in developing 
countries. Their ahilitv o (lesl uuv schisthsome eggs; and 
miracidia is as those nitiier taiutologists, Ihe admen, say 
-- "all extra added bonls". 

Iffe tiven',s of SaJita in a,. d Contiol Measure 
Sanitation alone ik unlikely to (liminate thik disease. 

The role (fchildren in mintaining the schistosoiie life­
cycle, the need fi sanitatiou in fields, as well as in 
homes, ard the tllenendLu< inult iplicatioln Of even a 
single evaicuation Ull) to 1l,(0,0 cercariae rule out 
such a s lution. Sanitatimln lm\,lowever help limit the 
freluen v a d - ,eril O f schislrw miasis infectiolns and, 
of c ise, is tisuifi(d as i Onrliol measure for other 
equally debilitatingl diseases,. 

Plkli( \Vat'r Suppvl 
Stor,le ' . Since schistosom' circ:triae [eris'h ifler 24 to 
72 hours ill watir, stor.agu. it e0,111 2 davs, can be us('l as 
an effeclive methOd 01f t'Atlil'. htrage, lanks should 
be protected againlst . ,d,,',i'qvpti in Ireas endemic for 
yellow fever. 

Coiago/atio1and lilt, tion. 

Aluni ill the stOlr ,,C l ( (' ilplO'eu' for,nricMnls 
water purifi( at n does n )t lesrt cerca ri'ie. (loi 'sa11i1 
Brady,, tl) leriii I( 7: \\'itelnherg alr110 Y'f,,19,17d . 
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1938). They become entangled in tle flocs but soon free 

themselves and swim above the sediment, Although 
limewater has beien shown to affect cercaiae, Witenberg 

and Yofe (1938) demonstrated that the lethal activity is 

mainly due to a high concentration of hydroxyl ions 

never reached inwater treatrent plants.(p-I of 1.6) 
Sand filters are ineffective in removing cercariae 

(Wittenlberg and Yofe, -1938). Cercariae are removed by 
Brady,lre-coated diatomaceous earth filters (Jones and 

I9,17a).
 

Disinfe( liion. 

The effectiveness of water chlorinatliol has been 

extensively investigated. However, most of the work 

prior to Wittenberg and Yofe (1938) is inconsistent as 

virtually no ex;ei'irnental attention was given to pH and 

little to contact time. Wittenlberg and Yofe reported that 

S.haemltohium and 5.mansoni are killed within '30
 

minutes by one part per million (ppm)total available 

chlorine for a pH range of 7.5-8.9. The most recent study 

(Frick and l-lillyer, 1960) found that minimnal free available 
mansoo cercariaechlorine concentrations inactivating 5. 


in a 30-milnute c(Ontact period at 20'Cywere 0.3 ppm at
 

pl 5.0, 0.6 ppm at pl1 7.5, anti 5.0 ppm at p-I '10.0. The 

World I lealth Organization reconmends 1.0 ppnll 
-,Op1, given (WHO,chlorine residual for 30 minutes With 

1965b, p.102).
 
Cercariae are destroyed by heating to 50'C (122 F) for 

3 minutes. Water for washing or bathing can be effec­

tively treated by cresol at 100 ppm (Thresh, cited in 

Pellegrino, 1967). Seawater with a salinity of 3 percent 

may be considered absoluIitely safe for bathing (Ingalls, 
1946). 

Water for Bathing. Laundering, and RecreationalUse 

FaroocI (1966ac)has examined theler,onal, social, and 

religious habits of the population of an Egyptian province 

as they relate to water contacts (see Table 14). Frequency 

and] type cf water contact varies greatly by age but 
arecertain major oplortunilies for cercarial ;nfection 

noteworthy. For young males, virtually all contact is 

through bathing and playing. Urin.ition is common during 

this activity. For older males, prir'cipal contact activities 

are washing of cattle, alblution, and wadlu, the ritual wash­
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TABLE 14. FREQUENCY OF OUTDOOR SOCIAL AND RE' IGIOUS WATER-CONTACT ACTIVITIES BY SEX AND AGE" 
[A ivi -. . - - Males Female 

Total 
(ycars) Totil Nto. of ac ivites inago group ltjal a(fiitics 

No. of .i"iitw i age ,Lrou 3cti; re .var- (t, t(, both 
(-4 5-1 10-14 15-24 25 - No, 0-4 5-9 1(0-14 15-24 -4 N, 

,Washing clothes .... 3 3 . . 31 57 63 154 10 157 
,'ashing utensils 2 - - 2 - 37 230 173 192 236 868 57 870 

AWVashing aninls 1 11 3.3 18 65 9 - 1 3 0 10 20 1 85 
,Washing vegetable .. ... 2 5 4 11 2 - 1 1 ... .. 2 - 13 
Bathin,, and playing 194 129 20 7 6 356 50 208 39 -- 3 7 257 17 613 
Sw inming - 12 9 -- - 21 3 -- .-- -- - - 21 
Urination 5 1 -- 10) 16 34 5 4 - - - 1 5 - 39 
1Detaeaomn and 

urinlatio 7 10)- 4 26 47 7 10 1 - - - 1 1 :3 
AlutiOT 3 -- 1 8 40 52 7 2 .. - 2 - 54 
Wafu - - 2 15 71 83 13 - - -- -- - 88 
Taking vater - 1 1 -- 4 6 1 -14 30 70 105 219 14 225 
lAngling - 13 9 1 23 3 - - - - - -- - 23 
N e t-fish in g -.. . . .. 2 2 . 

Total 210 170 57 82 191 710 100 261 239 238 328 422 1538 100 2248 
Observations by Faroq and Maltah (1966 in Egypt. 



ing of all Muslims before prayers (five times daily), all at 
ill(water's edge. Young females bathe and play fre­
tuentiy als but the most frequent activity is washing 

of utensils. I itensils are v.,aslewd by women, accompanied 

by clilIr(ll, ,til,(liinigillthe water or snn(tinis Sqluatting 

on isom. Ihe estim,ted Iocly-,trfat 'exposure is 20 

)('(uit. W ,,li , f h '- i'(,dole insimilar fas.hion.
 

To take vier, (I Iy limlis only, tHey wade into
 
Ilnc v,,tlr t()v&'1h, 1r1i,'d fill !alias
', leir ea rth enware 
o)ridva,. 

ProVisimon d 10d ilities for bathing,, laundc "ing,
 

aInd r(cr,,iimi nd1n, lbu, is ('Ohwn a mere conven­monwn 

iell - evei,i if it is lily i(lug timid eparite from the 

manal lint kept (lar (of vegetttiti and rnhish and treated 

regitlrly with n01lh1,iscitdli. 

Agm ultiral I'acli(( 
(rep .lti(on. -lhe ,le(ti.i ifferps thl require less
 

\aterlsk i,(h)viulo,
Iwhtilii ((nlr+il iiieasare. Thus, in
 

Fg'I-t, li I v\ ( hi,t ,iiniasis
e he ie of ,( isless inareas 

vh ,te wI all andlm y a' pr()vnl a]nwhere rice is 

g.,iiwi .C;()1 r tati in n , 1111t,, isible irrigation prac­
oe,, tha (t(hult nt snail Ineedin ',,pitev (specially
 

( )/unimIunial. 

h li ( /)/,I(e''ltihlt Ii( 


in ,ir,i hwdti#id with sorme regard
1111 i((s rmay I, ,,( 

to e,,i ns ill-,ail iree(diu s"()that the1 iI fli( ttti 
w' er ma,' Ii,ltlrned (11fat ,,iil'bl il,'Ivats to interrupt 

lii,,m livily. M ir I(edin,Lerh (l, may nm (htr (ne or 

inn((, tin,, 'l \I[ear i)tit mrstthe I),tern he kinoiwn before 

il,i ti u,, in a 1i(ha lvi, ill' 'at -anbepa li,n, '.t e[ iirs 
u stw t ( ,l H ati('s,temn t ,.iil I 

Theipia tict " igii(,in , e inirows sim­()1(fl uti 

plilies w((l (()tll() , (l The attendant
ini tx'(', \'iiltl. 

(tultixatieii o(1( 1 lin'iti ,k)n(emliLan, sniails inl the
 
fields, Is fit,ien (l,11m(lil ritl in
'(t Leyte amd Japan 

,tn ri)Ii, 


East resilt illthel tifiiation ()ihabitats ftorsnail breeding
 

,Mul ill the 1tiai.niiss'i.ii (it ,chki(st.mliais. Evidence flow
 

sliuws that rie ti 1 ie riVli iLtlike many other crops
 
vilttiut .tailtlilp water inthe fiisiii. The tradilio al prac­

lice htevellilienu frmii the desire oil the paiut of farmers 

Thu tadlitiical nilh - growing in the Fr 
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to have sufficient water stored in Whe rice fields as 
insurance against possible drought. 

It was (emionstrated in the Philippines that irrigation 
water can be turned off after an initial application of 7 
cm, and then additiomal iri ation applied when the soil 
begins to show signs of drying. B3y proper farning 
practice, itwas demonstrated in tw Philippines that ina 
field fhere rice was gnW,,n hy I mciing, the number of 
snails average 220 per sqare neter. After tle adoption 
of intermittent applicalion of waer the, rnber of snails 
dropped to less than Iper ,(iiaivrenelr and the yield in 
rice increasecl by more than 5() percent. The application 
of irrigation at intervals of ahoit! ten da",, i oflten 
adequate to bring the ni)p to ,,,ta(t y harvest (WI10, 
1968M. Inlanan with the inirocuctioin of mdern agricul­
tural practices ard inipi ) (diriigai on, ,crhistosonia;is is 
being rapi'llv elimilhnted. 

The developnilt of new pipe technology has made
 
sprinkler irrigation ni re feasible inrcent years. With
 
some crops. such as potaoes 111(1
stugar beet,, the applica­
tion of water in( reas, piroduction even in areas that are 
well adapted to i.rijgaliuo trll)ditches (l.auritzen,1968b). 
Such irrigation uvold ntiha-iy([inalha breeding sites for
 
snails. 

Land Iretara(0)11 

Land leveling (ontril)uth, greatly t(o irrigation efficiency 
arid reduces )nding and ece',s water, thus providing 
an opportdiinity to eliminate many snail and mosquito 
habitats. 

Management 
\Veil-managed irripatili Iir(ujts Iboh increase agri­

cultural Ipriduc ti)n and (,nihen( v\ethor (iiltr(Ol. Sic(cess­
ful nianagement re(ires a ha. kdrop of adequate
 
administrative and legal powers, and real (oordination
 
belween agrictiural and hieaIth authliitis and
 
specialists.
 

Mechaial Hflar,r 'Ind )( re 
Whero a reseivoir serves as a nursery foir snail l)rol)a­

gation, screens ir othr harriers may he placed at
 
entrances wdiversion canals. The Ii ng-run effectiveness
 
of such screens seems doublful--a mesh srnall ,nough
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to stop all snails, including juveniles would be so close 
as to create loss of head Problems; would be readily 
clogged by suspended fines, debris, and vegetation; and 
would require continuous maintenance. Private dis­
cussions with irrigation and public heal th engineers 
active in enlemic areas indicate that screens have not 
generally been successftil. 

Screens are, however, an established cintrol procedure 
in the (;ezira irrigation scheme (the Sudan) which obtains 
its water by gravity from the Sennar Darn where "ex­
perience v, th the screens in the Mariagil lFxtension has 
justified their use" (lalihvini and ed Den, 1961) in pre­
venting or d(,laying infestation of new canals. 

The (;e/ira screens are maide of iron rails and wire 
screen wit h 8 nmeshes to the inch (approx..3 per cml) and 
the barrier rid its iron angle supports are painted to) 
prevent rrst. The hartier is more o)r ,lessL-shaped, with 
the 	Iower sides of the "I" ,swolriier,,ed irid at an angle 
of 80" t() tie erect part. Albml 20 cm (0.65 ft.) of the 
erect part is suminergeld and the remaining, 6t) cm (1.95 
ft.) is alIbove the water. The width is 2.15 met(ers (7.0 ft.). 
It was nrot possible to) s-omli'rge the barrier for more than 
20 cin due () oijectiris from agricultural authorities 
(Malek, 1). 49). 

Rulatioo (If Iongioein'I to ( Ireoi(i1 Control 
It cannot be )w\'r(uIlplhai/'rh Ihit virtually every aciivity 

or stillictre nhesigned for enivironme tal c ntrol of snails 
enhance cheiniica! control as well as making it more 
effi( ient, morel eff tive, in'l h s trqurntly necessary. 

Arlvaotage, anioi Liitationm, of IiviumieitI Control 

The W oIld I lealth C)rgani.',ioii has siumari/eh these 
thusly: 

Advantage',, 
(I) 	 I ur:al lali r and nateial, ciin often he used. 
(2) 	Under (,,itain ( tnIdimli(oIs,priir(ulioin is increased 

throitigh titili/ati ( If %' land.\vast(' 
C) Imlirov'ec irrigticn and agricin ltUral methods 

generally 1,10' lh1 iriihIer Of snails and increase 
crop yielchs. 

(4) 	 Such a irogranii'n wIl cnmitrihiui( to the control 
(i filt h-hiorn, ard arthinotiod-tranii ted diseases. 
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(5) Such measures reduce the area in which it is 
necessary to use chemicals on residual colonies. 

Limitations 
General 

Envirommental control generally requires a degree of 
co-operation betweeni various Pu l)lic se rvi ce agencies and 
the loca! inhabitants which may not he easy to attain 
because of conflicting interests. 

In some endemic areas, e onomic and educational 
levels are not advanced I theloint where the or al 
inhahliants are capable (0?1lj)loyi g myhrrern agricultural 
practices and economical water use a, a mreams of snail 
control. 

Environmrental control may hre very costl\ .ince it 
usually involves heavy capilal expendilure, careful plan­
ning and close integration with other engineering activi­
ties. 

Environmnmal rolrmto, ltlhonnALnr rfrrecl to asnftqrr
"/permanent", always inl\'rl(\,s c(r114,tait e'Nrl iture for 
maintenance which must he c( ,cidcrreCd in cost acCCOunting. 
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CHEMICAL CONTROL OF SNAIL VECTORS 

Introduction 

Chemical control of the intermediate hosts of schisto­
sorniasis is redicated on the assumptions that they are 
the weakest link in the life-cycle of the parasites and that 
molliscicidal conpounds (chemical compounds which 
kill snails, i.e., moluscs) can he used to produce rapid 
and( devastating reduction in snail plopulatio(ns. In prac­
tice, molluscicides have not always lived up to their 
promise, largely due to the diiversity and extent. of the 
habitats, the pliysiological differences, the habits, and the 
ecology Of th1 lack ofbarious saildil sWCies ilv(lved. 
consideriioa of one or more of th(se, factors may lead to 
the selectior, of th, vrong compound or formulation, the 
use of iiadec uaLe equipment, mid inefficient methodds of 
application. Control will riot he satisfactory unless an 
effective mnolluscicide ( onies in ( ortact with practically 
all of the srilS in a given halbilt, (f411n a difficull goal. 

Advanlges and limit,,tioll 

The most effectiv, mollL!i,( ides will d(e1rdiy schisto­
sonme cercariae and kill ,rmill,nearly all, the snail hosts 
and snail eggs. [buns tralsiission 0t' sChistosome infection 
is stopped almost inmuedliately. I linfirtumately, repopula­
tion of bodies of wate'r usually occurs, requiring tile 
repeated alpli( ation of the (huenical to achieve perma­
nent control. I lowever, it has heen possible in certain 
instances to era(li(ate th,, snail hosts by the application 
of mnlolltsci( ides. These instances iave involved relatively 
simple plhys( al and ecological situations in circumslcribed 
areas. I argc-scale eradic,itior has not beeln achievcd by 
chenical muethods. Ihowever, the levelopment of more 
effective mollu 1(ides and more efficient methods of 
application gives hope that lis metlm will become mole 
efficient as tite goes on. 

Chemical contol of snail hosts isusually in the hand, 
of trained iersonnel. hl, (ihiration is frequently under 
the Cor ol of one agenCy, the pl)li( health administra­
tion, and thins oes r0ot nomnally requir(, the :colh),ration 
of other government or lrivate organizatiruns. Ilowever, 
in certain instances, othor agencies have supervisory 
rights over water critrol and agricultural Iaid involved 
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in the o1eration, and here the cooperation of these 
agencie's isessential Ior efficienlt operation of the pro­

of ,nail hosts does riot usually 
gram. Chemi:Cal ()ntrol 

of the 
inv(lve the alilvi e cooperation of the poplation 

essential for other schistosomiasiS 
area--a Cooperation 

1d1 ofteni diffiCUlt to obtain.
contol lrocvd[IltIIs 

lhi' ap liitionl of lo (1hls ici(1e5 is-,exclisively a ineas-

LIrefor colntrolliml t l, iot(,tl(liite hosts of hIman and 
k e nts. Certain other methods

anfimal soail-holii' dlisa,e a 
n i l s i iof s litosm contll (Ontlihite to the control of 

ihe lle )iV tlell/e t ol alll illlttlral !r)lo-
Other diseases or 

"t of onle Iir( 111 \'i, that of another
duction. I he ( 

I takeln into ( ollsielation i planiing any control 

In l Illhusci:ides 
eu 

)rograu . thle ne) e"ity fL ileIl li((ti Io 
io e too exIpel­

O)ver a loli', Ieli I (If tillil' nlay Ir le t 
e . 

lll ,isti(s I1Ma' IlL I1r(fi'iIlotlh r,ive, andlLI 
in vaIryIg

Nearly all ('f1(1 iiv' nlllli(ile, Ire toxi 

l well. S11ineP IIILISt
he. 

to other Migtklll s as
Ileris sential 1o (eistlre that

i i l iili (Lire. It iS,haundled with 
I to hldies of water will 

the apliatioll if the I ll,-nlik 
latiolu .ooftIanimalt1he h1ii1ni0
lot reil tin 1lii It 

' Of the aIIatic fauna
(tti( hI < ,ilJ t()<i( to IMu11M t i 

,I(i oiile it) Ithe tl(ii. tf ,dL in inlpr l r concentrations, 

they maylii rin ( illiv,ite ( i1)5,. Thus, far, there is no 

1) \ 111(IlelLi(- als to )hyto­
eVirl LP ot Mi(( IMtldtioll ot ,iniv 


moil,,ltlL mu'h th( Mslhility should

tI\i( levels ill the 10 


I1wklht inl iin(.
 
. ,A v , , ' l l , l, l>li l i ( i0l 

id Ie , atC Vlilifl that (1e he used
Is
,,lhlltii 

l of li il- n li i . 5tratgegy

si tlS iIlV i l tl e( ottitthe o. 

for their ,ili(it1<ilil I ,llIt\,\L. Li, lhtl le v(l(l1) I to 

os (lL tk\(itniw. Ihis stategy may
((hltlil nlli\ilun 

tol ,lif il w err b ies iiigii ttl ',(s olem s. (1ins,
diff('i \%.',llel h m ,,i,.((.) 'IndI iTwi lilal 

in l ' ds, li( hlo.,nnill (IayIlis­
tllliltg ( oitoI r!pholineIhi t'VwI (tl I ,i$1er) and N-I'il , hil

I.i(l,mn mllIlwd(I)v~iu 

I b y' li, whlich we'le develhoped

(1le"(<, oiil in1,1n1111 u1m ' 

( hISt1lii(( 1 r( iiIlh'aviilllyle anddic ,Ic(IL.in JO p ,lt ic 
llt iciL s" of ll ioiI ,g~lils ,l(I1iat

,lie t Uiliotlh' tlhe in 
,

ur tall wlli aitit t
na1ils l lhIheugh'iiilplin i t 

I ,it. NilIosh L iiide 
0illll iS1hi,,ill, ,linlllii/l(I in 

hias the Ivitit thai , ilthlligh itkills "nails, s-nail eggs, 
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and also schistosome cercariae, it is not toxic to nan and
has a limited biocical effect. It is noncorrosive, reason­
ably persistent but not permanent, and is degraded by
sunlight into harmless organic chemicals. Its disadvan­tages are its Iiigh cost and its letlal effect on fish and
and sonie other ,ltLualic ainnals. 

Niclosnmirc bad prove(I difficuilt to tormiulal e itt ,
as a dispersible wettable pow der that tended to sett, out 
rapidly indispensers. Now, however, it is availale as an
emiulsion cc,icentrate with 25' active ingredient. In

general, this hirinuldation has been well received and

satisfactory result[
hve bee n oblained with it. Although
it is Iore expensive, it alpears to he moire elficient arid
easier toaly and nmay theirefore prove tole clre'alr 
on a costlelficieicy hasis. 

The formul,,tion was apparently quite ',ible follhwing
prolonged ( sur Otosunlighl at a wIe ralge o)"til­
peratures. The I[C 1 for IRiomphiaHia pi'if fih

, -
for a five­hour exposii tinic' varied betweenil(.t and 0. 15 mifli­

gram per liter (nil; 1), aid fir 1u/io, l'/v.hisil flhh su'
between (.23 ar1dt-7).27 mg . 1 w II , %is ().l Iug"hft
 
Bliolnplrlal/iapi-if/ti ,lid 
 mg I fmrnlflulinu ,plii thr 
siS) ghoso, (figulrei thal a1e threti(es h0e10er than
 
those tor the ,vettalble mi.(hle). I[o
m h1l)Ii'll'Itil lli
St Lucia the I to,for i 2.1-hrlur io u rid t18-hour
 
rccovery peirilul niigicIltoii WI1.-.(l irg', i.'., the
 
sale range, as with 11w wett1ahile jiw.hr ; the I(. 
 was 

ll newabout 0tu0i i. . he toh lllition hL,s strolig ji i­
(idal a(ctivity. 

N- lrity oih(11/ din . 
JIbis collipold h liu' ,idvilirtis (t Iinig elhclive


,l an e\teniiIN ()mn
how eotrati1l1 aid w 10a11ii
 
limited neral lbioi
Aii lion. M\hevl , it i,
relatively lion wshsn lielmig pirmnentil ill wter.withoutl 

e mlh 
COILcel tillioil. 
II is the mitl i i idh, kniowni, oolluscic i(Il 

r n gi I lli ()I1i. l).,ig I Io onu'-liotir
exio',liic, ad bul (i.()t-().t)'l11ig ii f rl\I2Ihnimliir stmrs. 
\ltio I if li(l to ,r iO lo(t 1il\i( lrt ,iig ii 11these 

conditions, r(ce(irt v irk ,inws iat with prolonged 

a c IT, in hqth,i u , li l ,i w, bIt '", (if lt suihl, dii 
fir .igiven vxi),-II t' tI(' I(s kill, il . 
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TABLE 14a. 

mhysial 

SIIIIIIilI' n 
~v~ti'l 

Sn'4i( 

snail egg" I (, 

0Inr ii.. I (. oV 

ksI 11jC 
0uug'ih 

oft, oITl, 

It) ngkg) 

at tiv lv 

(afeld by) 

UAj..lgh 
Mild, turhidI 

I ~ 

*\Ie.d~ii[10l( 

gIlltI 

safe 
sile 

IllOIl~10 
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AND THEIREFFECTIVE MOLLUSCICIDES 
CHARACTERISTICS
 

Nidl a-

"AIk yI.I-

I lll)I1a 

1111msaIll 

Mflt()j)d 

2( lhIgf/I 
I)do 

-tI 

2-. 

OA1f)! 

0.05-0.1 
QLC.) 
5000~ 

110 
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Niclosa- N-trilyl-
Characterksic mide mirpholine, NaPCII Yurhmin 

Field tlhiode
 
Aquatic snail, .1-81 1-2 50-80
 

(mg/I ,.(h)a
 
Amphibious snails 0.2 
 -- 0.4- M 5 

on moist soil 
(g/m 2 ) 

a The term "'lgI -,h- incjh atets that thelfigti ,s gisel . 11iiil-- Fpr iU( I 
of tthe ((riluntf,1i1i) and thei umher (f hour. of txpjisii .. 

Source: WHtO (1973). 

exposures it is ovicidtl. Large-scale trials inlseveral 
CoUntries have denionstrated its efficacy in controlling
snails both with Ve'y sh irlexpousures (4mg/I for 15 min­
utes) and with projon,,'Vd applications (0.075 mg/I for 15 
Clays). Most of the data a'ailhle indicate that Ifl/iout 
species ae les. 
h,,ceitihle 1o N-tit svlnitlp/olin, than
 
Biomphaari,. Ilnirtain circur
t1tance,,ithas proved pos­
sible 1o conltfol snails %vilhlult harming fish poptlul,)tio,.
Laboratory aid field stidwies show that mud,v'getation,
and lit have liltle etl t)it the aclivity of N-tritylmor­
pholiie, )uLt
hydrorlysis to Itiphe.nyl crhinll with loss of 
activity may ()(ct iii,(-i(li(iwilter,dcpinlding uplln thew

initial con entrati ins t the (cotprihcncl.1hw,tate of
 
hydrolysis isrelatis.ely high at li.w pIi valies (7.()),
but
 
decreaes ally &garitluica, the p Iin(eases. Re(ent

,bservatiis cshow
thml t1 ( Mil totl hnal~ty he ahl'rleld 
by silt plirliches that sil)Seqtwnrtly etain tnrolusit idal 
activity ;ora tim.tn l elwdolwn oifhie rmopocind aInd 
its residues in soil arnd ri( 0h,',I('01r studied, ,dilit is
 
inot cotisiderec likely topresrilta t)\i 
 Ia/,tr( to nal or 

animals. 
N-tritylnorpltinli isnro,. availabe as a 16-5", veil.ht/

volume enlulsiln (ntrat 'Ind inl g'ranules (l,' aclive 
ingredient). ,sthe micetritre c 
r be ,pipplied by means 
of a drip-feed technique, it isparti( ularly suitable for 
large irrigtion systems vhore puolnigecd alplication,
!J:;itlg continuous low dosa'e regiiens, liray be required
to ensure adequale [ent ratliMin.Tlre graular fori'llation 
may prose suitable for selettive mollusiciding inl imn­
pounded waters. ]he cost of N-fritylnorpholine is con­
petilive wilhlhtl of cther available (imptiunds. 
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TABLE 15. ADVANTAGES AND DISADVANTAGES OF
 
SELECTED MOLLUSCICIDES
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easily miscible and, if stirred regularly during the appli­
cation, wIl form a stable suspension. 

The 5% granular formulation is used as a spray at the 
rate of 5 g/m2 . In field trials against 0. nosophora at this 
rate, 80-100% snail mortality was observed. The lethal 
concentration is a little higher for fish than for snails. 
No apparent toxic hazards to man or vegetation were 
detected. 

Hardness and suspended solids in water have little 
influence ol the molluscicidal aCtivity of 'u'rimin 
although the pIll affects the toAicity---tlie cOMOund is a 
more effective mollu:cicide in alkaline than in acidic 
waters. YUrimin is not affected by tiltraviolet light. Like 
NalICP, it uincotpl(s oxidative pIh ,phorylation in amal 
tissue. [rhe cost of the gratular formtilationi of Yurinmin 
in Japan makes it conmpetitive with NaPCP oil a cost/ 
effectiveness basis. 

Others.
 

Sodili l)enta( hlorlheniat(, and c(opper sulfate 
are still in limited uSe. as1,uo(llus(icicides. 

Many plants from different Plarts of the world have 
been reported to1)()ss(ss, varying degrees of mollusci­
cidal potency aid man malian and fish toxicity. Altho ugh 
plant niolluscicidos m.uy not be coiumlpetitive with other 
existing, syntheti: ni;olus ici(eS, thy may be useful in 
the control t schisto)sojniasis in rural areas on a "'self­
help' basis. Eni(hId 'Ih,,:u'aua(Io(Ie( anr iias been the,l) 
omnl)ouII(l most extensively hnvt',tigat('.1 of this groLJp. 

Its active prim ipile is a triterpen i,'gl\'( si!,' t:dt is highly 
soluble itl water. It has undert, ie lhlhoutoy ar(I limited 
field evaluatioIs an hadgive'n',l(rraging resullts ill 
fairly laige fheld trial in Itliyi,. 

Applicution )f , hil,(i(ii(', 
T o)titlle r i ( iru-r rt i -l 'xl n ur tir it' ,hi IhiI I) ,b 

(et.rm ined for ('aY( mfiIi ,( i iII'. -lt1 Ipr nluCt of OW 
twIi v riflle', i, rit t w ' ilv a ( mistiitl; if lhe (,xposuire 
time is dm hled. hi 1'+,sii lh'(,Iu e'ffectiv' (mtict' llatioll 
is n( t rl(,(i' ,,ai\, 1' . I , I e(,u'\ ostlre timi' rmrayliik 
be limited by 1h, , fi' ( tt' I0, "m h fa to rs as stin­tit' ,rli 
light, silt, the lueruuit al ( )mip ii() of Ih water, and 
organic matter. 

'Tiie mretlhod of applicalionl is to soillt, exent governed 
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by the type of formulations a',,ailable. Emulsifiable liquids 
and soluble chemicals can be conveniently applied to 

flowing waters by fleding at a more or less constant rate 

at the head of the watercourse, and '.o impouncled waters 

and swamps by spraying. Spreadable oil fornulations are 

parli( ularly useful in the treatment of reservoirs with 

heavy and dlense vegelation. Wettable powders require 

so1me1 means of maintaining the (hernical in suspension 

cluringlte Wapli(:atiol period. 
use of nonIovi( idal nilltis(-CciCles r(quires special

"he 
metlhod of effeclive snail control is

onsideration. ()ne 

the so-called Spiit-(105e treatment. Thi, cnsist5 (f two
 

thre(,weks apart so that

applications spaced two to 

snails hatching after tile first ap.,idicaticn aic kill-ki by
 

-(JOs may also be applied

the secon1d. I1hse mllus 

monthly duting the transmission season.
 

d apI)lica t tn (ower a

A third method is the polonge

period of several weeks) o a very Ik.w(on( eritralio in 
,


((1lir .the flow ()twater is, L
irrigatio systenls WheI(' 
This ilethod tould nake the treatmleit of large areas
 

and (ull aso be
 
possilt' at vr'y lov al)l)licatiori (,-,t, 

in naturalCinsiidIer,(l for single-littiri al)lli(tiorl 


water ( )oll('5. mlhlld W~ alplli( 111m) ,.'.ill
he'aff(,ecd
Selectio~n ol a 

it tf Ot h(,mical is high
by Iany fah). \h'li'tlm 


the (s(' tfiiiore (o llex

in lelation to that ii Ilit i, 

lhe dii lersal of
(liseriir,i metl ols may he utifie'tl. 
one large irri­rolluscit i('s lby air(rlt isli(,ilg tS(tl il 

gated plantainii aIidla\ In 1uitable ltr (ttherlarget s\' 


111 0re I'a(t Cicot e(hUil)lllI 
t .''ill 

irligationi ,(he ,, t tIndl the lmdltl'scic:idede~pend on the' ,-,nil habitat 

fcmul at it m ilt ,t 
t tl ar' at Iprsenttr snail (,MIV ) t,'iialt (',ii' 


t rol a t oLnlto
1 l(1,a .It al (ontrol 
(,rtiitin',y: tI, i 


may be valtuule ,,,11 i' tralsmi'Iti i,limil 'ltopar­

ticular fo i,bi a (M ,uuallY tl ttiily Ira-

Ih itItaris .sitml-s 55itel'ad ii a water­lticalsh~ed]
alor rligalll ,yStlll. I muA1 ((moor(l (helonds 1n1)(ml 

i IM 1,Lt(i
the irlIIsl " 1(h

actil att' illi(iullli(n l h 1 

l I inti 
11'(l hahitatsIniitt' he Ireated 

i ithtliotmllwi( idimig. Il lihe(iltl rectuiles 

unit all ',nailare.i or wat' 

Ult than
iftfi(

'but,athiough initially itmay he nlome 


the result is likely tolie longer-lasting
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and therefore more economcical. 
Molluscicide aplI)IicaltiolS should be timed to obtain 

the most effective kill (t(snails; this is particularly impor­'ant inareas with marked easonal r eni'iriniental 

changes. 
After the initial app:iction, other treatnients wvill he 

necessary and the timin tlhee ,"willhe dictatel by a 
soLnd knowledge of the s1nil epopul,tiori Iotential 
and the normal parasite tran-mi,,lsin p)atterl. In addi­
tion, corstant field as'rlent should be liwintaiiitd to 
nonitor the etti( ieIv ()fthe A',stem. 

Applicati( t f % dIt/I i(h, 
The IlrI)OS of IW h tM al liti(r )t modiLhi(i( ide i,th) 

elin ilate !hr intermediate hli irillve(l init( titan,­,lst,, 
mission (4 the l( tirln. Sim (,tleurt''11e early lwa,, 
a few su rvivMts trtul+ ('\t~n110 r t \'igttrs ((nitt(rr 
cam plaignc rel+()(11hul, i )f l l ( Ilvim(iillflwlt 11(,1t1alv 
takes plla '(t, i(tgllland tll ,wi( rnnls,-t )e t'Ir'~ited it 
intervals ifcwitirrl isit,Il i, '(l I hi ((),,I ind elr' ­
tiveness of fth(,llt+l(it ldlu,1.,, :elypwli>,,1111 dependll( Imli 

on the rate at \vhi(It rt' iodn(t intin (,(uw,. I hei't'trrr, 
order tolretarul thw pw,it'ss I rw'mr ttrltir, all Ittenpt 
shoud he iiiach, t(rtI,,eiiit.' i, rims',n"i1 vvithill st', 
a drainage ir(,,as eveni, t'\'r'il nt thlt'tint
tuih i (dy 
snail c(oloies may not hr dIit' tchy lrolath tiati.1isiisiointo 
sites. 

Various methd. have I t.rt, ,''., fvorhe applhi­
ih, '-, ntil tf tle' m 

method (hehnerl-i', ,1a iIlln~in'i t tt tirs. uhndiig theOw 
cation (f mrollur i( ,, ,tsuitahh' 

nature of the snail h,~hitat, th, type,;id ar ( "'sibility (if
the body of water, the ailmtunt f Itl i, ilahfle, ind 
cost considera tiuns. In (titain htat)it',iri, 'tsilnllethe m 
procedures, sLi( 1 i. r iretI ippili(at ril()Ithei(remiial 

use ,n 
may be sufficient. Atttnwli( d(evi( -,hiv h,,,,n div,,l­
oped for (islen intig llu is( n 

to flowing water, or O the( imp!(de 'hra) eqpiolir'l, 

m ich',, aitd(hrill t,'quip­
merit designed for alpiitpti i, n,.,, ha, Ilrt\'e(ltrt idi',, 
to be of value. Method ,tt,;~ lit,tioln air' di'scrrl ed il 
detail in WHO lmtiograph Ni. 5(. 

,Equipment uLe,'d ratnges froun ilnd '11y1r' inmdust­
ers (see Table I9 tt s ru o 1ra(i t otr topuIsl[tt r,prayers 
automatic dispensers eslecially ttrti (tt(d 1)r fteding 
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molluscicides into flowing waters. The latter equipment 

is widely used in irrigation systems. F;gures 26-29 are 

illustrative. 
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MOLLUSCICIDE DISPENSER 

98 



N-Ixlle vaWr to 

kout 1 I ,n ImhO t.a1 

n Wi I'll, 

FIGURE 27 
DRIP CAN METIOD 
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Source: U.S. Ntvy Medical School 

FIGURE 28 
ONE METHOD OF DRAGGING 
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FIGURE 29 
FREE GRAVITY FLOW SYSTEM 

Toxicity to Man 
Generally a molluscicide, to be suitable, must be rela­

tively safe to handle, since in almnt all endemic areas 

laborers are relatively unsophisticated and it is difficult 

to engender in them an understanding for the need of 

safe practices in the handling and use of dangerous 

materials. The molluscicides i~ow widely available are 

reasonably safe to handle, although NaPCP in powder 

form is very irritating. Concentrated solutions should 

not be handled by common labor. This hazard can be 

minimized by close supervision, or the use of other 

formulations. However, the safety factor is only one 

among those that must be considered in the evaluation 

of a molluscicide. ,%dangerous compound, Aqualin, for 

instance, may be of sufficient Value m warrant employ­

ment desrwite the necessity of taking special precaution, 

in its handling and application. 
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ANNEXES 

Annex A 

CONTROL OF AQUATIC PLANTS 

Introduction 
The potential growth of floating, submersed and mar­

ginal aquatic plants, in tropical areas must be under­

stood as an extremely important aspect which must be 

dealt with for the successful operation of flood control 
and water resource developments. Aquatic plant growth 
can harbor snail and insect vectors of diseases of humans 
and domesticated animals including schistosomiasis, 
fascioliasis, malaria and encephalitis; greatly reduce 
streamflow and increase potential flooding through 
blockage of channels and co(ntol structures; interfere 
with powerplant operation when excessive vegetative 

material collects on trashracks or enters turbine pen­

stocks; and interfere seriously with the transport and 
subsequent usage of water for other pu rposes including 

irrigation. In arid areas, froating and emersed weeds 
accelerate water losses from storage and distribution 
systems through trarnspiration. Waterhyacinth (Iichhornia 
crassipes) for examph. has been a major problem in the 
rivers, canals and water impoundment of th Southern 
United States, the Panama Canal in Central America, the 

Nile and Congo Rivers of Africa, and in various hydro­
electric, fisheries and irrigation projects in tropical and 

sub-tropical areas of Asia and South America. The seri­

ous development of waterferr (Salvinia auriculata) on 

Lake Kariba between Rhodesia and Zambia is another 
example. The wat-urfern was established along the Zam­

bezi River prior to building of the dam and was tlushed 
downstreim by periodic floods into the water impound­
ment area. In 1964 the arc,, occupied by ihe plan, 

of 400 square miles. A similar probiernreached a pr .i 

developed in Nicaragua on Lake Apanas. Growth of 

water fern and waterhyacinth increased to cover an 

estimated 250 acres of lake surface. The reservoir (lake) 

became so clogged with these aquatic plants that power 

production w.as seriously limited. In the Gulf States of 

the United States and in other countries bordering the 

Gulf of Mexico, an eniersed aquatic plant, Alligatorweed 
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(Alternantheraphiloxeroides) grows profusely. The plant 

is highly aggressive and its unobstructed growth now 

blocks navigation channels, multiple water supplies, 

drainage and irrigation ditches. 

Control by Project Design Features 

Clearing of trees and brush around the perimeter of 

reservoirs, and deepening shallow ar :as will reduce 

marginal aquatic plant problems. l.ining of main irriga­

tion channels will substantially reduce aquatic plant 

growth in the irrigation system. Tops of channel banks 

should also be leveled and surfaced so that mechanical 

methods such as chaining, dragging, mowing or spraying 

can be easily and efficiently done. Suitable gates to 
ot the ,vatcr in irrigation channelspermit "drawdown" 

will also fac :itate control of na.ginal and submersed 

aquatic )lants. It may also be e,,onomical to fence reser­

voir areas to permit grazing on marginal aquatic plants 

by cattle or sheep. \Where water itu .alo deteriorate the 

dikes of the channels, these animals should be fenced 

out. 

Mechanical Control 
V/arious mechanical devices are available for control 

of aquatic plants, including weed saws, cables, draglines, 

and barges or boats equipped with mowers, airjets, 

waterjets, etc. The advantage of nechanical control is 
. ildlife orthat it involves little direct hazard to fish, 

humans. However, such methods are uSuJIly inefficient 

and Uneconomical. UsUIlly they givc only partial con­

id must be repeated at frequent intervals. Some­trol 
times mechanical methods only break up or tear the 

weeds apart and the loosened vegetation, if not 

properly disposed of, may clog gates, puumps and 

siphons, or cause new colonies of weeds to grow down­

stream. Cables or booms can be used to control water­

hyacinth and other floating aOuatic plants hy placing the 

boom at an angle to the streamflow, floating at the 

waterline to divert the vegetation to the side where it 

may be removed mechanically. Submersed aquatic 

plants can be controlled mechanically in irrigation and 

drainage channels by drawing down the water for two 

or three days. The thin-leaved submersed aquatic plants 

dry quickly when exposed to the air. However, some 
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nodes and subsoil propagules commonly survive this
 
i;eatment, and it must he repeated periodically for vege­
tation control. Some emersed and marginal aquatic
 
plants can be controlled by cutting the vegetative growth
 
at drawdown so that they become submerged and killed
 
when the water level rises again.
 

Chemical Control 
Control of aquatic plants with herbicides isusually
 

easier, faster and longer lasting and frequently cheaper
 
than mechanical control. Treated plants die in place
 
where they decay and dissipate without causing diffi­
culties in the distribution system. Most of the new
 
aquatic herbicide.; will not injure crops or fish when
 
used correctly, but some of the older materials such
 
as acrolein or aromatic solvents are toxic to fish. Copper
 
sulfate is relatively inexpensive, effective, and ;he most
 
extensively used algicide. Periodic trea!ments wilh cop­
per sulfate ,it
10 to 14-day interv.ls a concentrations
 
up to one part per million control plan kton algae in
 
non-flowing water. Co ,,qitrakions up to one part per
 
million are harmless to most species of fish; higher
 
concentratinis are toxic.
 

Several h :rbicides are used for c0tml of tI09ed s5h­
nersed p11. and non-rooted vascultar I)lits, includ irig
its 

diquat, enw thall, dic! iohenil, fenac, sivex and 2, 4-D. 
These herbi( ,sare relatively xpensive and must he 
applied judiciously. Repeated applications are expensive 
and must ;)e api e;Cdjudiciously. Repealed appliCations 
of 2,4-D at 2-4 kilogram., active ingredient per hectare 
with water carrier provide, a - tisfactory control for 
waterhyacinth and anchored ioating leaf plants stch as 
waterli~y. Diquat is an effective herbicide for control of 
free floating speck. sut 1 a. duckweed and wvaterlettuce 
and water fern. Rates of I to 1.7 kilograms per hectare 
are sufficient. Applications should be made as a foliar 
spray with Surface etu ilpmen t in 1650-:2200 liters of water 
per hectare or with aircraft at 80 liters per hectare. Most 
broadleaved, emersed herliceous anid Wooly species can 
be controlled by single or repeated apl)lic,lion of 2,4-1D, 
silvex, or 2,4,5-T at 2-10 kilograms per hectare. These 
include alligatorweed, smartweeds and waterprinirose. 
Amitrole or amitrole-t at 4 to 1VP kilograms per hectare 
will control marginal aquatic grasses, sedges and cattail. 
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The herbicide should be applied in 2500 liters per hec­
tare with surface equipment and 120 liters per hectare 
with aircraft. A number of aquatic herbicides are listed 
in Table 17 according to rate and cost of treatment r" 
1000 cubic meters. Treatments for floating and marginal 
species are made in terms of surface area and submersed 
species in terms of the volume of water treated. 

Biological Control 
TCJ niques 'or control of aquatic plants with bio­

logical agents in tropical climates are relatively well 
developed at the laboratory level but few are or have 
been applied in the op,'rational sense. Biological con­

trol of aquatic vegetation ispossible by use of certain 
species of herbivorous fish. Nile tilapia (Tilapia nilotica) 

and congo tilapia (Tilapia melanopleura) are known to 

cat specific aquatic plants. Grass carp (Ctenopharyn­
godon idella) isknown to be effective for control of 

aquatic vegetation. The s':cr caip (Hypopthalhichthys 
mclitrix) isknown to feed exclusively on planktonic 
algae and could probably be used to control algae 

blooms. The grass carl), the silver carp and other varie­

ties like Pontius spp. andi some filamentous algae feeders 

show promise for control of submerged aquatic weeds. 

HerbicideApplication Equipment and Utilization 

Types. There are two types of application equipment: 
granular applicators for spreading granules or pelleted 

herbicides, and sprayers for application of liquid or 

wettable powcler formu',tions with oil or water carriers. 

Operation on Land. 
Equipment for use on land varies from small hand 

operated units to large eng;;ie-driven pumping machines 
mounted on tractors, sleds, trailers, pickups, or trucks. 
This type of equipment generally has astorage tank for 
carrying hebicide water mixtures. It can be used to treat 
aquatic plants along the edge of waterways and on the 

adjacent banks. Land type dispersal equipment can be 
used best along canals and ditches that have roads built 

on the spoil banks or levees adjacent to thcse waterways. 

Operation on Water. 
Various types of sprayers and granular applicators can 
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be mounted on barges or boats for treating aquatic 
plants. ihese may hiave tanks for the herbicide-water 
mixture or for herbicide only with a hose for taking 
the water needed for the mixture fron the lake or 
stream being treated. There are two disadvantages of 
boat mounted equipment: (1) the aquatic plant growth 
may be too thick fcr the boat to pass through freely, 
and (2) the water may be too shallow for boats to 
operate effectively. The U.S. Army Corps of Engineers 
has been using pumps with 10, 20 and 35 gallons per 
minute capacity. The sma!ler pumps are mounted on 
small shallow draft boats or rafts for spraying near the 
shoreline and in the upper reaches of the streams and 
in shallow canals and ditches. The 20 and 35 gallon per 
minute sprayers are mounted on '16-20 ft. work )oats 
and are used for treating large areas ol aquatic plants 
that occur in medium or deep water. These sprays 
are effective for about 60 feet from the boat. Two men 
make a crew, one operates the boat and the other the 
sprayer. They usually spray only one side at a time. 
In large areas the boat makes several passes through 
the weed infested area. However, some of the large 
(35 gallons per minute) sprayers are equipped with two 
spray hoses and treat a strip on each side of the boat. 
This type of operation requires three men per unit. 

Aerial application. 
Helicopters and light planes are used for applying 

herbicides to large areas of aquatic plants. A helicopter 
needs no runway and can fly better in low visibility than 
airplanes but is more expensive to operate. Drift is 
always a problem but can be reduced by flying in calhn 
weather, using low-volatile chemicals, usin, nozzles 
with large openings, using water or emulsions instead 
of oil and using oW )ressures. Also, a positive shuloff 
valve for each nozzle will help avoid damage from 
dribble. A disadvantage of using aircraft is difficulty 
of spraying near trees, houses and other,objects. The 
chief advantage of using helicopters and airplanes is the 
speed with which the treatment can be mad. 
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OFDISADVANTAGESTABLE 16. ADVANTAGES AND 


VARIOUS HERBICIDES
 
DisaclvantagesAdvantagesIlerhicide 

Corrosive to metals, espe-
AMS 	 Noi-flamial)le, non-vola-

cially brass and copper.
tile. No special handling(Ammonium 

Sulfan ,,e) 	 prcaution s are nec,saidy. Drift from mist hlow(rsis 

Not haiair(l(o s to \v't life. dangerous. Sterilizes the 

soil f'rr ,everal 	months. 

Avoid contact with skin 
Dalapon 	 Oral toxicity ik low, hit 

0n1d eyes and inhalingmay caue skin irritation 

after prolonged (intact. ,pray mist.
 

I lighly toxic.
D)iquat 	 Non-volatile and non-

flammable. 
cluliithiall N)n-(-rrsive' anti ion-	 (ral toxicity to rriinreiak 

is high and moSt heflaniiable. 
hindletd with care. 

Many (omoni sl)"-ies
More effective than 2,4,5-TSilvex 
on maple, redhud, salt- are rv,,istant to Silvex.
 

,etldar and truimpetcreeier.
 
Safer where drift into cot­

ton i,a hazard. 

Drift is a haiarti to near­
2,4 Iffective control for many 


hy ,u,,ceptihle plants.
broad-leaved plants,indud-
ing anne aquatic planls. 
Cost is htiwir than niost 

l106icities. 
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TABLE 17. HERBICIDES AND THEIR COST AT USUAL APPLICATION RATES FOR NONCROP USES 

Application Rates 2 Chemical Cost 3 

Per Application 
Herbicide (common name) (kg ai/ha) (ppm) (per ha) (per 1000 
and Formulation 1 Target Weeds and General Usage cu-meters) 

Acrolem SU 1)r,r(d v, Ceds-- flowing w.ater 0. I $0.17 

Copper .Ulfate, pI.,ntaby- I [lt~tetlu algae--slug 1-5 $2-1M 
cirale salt 25, VC ,orlei 

k)pPM (..u ilafent(us algae-cotinIous 0.li-0.02 50.02-0.04 
Suhl ,redv, ~eds-(otinous0.10-0.20 S.20-0.40 

XVlene %,%btr-drd-lug 444-740 S42-70,'etd. 

Dalapon. odliumo salt \ntIal gra>se, - ditchbank 5-7 Slil-15 
'.74",, VS 'i tre'altmetrit 

Pe't' nli] gr,/i,,w,;- -ditchbank 6-8 S13-18 

trtltile tlt 

,attail, batntl b), jeds--ditchbank 15-20 533-44 

2.4-D amine salt Sedge,,, t ld lef-\\.eeds-diichbank 2-4 S2-4 
(4 lb) gal \VSLi trealent 
Dirtuat I1) SUl)ltred %(%( 1,'--1 S12-24gal \VSI ceds-sta ic water 

tre.atnt 

Endthall. pwahsium salt Submersed %,eed-staticv-.ater 1-3 $10-30
 
, l b gal \\SL: treatmeni
 

- Forrnulations: EC = emuskifiable concentrate; G = granular; ",'P= vettable powder; WSC = water-soluble cr.stals; WSL = %ater-soluble 
luid: \\, PF' ater-siube powd,.r 

2 Rat, kg ai ha =- kilogram, -igredient or acid equialent per hectare; ppm = parts per m.'lion acfie ingr.adient or acid equivalent in 
vater byv ght 

3 Co~t !o feareq U.S. dollar. 
• ,iiart~ a'd (an -:oI 1'-F 

http:S.20-0.40
http:eds-(otinous0.10-0.20
http:50.02-0.04
http:0.li-0.02


TABLE 18. PLANT SPECIES AND HERBICIDES FOR CONTRO. 

Response to 
Rate of Application 	 Remarks

Plant Name Herbicide Herbicide 
Safe for most fish except trout0.25 PPMW in soft waterS 	 Copper SulfateAlgae 

1.00 PPMW in hard water Highly corrosive to iron and 
(Hydrodictyon) galvanized metal. Avoid con­

tact with eye-. nose and 
mouth. 

Spray on foliage.
Alligatorweed I 	 2,4-D 8 LBS"A 

Spray on foliage.
(Alternanthera I 	 Silve'"(low vol. 8 LBSiA 

ester)philoperoides) Use only on rooted plants in
I 	 Silvex (granular) 20-30 LBS/A 

shallow water, broadcast 
over weed surface. 

Spray o,, foliage.15-20 LBS/ACattail S 	 Dalipon 5-10 LBS/A Spray on foliage.
(Typha Iatiiolia) S 	 Dalapon plus diesel 

oil emulsifiable 

Spray on foliage.S 	 2,4-D (!ow vol. 4-6 LBS/A in 1-20 oil 
ester) water emulsion 

Inject or apply on surface. Do
S 	 Diquat 0.25-0.5 PPMW in stillCoontail not apply diquat to muddy
S 	 Endothall water(Ceratophylum water.S 2.4-D (pellet or 1.0-2. PPMW in still water

demersum) 
granulari 15-20 LBS/A 

S 	 Silvex: 
potassium salts 2-3 PPM 
liquid 4 PPM 
low vol. ester 2.5 PPM 



Duckweed 


(Lemna minor) 

Eelgrass 
(VallisneriaSpp.) 

Elodea 
(Eiodea 

canadensisj 

Parrot Feather 
(Myriophyllum
brailense) 


Pond Weed 
(Potamogeon 
spp.) 

S 

S 

S 

S 
S 

S 


I 


I 
S 

S 
S 


S 


Diquat 


Endothall (amine 

salt) 

Siivex 


Sodium Arsenite 

Acrolein 
Endothall lamine 
salt)
Fenuron Diquat 

2,4-D '!owvol. 
csters)
2.4-D (granular) 
Silvex (granular) 
Dichlone 
DiqUat 

Encothall (amine 
salt) 

0.5-1 PPMW (cation) 

1.5 PPMW 

3-4 PPM 

4 PPM in sott water 
8-10 PPM in hard water 

4-7 PPMV 

2-4 PPM 


1-2 PPMVW 

4-8 LBS/A 

20 LBS"A 
1-2 PPMW 

10-20 LBS'A 
0.25-1 PPMV in stil! water 
1-2 PPMW in sIt v flowing 

water 
1-2 PPMV in non-flowing 

water 
2-4 PPMV in slow flowing 

water 

Spray foliage or inject in non­
flowing water. Do not apply 

Inject ponds rsmall lakes­diquat to muddy water. 

toxic to fi~l. 
Spray weed 'reds-apply when 

weed growth is active butbelow surface. 
Handle with e':treme care. Do 

not use w.t'r for at least 3 
days. Toxic to animals. 

Inject underwater. Toxic to fish. 
Inject underwater. Toxic to fish 

Inject in pond or lake, nonflow 
ing water. Do not apply to 
muddy water. 

Spray on foliage. 

Broadcast over weed surface. 
Inject into small lakes o,"ponds. 

Do not apply diquat in muddy 
water. 

Inject un,...rwater. Toxicto fish. 

Inject underwater. Toxic to fish. 



C Response to 
c Plant Name Herbicide Herbicide Rate of Application Remarks 

Spray on foliage.
S 2,4-D !amine salt) 2-4 LBS AW\Vaterhy-inth Spray on foliage using water or

low vol. 2-4 LBS'AS 2.4-D,Eichhornia fuel oil.
 
.crassipeq) e-ters'II Spray on foliage.
1-1.5 LBS'AS Diquat 

Spay on foliage.1-1.5 LBS AS Diquat\Vaterlettuce 
Pitia
 
tratiotes)
 

-144 n- B. A Brmadcastf onli surface.ge.....
W\aterm ilfoil .!.-,- ,ranuljr) 'trm2-30-, BS'A 

0.5-1 PPM\\ pray on foliage.
f,\Iyriophyllunll spp.) Diquat 


tIBS , --PCUnd, of aci' e ingredient A equi.aient pc- -urface acre

S -- >,u'eptdte 


PPMV - Part-, y w.olume
per million 
- Intermediate 

PPTW - Part- per million by %%eightR- Re~istant 

Source: Nelson, Gandstad, and Seaman 1'70. 



TABLE 19. SOME EXAMPLES OF EQUIPMENT USED FOR APPLICATION OF MOLLUSCICIDES AND PESTICIDES
The menion of manufacturing companies or of their proprietary products does not imply that they are recom­

mended or endorsed by the Agency for International Development.
PUMPS-High pressure, low head, engine-driven pumps, for 
Manufacturer's 

name and address 


F. E. Myers & Co., 

ASHLAND, Ohio 

USA 


F. E.Myers & Co., 
S,'HLAND, Ohio 


USA 


Thuron Sprayer Manut. Co.12200 Denton Drive 

DALLAS 34, Texas 
USA
 

L!QUID APPLICATIN-(a) 

naeanufacturer's 
name and address 

[Hudson Manuf. Co.
1625 1Street NW. 

WASHINGTON, D.C. 20006 
USA
 

Myers & Co.
ASHL.,AND, Ohio 
SUSA 


Cat. No.. tvpe Capa(Ov 
and d,ignav on max t non 

V 912 E 34 
V 913 E 64 
V 914 E 106 

V 915 E 167 


V 931 M 15.5 
V 932 M 36.7 
V 933 M 60.6 

V 934 Ni 110.7 

Eagi •20 32 

Compression spravers 

Tank Capacity 
1 

12-16 

10) 
18) 

use in raising ,.valer not exceeding 7.5 m 
Engine, Head Weight Estimatd 
hp) (ml tkg pre S 

-'V 17546 130 
1 35 213 275 
2 43 332 385
 
3 35 390 445 

,z1 Ph 70 111 170
 
2-1 Ph 122 
 147 320
 
5-3 ,:, 177 
 345 480
 

7 12-3 Ph 168 560 675 

18-12.5 - 30 620 

1'7" ure Range 
kg.'cm3) 

Estimated 
price ($I 

1.7-4 30-35 

1.7-4 approx. 
30-35 



Ma: ,,facturer's 
:name and adres 

b) Power sprayers 

name and addressnuf drtCat.m',a ue.' 


iTur-n Sprayer 
\anuf.Co. 
i220) Denton Drive 

D-\LLAS 34, Texas 
US 

I Bean & Co. 

Mchi1an USA 

'cl .Mist blowers 

Man actu rer's 

name and address 

J.Bean & Co. 
LANSING 

Michigan 

USA 


Cat. No, t'pe Capacity Engine Head Weight Estimated I 

and des:gna'on max. nli) hpi . . (Mk pic 

1ank 
Capacity (1 . 

Pressure 
Range kgm.. . '-

2i 
Estimated 
price (s,2160.". .. 

20-T-TH 
20-T-AG 
10 T 

5 T 
10-TA 

2G-TA-TH 

1514 
11?5 

267 
378 
378 

1134 

56 
35 
35 

35 
35 
56 

2160 
1675 

855 

695 
925 

2295 

6-30TR 
N-5-3OTR 

115 
1892 

56­

56 

B-6-30MT 3784 49 

Tank Air 

Type 

CapacitV 
(1 

Engine 
hp) 

Velocity 
(kmh 

Reach 
ml 

\peght
k5 

Estimatedpri(ce $1 

Trailer 
mounted 1140 144 

Rotomist 
303T 



S. Frederick Potts 
P.O. Box 51 P24 125 7 80-320 150 140 
CRAWFORD 
Mississippi USA 
Buffalo Turbine 
Agric. Equip. Co. 
GOWANDA, N.Y. 
USA 

CS 

Mity Mite 

190 

16 

36 
26 high 

295 

100 
500 

10 340 

tBack packs; small mist blowers) 

Solo Industries 
P.O. Box 128 
37-41 57th St., 

M70B 10 400 9-12 8 

WOODSIDE, N.Y. USA Junior 10 
Ruffalo Turbine
Agric. Equip. Co. ,Mity Moe 1.2 1.06 150 24 6.5 120 
GOWANDA. N.Y. USA 
Hudson Manuf. Co. 
p625 I St., NAV. 
W .\SHINGTON 

Bak-Pak 2.3 3.5 120 14 

D.C. 20006 USA 





Annex B 

CANAL LININGS 
Standardization of canal sections 

To allow standardization of slipforms and other canalconstruction equipment standard canal sections havebeen introduced in several countries. Some of the rec­ommendations worked out by the American Society ofAgricultural Engineers are quoted below.' 
The recommended standards consist of two sectionswith 1:1 side slopes and five with 1.5:1 side slopes. Thedimensional details of these standard sections are shown

in Fig. 30 and Table 20. 

FIGURE 30 
Standard trapezoidal canal section (all dimensions in inches) 

TABLE 20. DIMENSIONS OF STANDARD TRAPEZOIDAL 
CANAL SECTIONS
 

(all dimensions in inches)
 

a ) c 
12Section Z e? 

Min Max RA-1 1:1 14.07 12.00 4.00 15.00 30.00 9.00A-2 1:1 26.07 24.00 4.00 15.00 30.00 18.00B-2 1.5:1 25.51 24.00 6.00 24.00 48.00 18.00B-3 1.5:1 37.51 36.00 6.00 27.00 54.00 18.00B-4 1.5:1 49.51 48.00 6.00 33.00 66.00 18.OCB-5 1.5:1 61.51 60.00 6.00 36.00 72.00 18.00B-6 1.5:1 73.51 72.00 6.00 42.00 84.00 18.00 
I ASAF Standard S289--Concrete slip-form canal and 'ditch linings. 
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Figure 31 shows the capacity chart for these standard 

sections. The chart isbased on Manning's formula for 

uniform flow in open channels using an n-value of 0.014. 

It is given as an aid to planners and designers in 

selecting dimensions. 

OF ROUGHNESS (Manning's n)
TABLE 21. COEFFICIENT 

AND LINED CANALSUNLINEDFOR 

Surface Condition 

Unlined Canals 

Smooth natural earth canals, free from 

weed growth, little curvature 
Small canals in good conditon 
Earth canals with considerable aquatic 

weed growth 
Earth canals with thick aquatic weed growth 

Rock canals 
Lined Canals 

IPortland cement concrete lining 

Asphaltic concrete lining (machine placed) 


Brick lining covered with cement plaster 


Soil cement, well finished 

Soil cement, rough as a gravel surface 


Exposed prefabricated asphalt material 


Pre-cast concrete-block lining 

Brick lining, with exposed brick surface: 

design value: 
actual nMeasured value of n on the same 

lining after gradual deterioration. 

Shotcrete lining, smoothed 

Shortcrete lining, average 

Wooden flumes 

(ornpacted earth linings, small canals 


Compacted earth linings, large canals 


116 

Value of n 

0.020 

0.025 
0.030-0.035 

0.040-0.050 
0.050-0.100 

0.014
 
0.014
 
0.014
 
0.015
 
0.016
 
0.015
 

0.015-0.017
 

0.0146 

0.018
0.0160.017 

0.017 
0.016-0.020 

0.025 
0.0225-0.0201 
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FIGURE 31 
Capacity Chart for Concrete-Lined Canals 



LININGS AND THEIR MAIN
TABLE 22. IRRIGATION CANAL 

WCost per square metre 

Type of lining 
and thickness S 

time 
period 

referred to Durability 

Water losses 
i 3 prm 
per 24 hours 

A. Itard ura(e liningsS 

Portland cement 
concrete, unrein-
forced, 5 cm. 

2.60 1955-61 Commonly esti-
mated to last 
50 ears. 

Below 0.0, if 
,%ell con-
structed and 
maintained, butvaue upto 

ais above, but 7.6 cm. 
as aove. but 10cm 

2.75-4.20 
4.50 

1955-61 
1956-58 

value up too 
0.15 have been 

and reinforced, 
measured. 

As above. 0.03-0.062.40 1945-50pneumatically ap-
plied mortar, unrein-
.orced, 5 cm. 

If joints are 
Precast concrete 1.70-3.70 1947-60 	 About the same 

as above. well sealed,
blocks, 7 cm. about 0.03 can 

be achieved. 

Largely de- 0.03-0.061.90 1956-60Soil cement (dry 
pendent on ce-

mix), 13 cm. 
ment content;

Soil cement (plastic), 1.30 1947 
23 yrs. have

7.6 cm. 
been recorded 

FEATURES 

Other important features 

of canals,Suitable tor all sizes 
all topographical, climatical and 

operational conditions; firm 

subsoil required; susceptible to,\rellin- clavs; availablt of[ 

ageregates near the job is es-i 

ential: construction either by, 

hand methods or slipform, 

A_. above, but no need foq 

coarse aggregates; speciall 
equipment necessary; generally 

not economical for large jobs; 
,,uitable on subgrades of weath­

ered rock. 

where concrete 

lining is Suitable, but remote 

precastin- is more eronomical 

(lack of aggregates at site, trans­
port facilities for precast 

Advantageous 

ma­

terial aailable). 

Although less durable than p. 

cement concrete, low first cost 

makes this an economic lining, 

%%here suitable sandy soils are 

available from canal excavation 
or nearby. 

http:0.03-0.06
http:1.70-3.70
http:0.03-0.06


Asphaltic concrete, 2.75 
in place, 5 cm. 

Asphaltic concrete, 1.80 
prefabricated slabs,
3.8 cm. 

. .... . .
 

Brick and stone 

B. [\poed mernlrane, 

Asphaltic materials -

Polyvinyl (0.19 mm; < 0.50 
8 mil) 

Resins -


Synthetic rubber 3.00 
(1.44 mm; 60 mil) 

1953-58 

1962 

.eed 

-

pre-1963 

pre-1963 

Seldom more 
than 15 to 20 

y'ears. 

0-Mav be as high 
as cement con-
crete, if prop-
ly constructed 
and main-
tained, 

Only a few irri-
gation seasons, 

Not yet known, 
but not less 

than 10 years. 

About 0.03, but 
will increase 

considerably if 
weed infested. 

Brick with ce-
ment plaster: 
around 0.03. 
Stone: relative­
l permeable 
unless carefully 
mortared. 

Vary .idelv de-
pending on 

weed penetra­
tion and other 
mechanical 
damage az well 
as weathering. 
Negligible if 
properly 

jo~nted and 
maintained. 

For the in-place type, availa­
bility of aggregate at site is es­
sential; regarding the shorter 
life, asphalt concrete does not 
offer an, advantage over ce­ment concrete, except on less 
stable subgrades (swelling 
clays); offers also better resist­
ance against certain chemical 
deterioration; susceptible to 

penetration. 

Labor-intensive methods; avail­
ability of construction material 
at or near the site is essential. 

Suitable only as temporary lin­
ing for seepage control. 

Offers permanent seepage con­
trol if protected from physical 
damage but ishigh in cost; 



THEIR MAIN FEATURESTABLE 22. IRRIGATION CANAL LININGS AND 

Cost per square metre 

Type of lining 
and thickness $ 

time 
period 

referred to Durability 

Water losses 
in m3 per M2 

per 24 hours Other important features 

C. Buried membranes Suitability of excavated soil as 
cover material is important for 
economic reasons. 

Sprayed-in-place 
asphalt 

...... ...........
Prefabricated asphalt 

1.30 

1.30 

1956-60 

1956-60 
~ 

Depends large-
ly on erosion 
resistance of~~~covermaterial,
maintenance 

Below 0.06. 

Blw00.--
Below 0.08. 

Heater and spray equipment 
must move along canal; skilled 
personnel are required.m trasb tsipg fcv­
Eas:lv transported and placed 

membrane weed hazard,
beaching, b .--
rowing am-

materials but slippage of cover 
material, caused particularly by 
drawdowns has sometimes 
)een a problem. 

_ -. m als , an d o p - . ... . a 

Polyethylene (0.24 
mm; 10 mil) 

Polyvinyl 

1.05 

1.30 

1956-60 

1956-60 

eration (draw-
down). Records 
.how a service-
able life of at 

Below 0.06. 

As above. 

(0.24 mm; 10 mil) least 15 years. 

Synthetic rubber 
(0.77 mm; 32 mil) 

2.30 pre-1963 Rubber-mem-
brane is likely 
to last much 

Below 0.03. 

longer. 

Sentonite layer 1.45 1954-56 
(4-5 cm) 



Sublining of plastic 
sheeting or sprayed 
in place asphalt 
under precast con-
Crete 

D. rarth Linings 
Thick compacted 
(appr. 90 cm thick) 

Thin com-pac-ed 

(30 cm and less) 

-

Loosely placed earth 
(loam, clay) 

E. Soil sealants 
Waterborne 

bentonite 


Resinous polymers, 
petroleum, asphalt 
emulsions and 

chemicals 

D -a-


1.30 pre-1963 

-<-O70-pi-1963 


< 0.35 pre-1963 

0.12-0-30 1963 

Determined by 
service life of 
concrete lining. 

-i.gmembrane. 

For economy 
evaluations 20 
years have been 

assumed. 


..... . . ._ 


One or two irri-
gation seasons. 

Practically 
watertigit if 
properly con-
structed. 

Below 0.08 
(0.02 have been 
measured), 


-o-' 

_lined 

May average 
around 0.30 but 

varies widely. 

Very effective in preventing 
seepage. Concrete joints and 
cracks need not be sealed but 
eventually filled with some ma­
terial to protect the underlyingi 

Suitable soil from canal exca­
vation or nearby borrow* area 
is essential for economy. Freez­
ing-thawing and alternate wet­ting-drying are hazards to all 

compacted earth linings be­
cause they loosen the compac­
tion and increase the perme­
ability. 

in first cost but with little 
effectiveness as to seepage con­

trol; little advantage against un­
canals; low durability. 

Means of temporarily con­
trolling seepage in unlined 

canals. Sealing effect is highjust after treatment but may be 
reduced to les3 than half after 
only one or to Irr:.gation sea­

sons. 



Type of lining 
and thickness 

F. Flumes -7 pipes 

Concrete flumes . 

Cost per square metre 
time 

period 
$ referred to 

.Appr. 

Durability 

50 years. 

Water losses 
in m3 per m2 

per 24 hours 

'Negligible, if 
joints are well 
sealed. 

Concrete pipes 
(precast cast in 
place) 

More than 50 
years. 

Negligibile, if 
joints are prop-
erly sealed. 

Lay flat tubing Not yet known. Practically nil. 

Other important features 

Relatively independent of soil 
and topographic conditions; 
ratio of cost to carrying capac­
ity is high; economical only 
when value of water is very 
high. 

Particularly suitable for areas 
with an irregular or rolling to­
pography and intensive cultiva­
tion. 

As above. 



Annex C 

PROBLEMS OF RESERVOIR DEVELOPMENTa 

PROBLEMS AND OPPORTUNITIES 

Although reservoirs are generally planned to solve one 
or more primary problems, such as a need for hydro­
electric power, their construction generates innumerable 
secondary problems, many of which have proved to be 
very serious. Recognizing that no two reservoirs are alike, 
this paper is intended to indicate which of these sec­
ondary )ro)lems might require consideration under 
given sets of circumstances. It isalso intended to furnish 
guidance as to the type, planning and timing of studies 
nek. led for their solution. In so doing, it draws heavily on 
experience gained, particularly during the past decade, 
by the Food and Agriculture Organization of the United 
Nations and the World Health Organization. 

Primary and secondary problems 

Most development projects which include the creation 
of a large reservoir are initially conceived for a limited 
number of purposes. Normally these ipurposes include 
one or more of the following: generalion of electricity; 
water storage for irrigation, industrial or domestic use; 
flood control; regulation of tlow for nav'igation. 

In nearly all instances the costs and benefits c-f the 
project for such primary purposes have been carefully 
estimated and evaltiated well in advance of final plan­
ning, and the financing of the project has been based 
chiefly thereon. 

A host of secondary problems have ariken in connection 
with reservoir projects, some of which may have been 
included in the foregoing evaluation hut mnost of which 
prol)ably have not. Representali\e of those which may 
have been included in the cost estimates are: charges for 
reservoir clearance; direct costs (such as new housing) 

a Selectiom Iror)m a report on "M,\an-mad, lakes', prepared by Karl 
F. Igler, FA() C(l'l1n 11d hy th )o0ddort AgriculLur(:,1lflt, l(1,J)Iihet 
Organi/tioon of the United Nations. All illustations ind muchi ofIthe 
text have been deletedi, and the intvsr)tcd reder s referred to the 
full text for the de t,1s. h S'( 1im (i) Ilic)) healtth hdsbeen omitted 
in its entirely Ii)€ e ol its, duptitln\with the present report. 
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associated with resettlement of displaced people; reim­
bursement for loss of valuable buildings and of land, 

forest and mineral resources due to flooding; and other 
direct costs that can be evaluated easily. 

On the benefit side, attempts have occasionally been 

made to evaluate an expected increase in fishery outputs 
and to a less extent the possible earnings from increased 
tourism and recreation. 

Often the few extra benefits and costs noted have not 

been adequately evaluated, leaving serious gaps in the 
over-all economic ,,ppraisal of the project. In addition, a 

large number of secondary problems, which are 
extremely difficult to quantify in terms of benefits and 
co!.' , have been overlooked or ignored. These problems 
include: 
Over-all econric impact of the project on the region or 

the country; 
Establishment of adeluate land and water use priorities 

and planning through the affected basin; 
Effect of resettlement on the human resources of the 

region or the country; 
Effect of the changed enviornment on health and produc­

tivity of both man and his domestic animals, including 
new threats to health through the inadvertent improve­
nent of habitats for certain diseases and aquatic 
vectors; 

Effect on fish and wildlife resources of the new environ­
ment created by the dara; 

Neglect of opportunities for imoroved agricultural prac­
tices, especially on seasonally inuldated and exposed 
foreshores; 

Effect of the changed environment on growth of noxious 
plants, especially water weeds; 

Possibility that the new lake may cause earthquakes. 
Secondary problenis such as the foregoing are ad­

mittedly difficult to quantify, but methods are becoming 
available for their study. These methods are continually 
being improved through research and experience on 
existing projects. 

Anticipation is the first key to the solution of the 
secondary problems that may arise when reservoirs are 
built. The second key is the timely engageme:d of the 
requisite nultidisciplinary expertise at the earliest pos­
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sible stage of planning, the careful co-ordination of 
expert findings, and, as a result, the inclusion in the cost 
benefit analysis of other factors in addition to those 
normally included in such analyses. Dam engineering
with all its complexities, is a much more straightforward 
operation than the solution of all the ancillary social, 
economic and ecological problerns that arise before, dur­
ing and after the clam isbuilt and fills the reservoir with 
water. 

In spite of obvious interrelationships, the studies re­
quired to solve the secondary problems of reservoir de­
velopment can be grouped conveniently by subject­
matter categories: 
Economic studies in the broadest sense, including multi­

resource use on a regional or national basis; 
Studies of sociological problems;
Studies reiated to land use, including land-use planning, 

along with agriculture, livestock and forestry produc­
ticn opportunities and problems."

Studies related to the aquatic environment, inchuding

fishery development, ground-water use and recharge,
 
and water quality control;


Studies in the broad field of public health in all its
 
aspects;
 

Investigations into the special problems related to
 
aquatic nuisance plant,
 

ECONOMIC AND SOCIAL PROB!.EMS 

The creation of a man-made lake has a profound effect 
on the way of life of local residents, parti,ularly farmers,
fishermen and traders. Fluman problems are no less im­
portant than engineering and economic problems, and 
must be investigated and solved if aproductive commu­
nit,' is to be established. Drastic changes in environment 
provide opportunities to alter and improve ways of life­
including long-established traditions in fishing, agriculture 
and other forms of livelihood-as well as to improve
community institutional and service structures. 

However, changes in agricultural and fishery practices 
cannot be rushed. Nomadic habits, asubsistence econ­
only, and such customs as shifting cultivaticn and casual 
fishing must give way to settled agriculture, systematic 
fishing and acash economy. The people of the area need 
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guidan ejon experienced advisers supported by govern­

ment policies ansr IcJhiar ittentionshforutile 
paid to the provision of services and institu"-. 

Communities affected. 
it follows that, when man-made lakes are to be created, 

land tenure and Sociological Studies as well as the teach­

ing of other forms of livelihood must be initiated as soon 

as the siting of the project is determined. 

Setlernent, resettlement and relaled considLratiens 

Among the most pressing and potentially costly of the 

secondary aspects of reservoir development are those 

l-e people who must be evacuated from
which concern 
areas to be flooded and who must subsequently be reset­

tled. Also present, however, may be problems of settling
 

a.new population in the foreshore areas and of trans­

ferring people into the region to maximize the benefits to 

resource potential.be derived fromthe new 
much wider than the

The problems of resettlement are 


merely mechanical or logistic aspects. Not only are the
 

.echnical and economic requirements of new or altered
 

enterprises involved but the human resource-both the
 

individual 1id the community-1must also be helped to
 

ICbecome adapted usefully to the new physical, social and 

economic environment. In resettlement, human adapta­

tion is a particularly complex process of individual and 

institutional adjiistments demanding time, effort, re-

Sources (physical, financial, social and technological), and 

considerable support and assistance. The requirements 

for such assistance cannot be guessed at any more pre­

cisely than can engineering specifications for a dam or 

irrigation works. 
Systematic background investigations are needed of the 

rural society to be affected by the creation of a lake, 

along with an objective appraisal of the extent of the 

human resource development required by the technical 

and economic change foreseen. Also required are speci­

fications for the type and tming of supporting facilities 

needed, the maintenance ot social controls, the develop­

ment of leadership, new local organizations, patterns for 

administrative relationships with and within the new 

communities and provision for succeeding generations. 
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Evactiation 
Where a re ;ervoir is to be constrcted, the entire 

popu titi()n a nd its possS'ssions Inust be, rnmeCe frlm liel 
area to he inundaed, preferahly timed to avoid loss (A 
a season's igiictilturl crop Such i remIloval1 is usually 
fraught with mrany stresses, mil it reltiires resettlement 
into new areas that are either unilihabitrl or ilrely 
occupied. Te aririval of [he tr,insllinled Ieopile oi lieir 
host Olllnltiniy rliset a different set otf problemls than 
those encountered when un ullleareas Ire setled. 

Population transfer 
Where theilrl,an-miMhe iake orovides resources fr 

developnient it) ev ess ef the iarin)(ower wothe relcated 
and host liIIldtionlS, itlli ' h to hringIay ledvinl,geous 
in additional ierople t,) make full use of the new resource 
potCnitial. Slch action his lir((t eoiic0ni(ic aind social 
implications for the reservoir irei is well as for tine areas 
from which the P)lI)Lilation will be drlwn. 

Food and health 
It may be necessOr to SUlily food oinan (X(cepiOn,ll 

scale utili a r(s(ettled1 or trrlnsferri I)o)lllltioln hams 
re-esta)lishled its iroductiv( capacity, ind t )ro(vidh 
S.pllnllry ' hellth (ntlr1ol leasures to- ma1,in ail live­
stock where they ir(, rilod toia different enviroimenit. 
Food aic in sich instancces has heen provilerd hy Ihe 
World Food Programne, inll( other fhrnis of help (farin­
ing tools, fish nels etc.) ha,e heen ranted by the FAC) 
Freedom frori I lungleir Camplign. 

Some Of the most seriois healtlh effcis miy ben tal, 
resltling frOll )eople bein, ulrooted from a familiii 
environment arouil whi(hIheir way of life was organ­
ized. This environment was not iierely ow relevace it) 
a physical sense hut Also had iii inrporthtl ,()( ial and 
psychological meaning. hVleie ,peopleli Io be reset­
tied into a nrkedly different )lhysicalaindcial elviroln­
ment ill coibinatiori with the ecolnmic Ind techinical 
changes r ClJired, scil co(flctls iC Inderiinis rmay 
result, leadinl 'Or h,C0xamle,ex)loitation of the 
weak i)y the strong.Seriots psy:hoh )gicai str(sses annl 
social tensions can reslti1 unless 1l appro­1dtain 
priate pronvisiorn is made for the adiunstUniiel of the set­
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tiers. The new environment acquires personal significance 

for the settlers through their participation in such activi­

ties as the selection of home sites, the planning and 

construction of housing and other facilities, and in the 

formation of community organizations. 

Settlemenlt area 

Potential areas for irrigation around a man-made lake 

are usually limited by physical factors, such as the con­

tour of the land. Whether for irrigation or for dry-land 

farming, however, investigations must be made to deter­

mine the mot suitable areas for irrigation or other 

development and of the methods to be used. 

Put)lie works and housing
 

Resettlement may entail new buildings for housing,
 

schools, community and health centres, recreation and 

public offices (police, administration), along with storage, 

primary processing and market facilities, roads and other 

transport facilities, domestic water supplies, and waste 

removal and sanitary installations. Depending on the 

circumstances, it may he possil)le to coml)are the eco­

nomic implications of the choices for resettlement in 

large villages or towns, small villages or individual farms. 

Although the task of clearing land for dwellings, cul­

tivation and recreational activities may be undertaken to 

a varying extent by the farmers themselves, costs are 

inevitably entailed that are logically chargeable to reser­

voir construction. The expenditure for such work is 

often relatively high and may continue for several years. 

Experience gained from earlier projects is of help in 

discovering the most economical system. For example, 

tlie incentive to clear land provided to individuals 

through food aid, perhaps with the help of the World 

Food Programme, may be more effect.ve than cash 

advances.
 

Rural stitucture 
The construction of a man-made lake often offers a 

convenient opportunity for the introduction of badly 

needed economic and social structures. Such structures 

may involve the system of land tenure, individual or 

comnunal ownership, co-operatives, credit institutions 

or a redistribution of land to form economic farm units, 
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all of which may not only directly affect human relation­
ships but also have a major influence on the economy. 
Faulty social and agrarian patterns can stultify progress; 
in contrast, well-adapted patterns can greatly help eco­
nomic development. Socio-economic studies are requirec 
to determine the feasibility of a project and its likely 
rate of implementation by the local community. 

Management assistance and related activities 
One of the most effective forms of assistince for new 

settlers around man-made lakes is to provide guidance 
that will maximize production and earnings from fisheries 
or from foreshore agriculture per unit of area, invest­
ment or labour. As a result, for many, their resettlement 
would not only be to a new and hopefully more accept­
able habitat but also to higher production levels and to 
improved standards of living. Both farm and fishery 
management assistance include pla,, for technically and 
economically valid enterprise structures, taking into con­
sideration existing obstacles--whether technical institu­
tional social, economic or financial-to improved pro­
duction. Such assistance should also show how to 
overcome existing shortcomings at the local, regional 
or national level with a view to facilitating settlement. 

Management assistance at farm or fishery unit level 
is particularly valuable in the early stages of a lake 
project, as, for example, where lake fishing or irrigation 
is new to a country or region, and where there is little 
knowledge either among the fishermen, farmers or the 
extension staff as to how to operate under the new 
conditions. Research, advisory and training services can 
be costly, and it may take a long time before fishing 
and farming can be brought to reasonable efficiency. 
Obviously, the opportunities, needs and costs for 
improvement in farming and fishing techniques must be 
recognized and planned well in advance of construction 
operations. 

Credit 
In developing countries most schemes for resettle­

ment, including the improvement of fishing or farming, 
require a progressive approach, probably including 
more credit on better terms than was formerly available. 
In particular, where farmers are compelled to move 
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because of the submergence of their lands, exception­

ally generous credit measures may he justified and, if 

so, this would have to be taken into aCcounlt inthe eco­

nomic appraisal of the project. The same is true for 

fishermen in their shift from river to lake fisheries, which 

usually requires investment in different gear and boats. 

Marketing podu tIand developing co-operatives 

FEvaluation of productionr potential, including agricul­

ture, fisheries, electricity and industry, enconmplisses 

marketing, both as to internal and external demand, and 

method. Mar ket prospects have a determ inirg influenCe 

on the pattern of investment to he recornmended.With 

irrigation schemes involving heavy investment in terms 

of costs per hectare to be irrigated, it may be expeclient 

to concentrate On the production and sale of Iigh-valuIre 

justify the costs; this may require crea­commodities to 
tion of an internal market able to absorb increa.ed 

has to he tak-.nquantities of the new product. Equal c-are 

in selecting a specific crop for export by riaking sure
 

that it is not already in over-production in the Worlcl.
 

One way of promoting specific cropping patterns and
 
ensurreof hellping small fishermen (Orforeshore farmers to 

advatageous disposal of their iroducts may be to ureate 

marketing co -operatives whiclhrguarantee tr) take end 
\ssis­products at Irecleterminedc minirmii prue levels. 

tance is required for the estahishment and managemni 

of such cO-crie ratiVes. Procdut ion cO-o)lerativeS ri1a 

also be needed to] the supply of essential inputs, iclrcl­

int, seed, fertilizer and machinery for farners, and nets,
 

boats and moto rs for fishermen.
 

Clearing tire httonm of the propsed lake
 

A decision as to whether or not to clear trees and
 

brush froni the are;, vhich,will forn the bottni of the
 

lake for navigati oral, puil ichealth or lishery reasons
 
lbe a )art
involves cost-I)enefit assessl1elts and slior 

of the earliest plannirg Ior a reservoir. Experience at 

both Lake Volta (no clearirg) and Lakes Kariba anid Kainji 

(partial clearing) affords examples of the economic 
and 

pra, tic:al conseqtences of different treatments of the 

lake floor. If clearing is to he dcne, it is necessary to 

deternine I)liirposes, areas, costs, timing and value of 

reclaimable timber, as well as methods of clearance and 
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of disposal of the useless remains of trees and brush. 

AGRICULTURE AND LIVESTOCK PRODUCTION 
Foreshore agricultor andlivestock production 

The alternately exp(s(,d and ;nu11led shores ()f lr., 
man-mare lakes have(Op)ortuniies 0f unusual lrOlIIise 

for the cultivation of short-term crops ard as InaIInged
forage areas for IiveshI(ck. he uses S he assigneld wil! 
dependl ( t)pograplvhy and soil type a" wv(,ll as on (r['O
suital)ility deternierd by irevious ('eriIIents. lsie()­
raplhy and soil tpe ire l)artiCllarl\ silnificant f(',atures 
for estimating potIntidl )roducLIon, mmrg other lhini,
because oIfthe elation t S()Ipe aid oilcoMI'pisitil0 t)
water retention dtrin, he seasonal drwdvr1

,()I Ihe 
reservoir. 

Early plahening stages Wfreservoirs nyavantageuslI
incorplrrate analvSes t( dis-isll(, (it aliihe" 01 teln­
tial (rawdovn dleas, pelrhapms iva'rial p1hotoraphy,and 
phitogrammetryrOulled with r(lpreels ttive s()il I di, ss 

on different degr"es ()f slo()p. Smiei,'e crop (,'x Iri­
me1(its (an he ;tarted ()n 'uiIjble ilwe, in advance of
 
inilial flooling: often
e here, will bie ,cilhh, nisideralile 
local experience On hom1-terml (rol, ,lhiv(,e fr-Oi the, 
flrod plain ag"ri(ulture((ofthle liver to be dr(ownerl bv the
reservoir. The crealion ()f a ns\ f,(,liore hahital for
 
agriculture Cin offer a '(go vIrni1
olypn for Illint roduIC­
lion of hili-yieling (lt)strains.
 

Livestouk lrodluclionn ill Oh forer( ;r0'; iiia he
 
helFped hy the availiilitv ()I aqualic plail, vlic 
 can 
be harvested from Ill water and uisnfUl orml IllStnl­
)oi1t Of i)ublic- health arid r1(creatiorirI ( MoV, [ience(, as


it may help to control the nuia,, e (,u,(,-I Iv o(verg!romwlh
 
of aulatic plaits. Ihowever, thee i, oMl a limit(r
 
alloltiit of ilforlnlaliat n v v'rr,,tl
aililh e (-()I)(ernil"
the l)racti(al)ililv a1nt Ihe va lu of hisili, thre aquatic 
plants for animal feed. 

'\'VhIere Ilnl slpe geihltl ava\v 1t'1 a river cuse 
that will he floocdl Iwan IIIt)oinIl)I(,Mlt, vast Ireaches 
of shallow water ra' devehylq. A disarvai ag, of shalomw­
water Z)lies is thiir tto 'idi( y to incrs, the ara of 
intundated land which ecOMP,s covered with an aquaLic 
or swanip-tylje vegetation. i ,uuh areas, \'ec-ors Of liv(­
stock diseases, ill particular the snail v(ctors of liver 
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fluke, can undergo an explosive expansion in population. 
Such vector hazards can be identified by early study kf 
the topography of the land that may be flooded and the 
distribution of vectors and diseases of the river system. 

There may also be a tendency to overgraze around 
new areas of standing water, especially where no other 
sources of water are readily available for livestcck. The 
situation can be alleviate(] hy controlling the access of 
livestock to the waler; however, in many circumstances 
this method is Lunec0onomic. 

A bulId-ulp in livestock population can also cause 
l,ollution (Gf the water resource, and this may be impor­

tant when water is reqUired for drinking purposes, either 

l)y the animals or by man. 
Finally, mention may bc made of the possibility of 

increasing animal-protein feed as a l)y-product of devel­
oping the fishing industry in a new man-made lake. 
This may he commercially significant only where the 

supply of fish offal or trash fish or hoth is substantial. 

Irriga i n fr( lateraldams 

Not infrequently, a man-made lake must be protected 
from excessive siltation and loss of holding capacity by 
the constru 0ioiof auxiliary lateral clams or control struc­
tures in tributaries known t( carry heavy silt loads. In 
some inslances it may he feasible to construct flood or 
controlled irrigation schemes in a nearby area, hut at a 

lower level than such lateral dams. B3y this means, the silt 
may be 9s)cad leneficially over potential croplands and 

increase fertility instead of being harmfully del)osited in 
the lake. The water stored by lateral darns may also be 
useful due to the drawdown of water in the main lake. 
AquaculI tu ral use of water in or from auxiliary impound-
Ilerts isalso po(ssible, so(net inies jointly with agricultural 
use, as in rice-paddy fish culture which silml Itarneously 
produces crops of rice and fish. 

Pumped irigalion 

lBy pumlping from a man-land lake, it may be possible 
to bring under irrigation considerable bordering areas. 
Such areas could inlu(le foreshores that are seasonally 
exposed by the drawdorwn of the reservoir, or adjacent 
land at higher elevations. A ca reful cost/benefit analysis 
should lprecede any large investment in punps and con­

132 



duits. Pumping installations might be from floating rafts 
or at the land -nd of canals or tunnels oiiginating in the 
lake. Clearly, it would be necessary to investigate whether 
it would be more beneficial to use water for irrigation
above or below the main dam; still further consideration 
wonld be necessary fhr scherivs witi a hydr(oelectric 
Component. Should e\tlra( Non from the reservoir for irri­
gation be large, it might affect the design of the (am and,
in particular that of th, spillwa,. Fconkmi appraisal at an 
early stage of planning ,Woldbe leed(d to evaltLa;e all
 
aspects ut pU'tmpedi irrigation, especially inthe relation­
ships to the ovr-all sc-)ndary uses to which Ithwater
 
might be l)ut and to its
(ftect on 1)1l)li' health.
 

Reduction of inundation tzo an is(,sf gravitv ;rrigation 
Where the edges of a nan-imade lake are likely to
 

spread inshall\w sheets of water over wide areas (ofa
 
gently slopin, plai, the am(not of inundation may be
 
advanrtageonsly redu(ed and (ontrollel by the conlstruc­
lion of dikes or bundl. Ii addition to ptoln('tiri, the lands
 
shoreward of likes from tnw'lcone iiUnlrat irn, 
 there 
will also be adcec rea! , in (eValporationlos ftrom Ille suir­
fac, of the lake. Keeping he reservoir from slsreading

into shallow area. may alo,(bhe of benefit to public health
 
and hel )ticontol te spreald of ,qiatic lplants. The pos­
sible elimination of needed fih-spawning,or iurst'y

grounds must, hwver,also be 
or"side(le. Inifavoralble
 
circumstance! polders nay be 
r(ated below the highest
level tifthe lake, and thewe may be irrigate(d by gravity;
drainage prohlerns niiht arise but could he aHieviated, as 
the low-level stage of iu' lake sholdt Idbe well below the 
base of such olderg. 

Drainage of swamp 
Where swarips will be unavoidaly created by the

constructiorn ot a main-nide lake, suc: areas can often be 
identified inadvanice. Swiamsinmay orginate from
 
inadvertent riaminning of grtound water or flooding with 
surface water. Whatever their origin, they rnay induce 
undesirably high evapotra.nspiratiori losses. BtUt, With 
care, steps can he taken in advhance for the control o 
such swamps. 

Prior evaluation of swamp drainage for land reclama­
tion will require a mullidisciplinary appr)ach. The land 
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may be valuable for agricuutre and livestock; and drain­

age may beenefit )ublic health by destroying the habitat 

f(or aquatic disease vectors, sucIh as malaria mosquitoes 

and schistosonmiasis snails. There may, however, be 

overriding values against drainage, such as reduction of 

i(oniof fish and wildlifethe gro nd-water level, destri 
hahilat, elinination of sll)sisten(e and tourist fishing and 

hunting grounds, and unfavorahle rl..siccation of forest 

sites. 

INDULSTRIES( )RFSITRY AND F)REST PR( )DUCT 

The opp)orttniities and problems involved in deriving 

belefits fin, Or proviling henefits for, fo-estry have 

heen almost (osistently overlooked when man-made 
lakes have been planned. : forestry is consirlered at all, 

it is generally in rolatioli to .ts etfects on the efficiency 

of the water sto(rage arild ditribution system. Neverthe­

less, the oer-all relai)nshi shoull be Vgarded from
 

two p)inlts of \iew-- the effect ot forestry on the lake and
 

the effel of the lake oin forestry.
 

rffect of fore try on a man-made lake
 

Forests hive heoth a protective and a )roductive func­

tion in their en\vi r )nwent. In their proltective role, they
 

may influence the chant1ges in the environmental condi­

tions brotght about by a larg'e impMnlment, particularly 

through the soil and waler conservation functions of 

forest establishment and man agement. The productive 

aspect is generally comnplemeniiry to this and can in­

prove not only the over-all econon :-s of a project but
 

also adjust land-use balances within the local economy
 

covere(I by it.
 

Upstr0' (,I cat( hoilent Z/o)ne 

In contrast to artificial )lan tations com€pio ed mainly of 

single spe(ieS, existing inligenotis fore,'., commonly form 

more stable ecological (ommlunities and may therefore be 

more effettive in jr'Pt('c i rg unstable catchmerit soils. 

-lowever, under ap)ro)riate management, both types of 

forest can form air effective c itcliment (over. Generally 

the forestlcan also periform a significant economic role by 

providing, immediate cash reti ms, empl)yment for local 

or resettled coin0nulitieS, anrd material required for 

dcoImestic se andi for constrlction. 
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If existing forests on the up-strean catchment are to be 
utilized for wood production, the manner in which 
logging and road constructionn is carried (LIltCall have 
important effecis on bolh stream-flow and water cqualily. 
If adeqIuate regeneration is slow\', operations involving 
large-scale clearing or burnin igcan )e followed )y 
increased flood peaks ari secliment loads.1 lie extensive 
use of insecticides and herbicides inltorestry, as in agri­
culture, can have serious rep:,rcLssions (own-st ream. If, 
however, the possil)le daners are realized, adequate 
precautions can be taken topIerni t (oonli(al forest 
exploitation withouLt (wN-StreaII (aiiage. 

Afforestation or reforestation (an often l)rovide the 
means for the rehaihilti(on Of large hare areas ill tip­
stream catchriier ' resultin,, either t1rii natural Causes 
or from misfaragenieit,Sti(11isOvergrazing. Ihe eelic(­
tioni of soil erosion ani the impr(ved infiltration and 
water retention (ap)acity 0 folr with, tsoils, (ol0lineCl 
the eventual proviion Of (Oriiinercial wmd cris,(ari 
both directly and indirectly raise te general level of 
catchment protection. Again, l)ro(te( lion- riented man­
agenrient systems will need to be applied in the harvest­
ing of the wood crop, -;o rhal the lrimary obc(tive of 
the afforestation programime is rot impaired. 

In areas of unstal)e soil, where flash floods occur, 
streambanks ire a majl r source (Iferosi(n sediment. 
Afforestation or the irlprOvenent (If(,\istir., forest
 
stands adjace it to(walerotirses (III Otllen be conbiried 
with engine 'ing works to lprO\ihe stLi(esful stabilizalion 
nileasu res.
 

In addition to the direct effect on the lake itself, affores­
tation or the reservation (Ifexisting forest stands may 
provide village wOI(lhdIOs as h(Ial M(Irces Of fuel and 
constructiOn w\ocl. lhe planting of frees for shade and 
recreatioil shelter innew l(own sites mnIalsol be (Oin­
sidered an inilpOrtart func tion (f forestry in li( man­
made lake (,nvirmic(,t. 

Shoreline zone 
Forests can be mara, ecl (Ir established s(oas to(pr(vide 

very effective filter stri),, between the high-water level 
of the lake and the remainder of the catchient. Inthis 
way it ispossible tI insulaL to some degree the reservoir 
itself from the worst effects (Ifsuh factors as overgrazing, 
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high human population density, and substrate movement, 

and thus to improve lake shore stability. Where a shore­

line is in an extremely arid area, the establishment of such 

shelter belts may be difficult, but irrigation water pumped 

from the lake may overcome the difficulty. 
Trees transpire large amounts of water owing to their 

extensive root systems and their dark foliage which may 

absorb greater amounts of solar energy than the light­

coloured surfaces. Whereas this comparatively high trans­

piration rate varies with the local climate, a forest is likely 

to remove more moisture from the soil than a less tall 

form of cover, such as grass. Thus, where drainage is 

important, tree planting may be advantageous, but where 

soil moisture must be conserved, a less dense, shallow­
rooted plant cover may be required. Of course, the pro­

tective function of forest cover must always be weighed 

against its water-using function, and may frequently be 

of overriding importance. 

Effects of aman-made lake on forestry 

The effects of the creation of a man-made lake on
 

forestry are either direct and physical or indirect. Direct
 

effects are represented by changes in the water table, 

including the drowning of trees, and possibilities for 
irrigated forest production. Indirect effects include 
improved transportation and labour resources which can 

make economically possible the afforestation of an area 

otherwise too inaccessible or lacking available manpower. 
One of the first results of constructing reservoirs is that 

trees must often be drowned. Riverine forests which are 

casualties during the filling of new reservoirs sometimes 
contain valuable timber, such as species of Khaya in 

Africa. Early planning can lead to the salvage of such 
merchantable timber prior to flooding, with possible 
related benefits to navigation, public health, fisheries and 
aquatic weed control. 

Up-stream 
In the up-stream catchment, the direct effects of the 

lake on forestry are likely to be insignificant, but the 
indirect effects may be quite considerable. Of particular 
importance could be: 
Bringing inaccessable areas within range for commercial 

utilization through improved communication; 
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Lowering timber transportation costs by floating or
 
rafting;


Extending the supply zone for large-scale wood-using
 
industries. 
The availability of low-cost hydroelectric power and


large quantities of water may also assist in the develop­
ment forest and wood product industries which may
otherwise be impossible, even though the forest resource 
is large. 

Around the lake 
Following impoundment, the altered ground-water 

pattern in the vicinity of the shoreline may simplify the 
establishment of plantations or the management of 
existing forests. However, some problens will inevitably
be associated with the fluctuating level of the lake and 
hence of the water table. Within a middle strip around 
the lake conditions may he ideal for tree growth, where­
as near to the lake the soil may be too wet, and farther 
away it may be too dry. If the soil moisture in the middle 
strip changes drastically with changes in the lake level,
finding asuitably tolerant tree species may be impossible.
If the fluctuation in lake level can be minimized, forest 
production can be greatly improved. Most trees that 
tolerate periodic flooding are less tolerant of stagnant
than of flowing water, and for this reason a reservoir 
margin may be a less suitable site for indigenous species
than the former river margin.

When establishing forest plantations, either for the 
benefit of the man-made lake system itself or to exploit
the environmental changes brought about by the lake,
the introduction of species new to the area will certainly
be considered. It isessential that large-scale planting
should be prec 'dled by small-scale trials of species or 
varieties. In atempting to make the right choice of 
species for planting, an ounce of local experience is 
worth a pound of expertise under different ecological
conditions. But a grain of properly controlled experi­
mentation is usually better than either. Careful soil 
survey and differentiation of the assorted sites available 
for planting should go hand in hand with species trials. 
The creation of a man-made lake is therefore not likely
to be followed in a short time by a large-scale change
in species composition of forests in the area. 
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INDUSTRIAI. AND SUiSISTENCE FISHERIES 

The potential fisheries of a new man-made lake are of 

three kinds: industria l(comnmercial), subsistence aid 

recreational. logether they constitute one of the earliest 

and most easily gaiinled returns from a ma n-made lake. 

The first two are considered here; recreational or sport 

fishing will be taken Lip under the heading of tourism. 

There is no problem of conflict among these three types 

of fishing in large mani-iiade lakes that is without solutiion 
1 it has some­if adeqcuately stutdid. F r esample, alth(' 

time heen alleged that the (luaility of sl)(rt fishing may 

be adversely atfeted hy c(mlercial fishiing, cn(der 

p~ropl iia ri agerrierit systems the tw(o types can be corn­

pleimentaly and (-l greatly ill(eas( tIe n'teconomic 

Ienefit derived from the fishery resourrce. 
As with most other se(()ndary aslects of reservoir 

cornstru(tion, the dis(iplines of fisheries and related 

hydrol)iology shoulI he represented at the earliest stages 

rif planning. fishery expertise will he required to evaluate 

the effect of the engineering works and the proposed land 
water r6giries)andi water uses (especially the irojectedI 

m the living, aquatic resoCurces and to avoid costly losses 

O)faquatic proluctior. 
Fairly lengthy Ire-implo)lnndme n t research. arid study are 

redi( tions Of future fishery potentialrequired to make 
for ecornoiic assessrimernt and planning.The componentS
 

Of su( 11invcstigations are:
 
Species c mpo)sition and relative abu1dance (i stocks of
 

the riveririe fish population, both clown-stream and Lu)­

stream frorm the piroposed dam site; 

Soil types and their extent and distributioi in the basir,. 

especially in relation to the spawning grounds; 
I ocation and (ha raceristi( s of triluitary streams, includipg 

character aind 1amo0ut €ifsilt load; 
Areas and rate of siltation; 
Extent and volume of water available for fish production, 

including water-level regime and flushing rate;
 

Nutrient impiact from run-off anl( tributaries;
 
rhernial and chemical stratification probabilities;
 
Current and historic yields by species ill the riverine
 

fishery.
 
Combining this local inforriation with experience
 

recorclerl elsewhere, including testing the validity of
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similar estimates of production, will enable a fishery 
scientist to make predictions of future fishery yields.
Alternative predictions based on alternative forms of 
engineering work will assist in making the best clecisicns 
as to the location and design of the dam. Design features 
that might be affected would include: 
Vertical location of draw-off stru( ures, Such as penstock 

(sltice gate) o(penings; 
Need for, and chara(cter of fish passes ir devises for 

controlling the rmovemnt of fish; 
Best water rCgimes for the fishiry cmlponernt (if an 

economically optimized multiple water use scheme. 
Early prediclions regardling the aquatic resources that 

may bear on engineering works and on land and water­
use plannine,,are many. )etailed discussion followson 
some of the most impolrtant o!" lhese. 

Plarming for optimal develop ent 
The fishery of a new reservoir (an develop fortuitously 

or it can be developed on the basis of an orderly eco­
nom ic and scientifically cmiceived iprogramme. If the 
development is allowed to be lh pha/ard, net yield is 
likely to be far below th(, maximum sustainable, and 
overexloitaion Of at least some key stocks is likely to 
take place. Furthermore, fishermen are likely to become 
entrenched in inefficient methods of fishing aid catch 
disposal from w.,ich it may le extremely difficult to 
clisengage. them. 

If, prior to inip(oundmenft, vWid l)r('di( lions are made as 
to the character and natural development of the fish 
stocks, and if the optimal manpower and investment 
schedule in different kinds of fishing is careffully planne1(d, 
along with an ale( Uate schem e for disposal of tile (,itch
for goods or cash, then an orderly develpnent may 
result. As part (ifthis developm'ent, a systc'ni of catch 
statistics to give yield and value hy species in relation to 
fishing cost a;,d effort Must be instituted as the primary
indicator cif the adequacy of the plan of fisherv develop­
mrent. These statistics are llso the basis for early ideritifi­
cation of overfishimi, Or underfisl)in rf s c')Pstocks,,s 

and are therefore a first key to rational mana[gerient of 
the resource. 

It often becomnes evident early in the planning uf 
fishery development programmes that the fishermen 
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themselves are in need of education and re-equipment. 

A vigorous fishery extension programme can meet this 
itshould go into operationneed but, to be SucCessfUl, 

at a very early stage of planning so a to offset tie shock 

caused by the sudden appearance Of a new man-made 

lake. 
lanning for optimal fishery developmentAdditional 

will include: 
aids to navigation and marin( safety

Appraisal of relevant 
requirements; 

Provision of systems for lanlinfg, handling, storing, 

processing, transporting and marketing the aquatic 

pr(ldUce, possibly through fishermen's (:o-operatives; 

-,anization of a fishery trade school, 
on the investment of

De,,elillent of an advisorv systele 
venture (:a1pital in the fishery; 

Financing as recluired, by means Of hank loans, of both 
InIst ry. Supporting serv­

the fishermen and the fishing i 

ices that may neel t he developed inclide the supply 

of fishing gear, boats and ancillary goords and repairs. 

The whole plan for the orderly development of the
 

fishery resnource delnls on early and \,iorous interac­

tion for planning amo~ng fishery scienfists and technol­

ogists, resu()rct e(on(eiiists and engineers. 

Changus in fish fatinnm hom river to (,servo. r 

Inan inpoundlment made by dl,amming a river, its 

natural stocks of fishes result fr(en tIe stocks previously 

present in that river. Although it is posib)le to alter the 

comlpoition of the species stocks later, the initial fishery 

is most orter cleIe)ndhent Oin nat ural stocks; only rarely 

have fish been eliminated from a river system by the use 

of poisons orior to damning and an effort made to 

establ ish from tIle outset, by initentional stocking, a fish 

ipo/ulaticn of the desired species comnposition. 
nili1 in a river beforeAssum9ing a mixed Slpe(ies lM()i)li 

ns of these species toimpoultndnlent, (in the (ontributi. 

the reservoir populat ion be predicted? the answer is yes,
 

to a limited blt continually improving degree of 
better the knowledge of the ecologicalacctren(Ihe I 

requiwr I,of the species, the mo re c(tl ratc (can be 

specially important colponents of this
the preiI, ,. 

are reproductiveknowledge, for prediction purlp)se. , 

requirements---for examlple, the character of stpawning 
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grounds and the means for access to tbem, food and 
feeding habits, and temperature, oxygen and current 
requirements.

In a riverine fish population one may expect a range
of species requirements extending from quiet water to
moving water. Thus sorne species will intvitably be 
encouraged by impoundment and others ci;cotiraged.
Similarly, riverine populations are often low ii; pre­
dominantly plankton-feeding fishes while in a laciistrine 
situation there is often a very substantial population ot 
plankton feeders. This fact reflects the prevalent differ­
ence in available microscopic plant and animal ife 
(plankters) in the two habitats, and represents a direction
of ecological change that comes with impoundment--­
change that can be very significant for fish production.
In a reservoir made by damming a river, therefore, not all 
of the newly created habitats may be fully utilizcd 
by the expanding populations of native riverine fishes. 
For example, in Lake Kariba, Zambia, the open water was 
little used and led to the experimental introduction of a
small freshwater herring, Linothrissa iniodon, from Lake 
Tanganyika. Such introductions, of course, may be 
dramatically successful or catastrophic for the over-all 
fishery. They must he preceded by intensive research. 

Throughout its depth, temperature of even a large river 
is quite uniform although unstable, ;in(:e it fluctuates with 
daily changes in air temperature. Upon impoundment, the 
temperature, except in headwaler and surface zones,
becomes relatively stabilized and in the depths may
change greatly only with the seasons. The change from 
riverine thermal conditions to those of the impoundment
will affect both the abundance and the distribution of 
the various fish species differenetly, sometimes pre­
dictably. 

In flowing river water there is normally saturation of 
dissolved oxygen from surface to hottorm, I lowever, at 
least seasonally in many impoundments, thik gas may
he in saturated solut ion only in tl1e surfae waters and be 
so deficient in stagniated depths that fish cannot survive 
there. Where this occurs, that section of the impound­
ment must be discounted, at least seasonally, for fish
production. Such an adverse effect may he compounded 
by the development of hydrogen sulphide from organic
decomposition in stagnated depths. This gas is injurious 
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causet) aquatic life and its presence in water cal also 

damage to hydroelectric turbines. Since adverse chemical 

stratification is ,ivsociaied with thermal stratification, it 

(all be partiily overcole by the positioning of the water 

Outlets in the dall. 

Pfsihliltie. for iIj)rnlv(ent during cinstrt(tiol 

Advwtageous opportunities exist or the improv(ment 

of fis;h habitat and of fishing grou(nds prior to the first 

floding of a man-mad(e lake. Part of the advantage is 

that solire of these ilpIrOvwenients (,i hbe made onlly vvith
 

it ill (i(rce the reservoir is perrarlnily
difficulty or not 
(,,sily be altered

filled. ( )ily seasonally expOse(d areas (a 

Thiis me ,rs that fishery experts


Once the reseivoir fill. 

stuly the F, issibilities of fish habitat improvtement


shlmil 

feasibility assessilent stagesat the earliest plaling 'Il 

of proposed ilm n-mahe lakes. 

Illustrative of habitat improvement procedures that may 

be evaluated ftoapplicability is the installation of 

spawning gro(ulds for pieterred 	spe( ies. The application 
kmwledge of substrate 

(If this pro(edtire r(quires prir 
slawning reqti-(rlientSs ,Idh of the greatest extent and
 

the suitahle substrate.
(d(i)tl distriution hUll water ot 
pl 'r deptlhs, desired substrateWhere it is lacking at the pi 

may ie 'xpole by stripping (1ff an (i\'erlay (If t( psoil. 
inentrate fish for caliture, soch as pilesDevices that ( ( 

(If native blISh, may 1e anchoredl Iibarren lake bottomis. 
)uo0ys that will riseTheir location may he marked with 


with the flOOding water to gniiche fisheriiel t()the sites
 
chdvi(es may be
and aid llaVigati(H 1ring them. Su 

flooded, and 
1)articullrly useftl where clesert grotunds are 


also vii lable for ((ncentrating fish near centres where
 

people are likely to be (ore('t0ralted ar1(ldesir(uiLs Of
 

subsisterice (01 recratlilonl fihing. 
takenThe imlpr(rierlt cnffishiig,grocn(is ha', (iften 


the form nif the reil(i..,alot (fh)strn(Rtionswhich W(iLl
 

limit the effi(ient opieration Of likely types of fishing
 

gear. A (cOimnci mens nit snf
SLR il\H'eenIt has beeni 

to remove trees and brush ptir t floodirig inrinitial 


areas Itl p(rnlnle'iit iriunn(ati(oin This (heri\'es from the 

strong resistance to (heteri(ration oif wcd(l permanently 
I.css and damialge to gear suchsuiblerged ill fesl' water. 


,is gill nets, long lines and trawls ail certainly be reduced
 

by clearing. Nevertheless, clearing also thatmneans 
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sheltering cover and foraging grounds for fish areremoved. Because of these" conflicting concerns, clearing
proposals requir(, early and individual e'valuation for each 
new impoundrnerit. 

Evaluation must also in(Ide recognilion that trans­
portation and public health ne(ds are to he taken int)
consideration at this lime. 
)am i s physr( at harri(,r t() firi novn'(i(nt
 

A river systeri plays a vital r(ole in 
 he lifte cycle of
migratory splecies o"fish- it is a route ift or down which 
spawvners reach Iheir spawning grunids, and fish in theiryoung life history stages reach their fteeding grounds.
For such Sl)eci(es anr astrctinR like i simple dam can 
spell doom. For, not only may the din prevent migrationup-stream, bult fish nigr<ting (h)rvII-s1(,eanr may not

survive the effe(cts of pas,,age tlhiuiigh ihe turbines, ()r,

if led into irrigatio ditu they may I)i, stranerd and
( eS, 

die.
 

If a fishery scientist is (alled in to advise early (nough

inthe planning and Neasibility studies on a dan, some
 
unwanted direct 
 It ,(f the dai as a harrier may be overcome, ofteIn at sirfjrisinely low additional cost. Insuch instances the fisherv (,\pert ny dete'rmine the need,
feasihility and charactrist] St appropriate tish-passing
devices aind fish-guilanc,, Slriucures ls, il (carfilly 
planned and ( 
 euterI lan -ystems,neunv( onlic

harr~ers to nigriitory fish sto(ks may h nimlimize( if
 
not contenipletely overcon(.


Ariong :he leans ()f passing fish innlich lirectiorns
 
over dIais adf for related guidni c Systemis that may ie

combined into so,nd economlic inv(strnejts are: fish­
ways; fishlocks; fibJh liftsor elev,itrs; systems of trapping
at the (Iam and transport arondt ; guidance devces 
for fish to entry of fish )iaS'S and rpsi,or awy from
danger points such as inlet t)irrigation ilchs or 
penstocks. 

The success orf any such installatiom dhienlds on the
extent of knowledg, ()f the pIhysil()gy and lehaviour ofthe species concerned. u)ftenit will lie necessary to 
undertake original and detaiher fie'ld aim laboratory
studies, including (xperiments with modlels of proposed
fish-passing or fish-quidanc, stuctures. Frn ithis point
of view alone it is therefore of extreie inportance that 
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fishery experts be involved in the earliest stages of 
planning for dams across rivers. 

Effects of altered water r6girne 
Dams alter water flow characteristics down-stream and 

thus may affect aquatic stocks in mary different ways 
including water velocity and volume of discharge, water 

chemistry, temperature and turbidity, and the stream's 
ability to purify its waters. There may also I)e alterations 
in the amount of living space for fish, including the 
extent of spawning, nursery and feeding grounds. In the 
estuarine tidal zone, a chemical change of potentially vast 

significance may be effected in salinity, probably in the 

form of an over-all net increase clue to reduction of 

stream discharge. Any reduction in the net annual 
discharge also lowers the capacity of astream for self­
purification, especially as regards reduction in capacity 
for oxidation of transported organic material and reduc­

tion in the beneficial effects of flushing. 
These effects and changes obviously include elements
 

of danger vis-41-vis the maintenance of aquatic produc­
tion. For example, reduction in living space means
 
decreased production and the increased vulnerability
 
of fish to predators and fishermen. Wide and sudden 
fluctuations in daily discharges through clams also reduce 
potential for aquatic production and place stress on 
indigenous species stocks. In extreme situations, the 
down-stream watercoulse isalternately wet and dry each 

day and aquatic production isterminated. A further 
example occurs when oxygenless water or water laden 

with noxious substances passing through a dam may 
eliminate the desired aquatic productivity for some 
distance down-stream. As aspecific example of such 
changes, by 1967 it had already been noted that adverse 
effects of the still uncompleted high dam on the River 
Nile near Aswan were manifest in the estuarine fisheries 
of the delta and were even detectable ii the eastern 
Mediterranean. 

Many potential adverse cffects of altered water flow 
can be offset by careful planning. This planning calls 
for interaction beween engineers and fishery scientists, 
with the result that any planned flow regulation may 
involve little or no compromise of the primary objective 
in creating the reservoir and may add significantly to the 
economic soui idness of the whole scheme by elimitating 
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any loss in fishery potential. 

Effects of flooding and siltation 
A common feature of man-made lakes is that historic 

spawning grounds for certain fishes are drowned. These 
grounds may be the riffles of streams, or quiet, backwater 
areas of specific depth, bottom and cover types that took 
a long time to evolve. In either instance the effects may 
be very damaging to certain species, since successful 
reproduction isof first importance to ultimate yield in a 
fishery. To a limited degree, the effects of such drowning 
are identifiable; countermeasures may he justifiable for 
key species anrd may be accomplished at least in part 
by habitat alteration prior to first flooding. Such habitat 
improvement may take the form of moving earth to 
provide alternative spawning grounds as the reservoir 
rises initially and subsequently rises and falls. Water level 
control during spawning season can offset the drowning 
of spawning groun(s and alleviate the possibly even 
worse effect of the alternate drowning and stranding of 
nest sites. This is particularly important for such fishes as 
basse, and sunfishes of the family Centarchidae, of 
various species of tilapia, and of many kinds of catfish. 

Equally damaging can be the smothering of spawning 
ground or nests by deposits of silt, where the main stream 
and tributaries enter im)oundments and also in waters 
adjacent to agricultural land or along windward shores 
where there isersosion by wave cutting. In order to 
guard against the potential threat of siltation to acquatic 
production, early and integrated planning isrequired 
of engineers, agriculturists, fishery scientists and soil 
conservationists. 

Harmful introduction of exotic species 
Sometimes the elevation of water levels or the con­

struction of canals to cross natural drainage divides may 
result in the unwanted spread of certain acquatic plarts 
and animals into areas not native to them. The outcome 
of such incidental introductions can be so serious that 
fishery, plant protection and )ublic health scientists 
should be involved early in any such engineering 
planning. Intentional introduction of exotic aquatic 
plants, fishes and other animals should be undertaken 
only after extensive research. 
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I)osSililiti.s for arluaculture
 

Frie consiru(:tiOn Of Ireservoir for water SLIp)ply is the 

classical 'prelulet0 tile (leveO)Imlent Of a fish cultural 
the dam. Early planningenterprise down-streanm fron 

n-nimade lakes may advantageously(:oiideliation for 
include aqua( ilAure in the onver-all scheme for water use. 

()re oif the V(OI,IIli( aatlor( IfI(llaIUiltur 'is thati(ons 

it is essentially a n(Iricllsnrilltive use of v,,atetIII (on­

trast t(irrigation aii(ultre,\lii(l1 i.very higly con-

SUlIt)tve.Furth(li l)We, 1)0r unit of land, a1(ua(ulturl 

yields (an under ' (ie,w irCiristil(es far exNC-ed those 

frii agriciltral r()(h tio l in terms (It economic and 

prolein rell ills. 
A wiide variety of plants and animil. may he propa­

gatedl in small iunds supplied wtili rese(rv\(ir water; the 

\,ariety isso,greal tha market prerlrn-(, can usually 

he readily SiiItIlie(l. Su(h plants ric(hde sveral kinds 

Of water cre",, valer Ieltuce an( water (hestnut. Aninkg 

the anilals, MistlI)Lilir ,n( )rlu( live are different 

species (If fish; shrimp along with Other (rnsta( ean allrd 

shellfish; frolt,cr(ncodiles and turtles are also am(-ong the 

prinre polenlial of aqLuacultural t)ro(it( e. In somne circumni­

stances fish can he ctilvated sinnhiltaieoly with ric(,the
 
yield hiing increasedfish heing a hoiulS ( 1i1 all the I-il(' 


wi (f the fh So iirigation
suhstarkiially by the p 

Carlals ar, readily adlaptalhe t~lfish Oir- aiiati( plant
 

pro)agati(in.
 
Although tiin(l ()I(Ihannel that ,all li supplied hy 

gravity floili a reservllir riay he hest for a(tatural 
i)Irl()s(s, the irrciahiiit< 01 (le\'el(Ihin'g loilly intensive 

foirms (If ,(iaCultUre \vitlli:l the arms of the reservoir
 

basin or on its Iniks,sh iuld iot heIvtrlloked at tile
 
he feaihle to
planning stag(e. Insipl iristaln es itnia' 


lift water from the reservoir II sulpl'ly IindIs Io(ated
 

alove theillrnlal high-water level".
 

Experience to date in(icates there is little likelihood 

IWunIs fiofish cultire in the \'icinity (If reservoirs cantIa 

ever he justified for I)Ul)oses (If pflanlig native fislhes
 

inthe reseivoir for stock ,inleiin(e lurli(Ises. If,
 

however, it appears likely that plantingan ,i artifi( ially
 

reared fish of a Irferred s[Iq iWs mayiiy c(npniOsae for
 

its loss (If spawning grounds due to iil)LiiInenit,
 

a feasihilityLstudLy may'well he undertaken. I lie iro­
for laterVision Of Cultural facilities for ewuli( ,dhesiredl 
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introdIluction should be c0onsidered during the planning 
stage, and also the possibility for establishing facilities 
for artificial rearing from which owners of small, some­
times domesic,pondls or rice ilpddies can secure the 
proper fish o fthe c(orrect size for stocking their own 
water. Amnong the fish suggested to stick stu'h ,water 
might even Ihe ambusia, for control of malaria 
mosquitoes. 

WILI[IFE,RlE(RAII C)N ANDI)URISM 

Man-made lakes, ecologically cataclysmnic thotLgh they 
may be, often afford uMsual olplportunities for economic 
gain of wildlife resoLues anld outdoor recreational 
facilities. Altering urology as they (hi, ,nd oftel isolating 
islands or longlleinsulas, sLI(1 new lakes also oter an
 
opportunity for the (c01,eyl,.atioil ()fii:.ei p)aces alld
 
natural bty(IltV,aid the ireseivtitol iiinatul, areas for 
study and enjoyment. In alcdition, forest, within these 
areas may i't(,n he nwlnagd for rnulttil)ne use including 
wildlife %% l'tiin imnetiliis desirableithin ( mnei ,measisS 
from a mtnag,( meni init of view ;at t1w same time, 
itprovides an immeliate (,mmmi rtumni iimeat and 
skins audI(,ilsirs Iurlli( WIturnis fIrmll htuting, \ieving 
and phot(ogral)lilg vildlite. 

tJnles there ik lainiilg, kfa'iltilitv amalvsis and irnlple-
Inlentaliin Wl piroll)ise(l wildl(ife aI,.dr( reatiin levelop­
ment at ai early -tige, i ('1 )i uii( loes-,maiy hne ino urrel 
in the inanagement ad in,,esimnernt planning f(ir wildlife, 
recreation andI tomiiir lake. In benior any nuin,-niir 
noted in planningt, the nesue of s)( ineus oifrire or 
valuable species t ,illife()( froi drowning has not
 
generally been it'tifi.d tomra ,I
ti( fly wildlife manage­
meInt poi:lt of view. 

A pr(giamne fIr Ilie, (iiser,.tnalini iid development 
of wildlife ,esrr es inthe vi( iiit of1a new it,1i-inlale 
lake might raii,,,e wihh,frum ro(sriv,iatior ilinning for' 
the imnmediate basin (wt the relsivnr to the estilili-,hniln 
of small nlatural reseiv(e within the area, even on (erlain 
small islands that nmay ((mi int( beintt inthe ike. 
(onilservtilln ilalrllaiig Ior the ('ntire basin may take the 
chara(cter of awadli ihg()ratliin to press for good
 
conservatii (m(Iel)t,, inall Ile forms uf land and water
 
Use--(orc:eits that an' often overlok( when
vearly 
ecoinmic development alone isthe prime moving force. 
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Aspects that should be taken into account at the planning 
stage for conservation are discussed in the following 
four paragraphs. 

How, by planning, can different uses such as tourism, 
recreation and wildlife utilization be developed, co­
ordinated and integrated with other aspects of the 
management of the new lake or the entire drainage basin 
of which the lake is apart? Planners should identify the 
existing resource arid the potential for its development; in 
particular, national parks, game reserves and other game 
and forest managements areas that may be devoted to 
various recreational uses, such as camping, hunting for 
game and wildfowl, fishing, boating, swimming and 
water skiing. 

Creation of anew lake will destroy some natural areas 
and create others, but early planning can ensure that 
maximum advantage is taken of opportunities to create 
new wildlife habitat in order to compensate for that 
which is lost; for example, auxiliary dikes may serve 
jointly for irrigation agriculture, aquaculture, and wildlife 
habitat maintenance. 

Infrastructure fer recreation and tourism development, 
such as tourist roads, harbours of refuge, marinas and 
tourist accommodation, should be constructed with over­
all lake development in mind, arid sited so as to preserve 
and take advantage of features of natural beauty. 

The interpretation of natural areas arid archaeological 
sites for visitors and the education of local residents in 
conservation are important parts of wildlife, tourism and 
recreation development programmes, and should be 
examined at an early stage in over-all planning. 

All these considerations require the early formulation 
of policies for wildlife, recreation and tourism, the desig­
nation of an appropriate administration, and enactment 
of suitable legislation. 

NAVIGATION AND WATER SAFELY 

Although provision of cheap water transport often
 
appears among the )rimary considerations in the con­
struction of man-nade lakes-as in those of the
 
Tennessee Valley Authority (which isconcerncd with
 
the Tennessee River drainage basin in the United States
 
of America) or Lake Kainji on the River Niger in Nigeria
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-aids to navigation and the codification and enforce­
ment of water safety regulations are often considered 
of secondary importance. Early planning can help to 
overcome some of the problems. 

For example, it may frequently be advisable to add to 
the costs of any projected man-made lake the expense 
to be incurred in removing dangerous obstructions to 
navigation. Included here might be: 
Levelling of rocky outcrops; 
Removal of trees, at least down to a safe level for 

navigation;
Preparation of hydrographic navigational maps and of 

radar charts for blind-weather travel; 
Maintenance of information communication services on 

marine weather and lake elevation, and for use in 
distress; 

Training and equipment of marine safety and rescue 
police services. 
Transportation is inevitable on large man-made lakes 

whether or not it has been a primary purpose in con­
struction. Consequently, feasibility studies of the whole 
project must include the costs of instituting and policing 
marine safety regulations and services. Earliest concern 
will often be over the lack of suitability of native riverine 
craft for use on a new area of water which may virtually 
be an inland sea. Special concern may well arise over 
water taxis and ferryboats. This should lead to the 
codification of regulations for design, capacity and 
requisite on-board safety equipment for all vessels, arid 
to the establishment of rules of road arid vessel-handling 
procedures. Enforcement will involve both the training 
of officers and the education of boat crews and the 
general public. 

It may be wise to consider at an early stage the 
possibility of awatercraft licensing system before 
tragedies occur and unwise investicnts are made in 
faulty hulls with inadequate equ ipMent. Licensing 
provides a means for \ essel inspection ann certification, 
and for offsetting the costs of these and other policing 
services. Some income from this source and taxation 
systems for cargo landings at major ports may supplort, at 
least in part, the costs of port and navigational aid 
maintenance. 

Another cost to be anticipated is the provision of 
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docking facilities, not only for efficient loading and off­
loading, but also to keep stevedores and passengers out 
of the water whre waterborne diseases are present. 
Experience has shown that such facilities are likely to be 
neelei at road-ends around the reservoir and that the 
need will exist as soon as the reservoir starts to fill. If 
ramp devices are to be a part of the (lock facilities, it is 
easier to const ruct them befoire the reservoir fillsfor the 

first time, althougll their loIcation may be best defined by 
the first high water. 

WATER U)UALITY CONTROL 

Man has proved himself to be unusually adept at 
fouling rhe surface vaters of the earth. Even such exten­
sive wa'ter areas as the Great takes of North America, 
segirienits of the oceans, andl the world's largest rif.'ers now 

';hoV damage from pollution. Early thinking and planning 
rlative to man-made lakes should incucle consideration 
of 1ie water qluality through the enactment of appropriate 
legislation, monitoring amd e.forcement, if they doe not 

already exist. 
Inclucded in the uses Of waler cuality standards are 

erosion (ontrol to minimize turlhility and siltation as 

withholdiing fiom the water of nut rient materials that may 

have unwanlUe side effe(ts. -[he inflow of nutrient 

nmalerials (,X1 stimulat the ,growthof waterweeds, 
i1clig ale cOnll onr S:ces of such nutrients are 

drainage from fertilized al,ricultural land, domestic 
sewage and Cerlain inlsltries sucIh ISfood canneries or 
lrcessing plants. Domestic sewage effluents are also 
ha/ardoIus I,)i)ublic health. 

Pesticirles can have dangerous side effects and early 
plans for regu latinrig their use inl the basinl should be 
carefully f rnm:Iated. The following are examples of pesti­
cides that may lie used in rI-around man-make lakes in 
many parts of the world: herbicides for the control of 
nuisance aquatic hIlans; Molluscicides for the control of 
snail hosts of bilharzia (schistosomiasis); insecticides for 
the control i Ihe insect vector (Simuliurn) of river blind­
ness (onchocerciasis), mosquito vectors of malaria, the 
Isetse fly vector of sleeping sickness in man and cattle, 
and for the control of agricultural and forest insect pests. 

Fish poisons may also ')e involved owing to local 
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methods of fishing. All such chemicals and others, some 
of which may derive from industrial effluents, may have 
undersirahle side effects on man or on the aquatic 
ecosystem; some can limit or destroy the capacity of 
water for fish iroluction. The development o, methods 
of direct government control of the use of toxicants in 
the reservoir ecoystem is therefore an important part of 
reservoir planning. 

Early thinking oin water quality control in new man­
made lakes will find technical leadership in the fields of 
soil conservation, forestry, public health and fishery 
limnology. 

AQUATIC NUISANCE PLANTS 

By means of careful and early planning and action it 
is possible to avoid some of the hazards offered by 
aquatic plants to puI)blic health, fisheries an1d navigation 
in man-made lakes. Such lakes can I)x expected to 
provide good growing conditions for many kinds of 
plants, some valUal)le or relatively harmless, or both, 
others actively danlgerous. If the problems posed by 
acquatic nuisance plants are to be avoided or, if necessary, 
solved, their early assessment is essential to preparation 
for a man-made lake. 

Prelirminary survey 
Early planning ror advice regardirng a iropiosed mail­

made lake should include competent infiormation on 
aquatic weeds. The first task would be to survey care­
fully the drainage area of tile fUtire lake for problem 
plants. If potentially dangerous plants are discovered 
in the upland drai nage basis, but not iln Ihe future lake 
area itself, it may be possible to build barriers to arrest 
their spread into the future reservoir. 
Quarantine 

If the lake and its associated areas are free from certain 
dangerous plants which exist in nearby drainage basins or 
countries, then stringen' qJarantine precautions rnay be 
justified to reduce the risk of accidental or deliberate 
importation. 

Measures to minimize risks from noxious plants 
Removal of partiallysuhmerged trees 

Where the crowns of many trees will extend above the 
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water to provide shelter and support for aquatic plant 

communities, the application of herbicides may be 

extremely difficult and even impracticable. Consider­
ations regarding the clearance of the future reservoir 
bottom should include the effect of both aquatic plant 

establishment and its control. 

Lake installations 
Those planning installations for a new reservoir should 

consider the possibilities of heavy aquatic plant infesta­

tion. A dam with an open spillway, for example, may 

enable large quantities of plant material to be discharged 

easily from the lake in time of flood, as on the Rio 
Lempa in El Salvador. In contrast, a spillway overfiowing 
into a tunnel may run the risk of being blocked, as on 
Lake Apanas in Nicaragua. 

Swamps 
Extensive shallow-water areas may not only be wasteful 

of water due to evapotranspiration but may also provide 
habitats favorable to aquatic weeds-areas which, 
because of size, may be expensive or impracticable to 

treat. Keeping the lake out of such areas and, as far as 

possible, into areas with steeply falling banks can help 

to control littoral weeds. Steep banks, furthermore, may 

augment turbulence during storms and so break up 
flcating masses of weeds. However, shoals may be 
important for fishes as spawning, nursery or feeding 
grounds and need also to be evaluated on this basis 
as well as for their public health implications. 

Planning to control aquatic plant invasion 

Conventional spraying methods
 

If it has been determined that an invasion of trouble­
some plants can be expected in a reservoir, a control plan 
should be prepared and costed which, if considered 
feasible, could be implemented when needed. 

rhe plan should include ecological control and, 
perhaps, chemical control. Provision should be made for 

spraying equipment (land, water and airborne) and for 
supplies of the necessary herbicides. Cadre crews for the 
control operation may have to be trained in the recog­
nition of plants, in preparing and handling herbicides, and 
in the operation and maintenance of the herbicidal 
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distribution equipment. 
An effective control plan would include a campaign of 

constant vigilance, continuing indefinitely, to attack any 
developing infestation at its earliest stage. Budgeting for a 
steady campaign to kee ) invading plants at a low level 
of infestation may prove to be wiser than waiting until 
the problem becomes overwhelming. 

Biological control 
The possibility of biological control-by habitat 

manipulation or by animals, fish, insects or diseases-is 
always attractive. Unfortunately, there are few examples 
of its successful operation. However, research into all 
methods of biological control is useful, and information 
on the latest possibilities should always be sought. 

Losses caused by waterweeds 

Evapotranspiration 
Engineers frequently are unaware of the extent to 

which invading plants cause losses to stored water. If 
problem plants are present in quantity, local experiments 
to measure evapotranspiration would give an indication 
of the potential total water losses from these plants. The 
value of the lost water then becomes the basis for 
assessment of the ce,.,ts of control. 

Fish and fishing 
Aquatic weeds coml)ete with fish for living space. 

However, they also provide shelter and forage grounds, 
including an increased area for the production of food 
organisms. Sometimes the shelter they afford is so 
effective that some fishes become overcrowded and 
grow very slowly. Dense plant growths may interfere with 
fishing. Careful local evaluation is needed. 

Utilization of aquatic plants 
The question of whether or not aqL:atic plants can be 

utilized l,-caly may )e worthy o' study. The most obvious 
use is as inimal feed. 
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