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1, INTRODUCTLON

The long-term prevention of the diarrhoeal disesses vests largely upon the provision
and use of adequate facilities for safe water amd excreta disposal, The attainment of this
objective requires, among other things, a large capital investment in the construction of wa-
ter and sanitation facilities and a better understanding of behavioural factors influencing
water uge and defecation practices. To help attain these goals the 1980s have been designated
as the International Water Supply and Sanitation Decade, during which a comeerted effort will
be made by 7 United Nations agencies to improve the envirommental health of the world's poorer
populations.

This report presents avallable knowledge on environmmental health as it relates specifical-
ly to diarrhoeal disease prevention, and defines priorities for further research that could
contribute to the environmental control of diarrhoeal diseases. It covers in depth the areas
of environmental microbiology, epidemiology (transmission), and related human behaviecur. The
latter area is felt to be particularly important, since if water supply, sanitation, and food
hygiene interventions are to contrel diarrhoeal diseases, changes in behaviour are required
to ensure that facilities are correctly utilized., Conversely, the interventions must be 50
degigned that they are acceptable to the recipiemt community”. The report focuses particu-
larly on populations liviamg in rural or urban fringe areas, where the problem of diarrhoeal
diseazse and environmental hygiene is greatest, Because of the muleidisciplinary nature of the
topics discussed, the report also indicates supportive action that could be taken to facili-
tate implementation of the recommended research activities.

2. SOME DEFINITIONE
For the purpose of this report the Group zgreed to the following definitioms.

The term sanitation is used in the restricted sense of excreta disposal systems, unless
otherwise indicated.

In discussing the etiologies of diarrhoeas, the Group distinguished betweenm the classi-
cal bacterial agents, comprising Vibrio chelerae, Salmonella, and Shigella, and the recently
recognized agents, such as rotaviruses, enterotoxigenic Escherichia coli, Campylobacter jejuni,
and Yersinia enterocolitica, whose means of transmission and environmental survival have re-
ceived little study.

It is now clear that there cxist, at least 3 groups of pathogenic E. @uli - enterotoxigenic,
enterepatheogenic, and enteroinvasive ~ - a5 well as the vast population of commensal E. coli
found in the faeces of most healthy persons; however as most enviyonmental microbiological
studies have been concerned only with the latter group, reference to B. coli refers to this
specles sensu lato.

The Croup was conscious that, whereas studies in environmental microbiology might yield
results with wide geographical implications, many behavioural and operatiomal research stud-
ies would provide culture-specific regults that would have limited applicatiom in other set-
tings. A study of the latter kind is referred to as a case study, while a comparative analy-
sis of findings from a series of case studies is veferred to as a comparative study,

Tn this regard, the Group found the report of the South-East Asian Regional Research Study
Group Meeting on Appropriate Technolegy for Improvement of Environmental Health at the vil-
lage Level {unpublished decument SEA/RES/L5 ~ SEA/EH/217, 19 March 1979) complementary and
particularly helpful.

Escherichia goli diarrhoea — Report of a Sub=-group of the Secientific Working Group on
Epidemiology and Etiolegy. Unpublished document WHO/DDC/EPE/79.1, 1979 (zo be published
in Bull. Wid HMith  0Orgz., 1980, 58)
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3. PRESENT ENOWLEDGE ABOUT ENVIRONMENTAL HEALTH AND DIARRHQEAL DISEASE CONTROL

3.1 Environmental basis of transmission

The major infectious causes of diarrhoeal diseases are transmitted by the faecal-oral
route; but whether such spread occurs and results in infection in a new host depends upon the
number of organismg excreted, the way in which they are influenced by the environment, and the
dose required to infect a new host which is partly related to his susceptibility. In additien,
three properties of the etiological agent need to be considered in determining how the envi-
ronment affects an excreted load of orgamisms: these have been termed latency, persistence,
and multiplication. The inter-relationship of all these factors Ls shown in Figure 1 and
discussed in more detail below.

Figure 1. The envirommental basis of transmission

PROPERTIES RELATED TO ENVIRONMENTAL SURVIVAL

| Latency

EXCRE ’ .

OF PAgggGéggD 5 ! persistence ———3 INFECTIOUS DOSE
cmultiplication !

3.1,1 Exereted lead of pathogens

The concentration of pathogenic organisms passed by an infected persom varies widely but
ig generally gﬁeater in cages than in asymptomatic excretors. For example, a chal%ga carrier
may excrete 10° - 107 wvibrios per gram of faeces while a case may excrete up to 1077 vibrios
per day. When large numbers of organisms are excreted they can often be detected in high con-
centrations in nightsoil and sewage. Eyen in a developed country such as the United Kingdom,
raw sewage has been found to contain 10 Salmonelia per litre, and when such sewage has been
treated by facilities having removal efficiencies of 99%, 100 organisms per litre have still
been found in the effluent. The excreted loads of cases_infected by one of the classicgal
diarrhoea pathogens are usually in the range of 10 - 10 orgamisms per gram of fazeces; there
has been no systematic study of the load excreted by cases infected with any of the recently
recognized pathogens,

3.1.2 ©Properties related to environmental survival

3.1.2,1 Latency

Some pathogens require a certain period of time in the enviromment to become infecrious.
The diarrhoea pathogens are immediately infectious on being excreted amd thus have no ia-
tency period.

3.1.2.2 Persistence

Persistence is the sbility of a pathogen to survive for a period of time in the environ-
ment. This property is one of the best indicators of an organism's capability of being trans-
mitted: a very persistent pathogen will survive most processes for the treatment and re-use
of excreta. The persistence of the diarrhoeal pathogens has not been studied comprehensively.
Most available data come [rom studies of the c¢lassical bacterial parhogens under ¢ontrolled
laboratory conditions or in iong-established sewage treatment processes.

A pathogen that persists for z short time must rapidly find a new susceptible host,
Tn such instances (e.g., shigellosis), transmission most often occurs by person-to-person
contact and as a consequence of poor perscnal hygieme. More persistent organisms can more
readily give rise to new cases in a population, and as duration of survival increases so also
must concern for the ultimate disposal of excreta containing these organisms.
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The estimated survival times of the diarrhoeal pathogens in the enviroument are suwmar—
tzed in Table 1.

Table 1. Estimated survival times of diarrhoeal pathogens in the envircnment

Pathogen Survival time

Entamoeba histolytica )
.

ingreasing Vibrio chelerae ) under 1 month
)
Shigella 3
+ Giardia lamblia )
‘ )

persistence Salmonella typhi ) under 6 months
1 )
i Yersinia )

1 . .
Euteric viruses )
)
Saimonella ) under 1 vear

J
Egscherichia coli )

Data are available on the persistence of enterovirsses, most of
which are not considered pathogens., There are no data on the
persistence of rotaviruses or the Norwalk-like agent.

These data are generalizations based upon a very limited number of studies. Little is
known about the persistence of any of the diarrhoeal pathogens in differcnt habirtacs, such as
small ponds, hut floors, water storage containers, body surfaces, and clothes. Studies of the
survival of V. chelerze in maturzl waters in densely populated endemic rural areas of Bangla-
desh have indicated that survival of this organism may be prolonged on the reoot surface of
certain water plants.

3.1.2.3 Multiplication

Under some conditions the diarrhegal bacterial pathogens can multiply In Lhe environment,
especialiy in food, to concentrations sufficient to lead to ingestion of an infactious dose.
It is generally believed that the bacterial pathogens and protczoa do not multiply in most
waters, and that the diarrhoea-associated viruses and protozes cannet multiply in any envicon-—
ment ocutside their animal hosts. However, the recently reported iselations of non-toxigenic
V. cholerae from shellfish and from natural waters, some of which werc unassecilated with
human infections, suggest that this organism may have the ability to multiply in certain aquatic
environments. Few studies have been conducted in developing countries on the multiplication
of even the classical diarrhoea pathogens in domestic and personal environments. There is
one report indlcating that V. cholerae can multiply rapidly in human sweat, but the epidemio-
logical significance of this finding under normal envivonmental conditions {s not known.

3,1.% Infectious dose

Studies to determine the infectious dose of the diarrhoeal pathogens have bezen limitad
by the practical and ethical constraints of such research. Volunteer studies conducted in
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healthy young adults in the USA have shown the infectious dosze for cholera and typhoid fever
te be several logs higher than the concentrations found in most polluted waters. However, ad-
ministration of an alkaline substance prior to challenge with chelera vibrios to temporarily
reduce gastric acidity, or the feeding of the organism with food, has been shown to lower the
infectious dose by three logs; this suggests that in the natuyal setting the infectious dese
of a pathogen may be influenced by the gastric acidity of the host and the type and amount of
food in which the ingested pathogens are contained, The available data on the infectious dose
of the bacterial diavrhoea pathogens in volunteer experiments are summarized in Table 2. Un-
fortunately, excepr fer one recent gtudy f{rom Bangladesh which suggested that persoms with
cholera usually ingest less than 10 orgsnisms in contaminated water, there are very few data
availahle on the inoculum necessary under natural conditions to cause illmess in childrenm or
in pepulations living in developing countries,

Table 2. Median infectious dose of diarrhoeal pathegens in
adult volunteers in USA

Fathogen Median infectious dose (organisms)
. 1 3
§&}gella* 10" - 16
Eglggnella* 105 - 108
. . . 8 10
Enterotoxigenic E, coli 107 - 10
. 8 9
V. cholerag (classical) 107 - 10

* Dose dependent in part on serotvpe.

i.1.4 Modes of tranmissiqﬂ

The behaviour, i.e., persistence and muitiplication, of an eorganism in the environment,
combined with the excreta disposal and other behavioural practices of the population, deter-
mincs the most important transmission routes of the organism in that community. Thus, for
environmental control, it is important to know whether a particular diartrhoeal diseasc is
transmitted primarily because drinking water, food, hands, clothes, or household items are
vontaminated, or because some particular group, such as children, have specific behaviour pat=
terns thal promote transmission. In fact, transmission may, and probably usually does, result
from a combination of these factors. The fundsmental distioction is between transmission due
to polluted water, where improved water quality is the necessary intervention, and all other
routes, where improved personal and domestic cleanliness are more important control strategies.

1.4 Effect of environmental interventions upon diarrhoeal diseases

Field studies of the health benefits of water supplies and sanitation facilities have in-
volved either the comparing of disease incidence or prevalence in communities with different
facilities, or the monitoring of disease patterns before and after the improvement of facili-
ties within a community. In both types of studies there have been difficulties in ascribing
health benefits to the improved facilities because of the presence of other related con-
founding variables, For example, people who have better warer supplies or . sanitation facili=-
ties often also have higher incomes and better personal hygiene. Similarly, when a single
population is followed over time, an improvement in sanitary facilities, for example, is un-
lTikely to be the only beneficial change that og¢evrs in the community. To attribute all the
benefits to improved water supplies or samitation in such circumstances is unjustified. Con-
verscly, a change in water or sanitary tacilities that results in no health improvement does
not imply that the facilities are useless. The faciliries may have been left unused because
of inadequate health education, because they were inappropriately designed, located, or main-
tained, or because they werc socially, culturally or aesthetically unacceptable.
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As water supply and sanitation affect a range of dizeases that cannot all be measured in
a single study, usually a few indicators or index diseases are used to assess benefits. Exam—
rles of studies in which diarrhoeal diseazse or related conditions were used as an indicator
are symmarized in Table 3, while studies in which particular agents such 2s Shigella or worm
eggs in the faenes were used as indicators sre summarized im Tables 4 and 5 (see pages 25 - 31).
A brief description of thase studies 1s given below.

3.2.1  Healrh effects of improvements in water supply

A number of studies have attempted to relate diarrhoeal disease incidence or prevalence
to water guality and/er availability. Such studies bave used different indicators of dissase
ingidence or prevalence and have been of three gemerzl types: retrospective reviews of clinic
or hospital records, ¢ross-sectional studies in communities or clinics, and longitudinal stu-
dies conducted {a a community or clinic. Most studies have included a study population and
4 contrel population with less adequate water supply facilities. To a few studies the impact
of a planned specific water supply project was evaluated, The indicators most commonly used
in these studies have been the incidence of acute diarrhoeal digease or related conditions and
the prevalence of intestinal microbes or parasites in stonls. The findings of these studiesz
have been inconsistent and souetimes even contradictory. Four studies (Nes. 4,9,13,23) have
attempted to evaluate the impact of a planned specific water supply intervention om diarrhoeal
dizcase morbidity. Two of these studies (Nos.13 & 23) zlso included an excreta dispasal in-
tervention and these were the only ones that resulted in 2 decrease in diarrhoeal disease mor=
bidify; in the other two studies the intervention had no demonstrable impact. Data from
many of these studies have given rise to problems in interpretation. For example, in the ma-
jority of studies summarized im Table 3, no clear definition of diarrhoea was given. In stu-
dies in which data were collected by interview, inappropriately long recall perieds of up to
3 months were sometimes uwsed. Confounding variables such as differences between study and
control populations in wealth, housing, education, dietary habits, and willingness to use
available bealth care facilities from which indicator data were derived were frequently not
considered, Finally, very few studies considered the extremely important issue of water use.

In spite of these deficiencies, the results of these studies taken together do suggest
that improvements in water quality and water availability can often lead to a reduction in
acute diarrhoeal disease, while improvements in water availability can result in a decrease
in the prevalence of Shigella infectiom.

3.2.2 Hzalth effects of improved excreta disposal facilities

A number of studies have attempted to correlate level of sanitatioa with diarrhoeal di-
sease lncidence or prevalence. The study designs employed have been similarly retrospective,
aross-sectional, or longitudinal, and have most frequently attempted to identify an associa-
tion between the level of sanitation and the incidence of diarrhoesa as measured by one or sev-
eral indicators, which were the same as those used in the water supply impact studies. In
most of these studies, the different levels of sanitation in the study and control populations
evolved independently.

The results of these studies have also been inconsistent and sometimes contradictory, and
most suffer from the same deficiencies as those attempting to relate water supply to diarrhoe-
al disezse. Confounding variables were frequently net considered and the utilization of the
Fagilities provided was rarely evaluated. However, in aggragate, the resclts indicate that
improvements in sanitation lead to a reduction in acute diarrhoezl disease, in the prevalence
of Shigella infection, and in the prevalence of intestinal parasites.

Three studies (Nos., 13,21,23) have attempted to assess the impact of a planmed improvement
in sanitation on diarrhoeal disease morbidity; as mentioned above, two of these (Nos. 12 & 23)
algo included improvements in water supply. All three atudies suggested that improvements in

sanitation alene or in conjunction with water supply lead te a reduction in diarrhoeal disease
morbidicy.
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3.2.3 Tmpact of health education

Numerous studies have attributed the failure of water sud sanitation programmmes to com—
menities' lack of appreciation of the potentisl health benefits that could acerue from such
improvements. Although there is now an inereasing educational imput into watey supply and
sanitation programmes, the formal evaluation of this element has often been neglected and ri-
gorous impact studies are thus lacking. Unfortunately, emphasis has rather been placed on the
descriptive evaluation of programmes, using questionnaires and the 'KAP' (knowledge, attitude
and practices) approach, to measure the impact of educational intervention.

An example of effective educational activities is furnished by the Banki water supply
preject in Tndia™’“which focused on the following: (i) dissatisfaction in the community with
current conditions and motivation tewards improving the gquality of life (sickly children can-
not develop properly}; (ii) arguments with relevance to people's daily lives, which they
could easily integrate in their frame of reference; (iii) provision of correct information
to counteract people's misconceptions; (iv) use of common-senseé arguments, particularly re-
garding the payment of water charges. The activities were effective because the positive
methods used in identifying people's attitudes to water did not downgrade traditional think-
ing, and people actively participated in the discussions. This led to fewer negative reac-
tions and an increase in the number of private house commexions, which in turn resulted in
decreased morbidity.

3.2.4  Conclusions drgwn from health impact studies

The varisble effect of changes in water supplies and samitation upon the incidence of
diarrhoeal disease observed in the studies mentioned above has been due to the differential
use of facilities, the variable levels of serviece provided, and the epidemioleogy of the caus-
ative organisms. The use made of the facilities, especially those for excreta disposal, is
perhaps the most impor?EEt factor. It depends upon human behaviour which in turn is related
to the beliefs, culture, and education of the community (see section 3.4), the design of the
facilities, and their attractiveness to potential users. Tt is now widely recognized that
users must be intimately involved in the designing of facilities if they are to be attracted
Lo them,

In studies where the improvement of water supply or sanitation has net shown a reduction
in diarrhoeal disease, it is most probably because they lacked a complementary behavioural
intervention. This is consistent with the hypothesis that a larger number of inputs is ne-
cesgsary to make an impact in a population of low socioeconomi¢ status than in a more prosper-
ous community, and leads to the concept of a minimal effective package -~ the simplest and

least expensive mixture of inputs, both material and social, required to significantly reduce
diarrhoeal disease.

In impact studies where water supply improvements showed ¢lear reductions in diarrhoea
rates, the intervention was probably effective in twe ways. First, the improvement of water
quality reduced the load of water-borne pathogens. Secondly, the increased access to water
{e.g., a piped supply in the home) reduced the incidence of diarrheocal disease due to person=
to-person transmission, especially in the case of Shigella, presumably because the interven—
tion facilitated personal cleanliness and prevented water-washed transmission. Many agents

Misra, K.K. (1975) Safe water in rural areas. An experiment in promoting commumity parti-
cipation in India. TInt. J. Hlth, Educ., 18 (3359},

b3

UNICEF/WHO Joint Study on Water Supply and Sanitation Components of Primary Health CLare,
unpublished document J22/UNICEF - WHO/79.3 (1979)
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.- 1 .. .
of dierrhoea have both water—borne and water-washed transmission but it has been extremely
difficult, if not lmpossible, to study these independently in areas with poor envirommental
hygiene.

Although it is generally accepted that improvements in both availability and quality of
water together with better exgreta disposal facilities are necessary to control the diarrhoeal
diseases, in view of the often inconclusive information obtained from the existing studies
(Tables 3 -~ 3), it would be useful if more and better studies could be undertaken to demon-—
strate and quancify this impact. The Working Group was, however, aware of the expense and
difficulty of these large, 'set piece’ field studies and noted that although there was a batter
understanding of the epidemiological requirements for good study design, the difficulty of
holding extranegus variables comstant had, if anything, increased. Thus, the Working Group
focused its recommendations for research on very specific types of impact study,

3.3  Envirvenmental technelogy at the village level and diarrheoeal diseases concrol

3.3.1  Water supply techmnology

Village-level water supply technologies need to be technically and environmentally sound,
economically efficient, financially affordable, and acceptable teo the users from the social,
cultural, and political standpeoints. They need to be simple in desipn and easy to install,
operate, and malntain.

In some ilnstances these supplles can be provided through extensions of nearby urban water
supplies, but for the majority separate village supply systems have to be developed, 1In such
cases, shallow groundwaters requiring ne treatment are often found ta be the best sources of
water; alternatives, in decreasing order of sultability, are: spring water supplied by gra-
vity and requiring no treatment; deep groundwater requiring no treatment; groundwater requir-
ing simple treatment; raln water; spring water, lake water, irrigation water, or run-off
water (in that order) requiring simple treatment; or river water requiring extensive treat-
ment.

Groundwaters may be exploited by wells of various types. Interest in shallow wells has
increased in recent years and better manuals on their construction have been issued, utilizing
more appropriate technologies. Water lifting and pumping devices in wells need to be as sim-
ple as possible. Rudimentary water lifting devices that are still applicable include a rope
and bucket, chain buckets, and beam and bucket water wheels, but the most commeon devices are
handpumps. Breakdowns in such handpumps constitute the weakest link in the reliabilicy of
villape groundwater supplies, After a long period in which there was little interest in this
area, several new handpump designs have recently been develeped, Criteria for improved pumps
often invelve a conflict between robustness and long life,and ease of repair. International
studies are under way to compare the performance of different designz under comparable rigor-
ous conditions. Meanwhile,those selecting handpumps should be guided not only by their ini-
tial cost but also by their rocbustness, ease of operation and maintenance, potential for manu~-
facture, and the avallability of spare parts.

Definition

Waoter-Washed Transmission: An inadequate quantity of water and poor personal hygiene cre-
ate conditions favourable for spread. Lack of proper human waste disposal also plays a
role,

Waterborne transmission: Water acts as a passive vehicle for the infecting agent. The
contamination of the water occurs through poor sanitation.
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Power sources for mechanised pumping include the internal combustion engime, electricity,
wind energy, hydraulic energy, and sclat energy. Solar energy pumps are still in the develop-
mental stages but they hold promise as a pumping device for village-level water supplies.

The slow sand filter is the simplest system for village-level water treatment. It is
efficient for the removal of turbidity, organic matter, and pathogenie organisms, and also
improves the colour of the water.

Disinfectionm can be applied to village water supplies. Chlorine and its compounds remain
the most widely used disinfectants. Dug well water cannot be disinfected easily within the
wells. The use of pot chlorinators or continous drip, siphon-type, chlorine solution feeders
is often recommended, although they have rarely been used outside the context of a research
project.

Tndirect evidence suggests that the distribution of water through house conmexions re-
sults in maximum health benefits. A single tap in the compound has been associated with de-
sirable rises in water use although the use of standpests is more common in low-coest pro-
grampes. Work is underway on low-cost designs for urban peripheries. In rural areas, the
provision of laundry-shower units beside standposts has been studied as a sc¢histosomiasis
control measure. In general, however, the most recent research on the technelogy of water
supplics at the village level has been concentrated on the abstraction of water from. the
source and on jits treatment, rather than on the design of distribution and utilization systems.
Even the fundamental question of optimal tap design requires more study.

3.3.2 Excreta disposal technology

Village-level sanitaticn systems need to be culturally and politically acceptable te the
users, financialiy affordable, and technically simple to c¢omstruct, operate, and maintain. It
is very much easier to build an excreta disposal system than to ensure its proper use.

Excreta disposal systems may be grouped into 4 categories according to whether or not the
system 1s dependent on a water supply and whether finazl diszposal is on— or off-site. Water is
essential for the proper functioning of the water—dependent systems; i1if it is not always
readily available, they cannot be used. Off-site systems involve the use of sewers or cartage
systems to transfer the excreta from the points of production to other sites for fimal dispe-
sal with or without treatment. As the latter systems always require a high degree of inmstitu-
tional support and are costly, they are not recommendad for village-level sanitationm systems,
though they may be appropriate in urban peripheries.

On-site options for village-level sanitation include conventional pit latrines, vented
indirect pit (VIP) latrines, compost latrines, pour flush latrinmes plus soakaway pits, aqua
privies with soakaways, and water closets with septic tanks and soakaways. Conventienal pit
latrines gontinwe to be widely imstalled, though their association with odours and fly-
breeding, and fear of thelr collapse have digcourapged people of z2ll ages from using them.
Furthermore, the need to relocate them when thev become full tends to waste land. They are,
however, very cheap and easy to construct. The VIP latrine is designed to overcome the lim-
itations of the ronventional pit latrine. 1t is readily emptvable by manual or mechanical
means, gives off little odour, and helps to control fly-breeding. Compost latrines are used
for both excreta and refuse disposal, and have an added advantage in that the end-product can
be re-used. However, they are complicated to use. The pour flush larrine iz a hand=-flushed
water seal latrine connected to a soakaway pit. When the first pit becomes full, the flush-
ings (about 1.5-2 lirres) can be diverted into 2 second pit. When necessary, the contents of
the firse pit can be dug out for re-use. This latrine is very cheap, easily installed, hy-
genic, and odour— and fly-free.

This summary illustrates the range of methods available for excreta disposal. As with
water supply systems, there has been more interest in recent vears in the designing of simpler
technologies for excreta disposszl, which has largely been stimulated by the realization that
sewered sanitation is too costly for many communities in developing countries. One additiomal
area of interest has been the reutilization of excreta in agriculture, aquaculture, or energy
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production (see section 3.3.3).

Of the available methods for large-scale sewage treatment, waste stabilization ponds are
the most suitable for tropical use as they destroy most pathogens and offer the possibility
of using the sewage for fish culture and irrigation.

Excreta disposal has been the subject of much recent techmological development and field
research. Only a brief summary has been given in this veport, which is mainly concerned with
diarrhoeal disease prevention. A comprehemsive account of the techmical, economic, financial,
social, and medical aspects of various excreta disposal, treatment, and re-use fzﬁtems is pro-
vided by 2 recent series of publications and reports produced by the World Bank

3.3.3 Technology and microbiology of excreta re-use

Prier to and during the Tnternational Drinking Water Supply and Sanitation Decade, a large
invesment is being wade in the improvement of excreta disposal facilities in rural and peri=-
urban areas, with emphasis on systems that zllow the utilization of human excreta in agricul=
ture or gas productien. Possible re~use systems are illustrated in Figure 2. Their ecomomic
importance may also help to motivate the local community to make proper use of facilities.
However, clear public health hazards exist in all these systems and it is necessary to design
the processes in such & way that maximum pathogen destruction is achieved,

FIGURE 2.
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World Bank (1978) Appropriate sanitation alterpatives - a techniczl and economic appraisal.
Energy, Water and Telecommunication Dept., World Bank.

World Bark (1978) Appropriate sanitation alternatives — a field manual. Energy, Water and
Telecommunications Dept., World Bank.

World Bank (1978} Socioc-cultural aspects of water supply and excreta disposal. Energy,
Water and Telecommumications Dept., World Bank.

Feachem, R., Bradley, D., Gareleck, J, and Mara, D. Health aspects of excreta and waste-
water management. World Baok/Johns Hopkins University Press (in press). "~




WHO/TDG/ B0, 5
page 1a

3.3.3.1 Irrigation and fertilization

There is a considerable amount of literature, which has recently been rEViewedl, on the
survival of pathogens in sewage and sludge applied to the land. Most of the information
availahle is from developed countries. The eggs of certain iptestinal belminths, especially
Ascaris, are able to survive for particularly lemg pericds and to infect people who work in
the fields, or handle or comsume crops. There is evidence that several of the classical diar-
rhoea pathogens can survive for a few days on vegetables under laboratory conditions, but
little is known about their survival in simple waste applicatiom systems. There have been no
studies on the survival of the recently recognized pathogens in waste treatment facilities or
after land application.

3.3.3.2 Aquaculture

The use of nightseil and sewage in fish ponds, a custom widespread among the Chinese
and Indonesians, has raised questions about the importance of these fish as a seurce of human
diarrhoeal disease. The Clonorchis group of helminths is known to use fish as an intermediate
host, but fdata on the role of ¥ish in the traonsmission of other pathogens 8¢ limited. Work
Is under way in Tsrael and elsewhere on the transmission of E. coli and Salmonella.

A technology tnat iz artracting increasing attention is the use of waste stabilirzation
ponds to produce algae or water plants, such as the water hyacinth (Eichhornia crassipes),
that can be dried and fed to chickens or plgs, composted to produce fertilizers, or digested
to produce hiogas. Little is known about the dizsemination of diarrhoeal pathogens through
such svystems.

3.2.3.3 Biogas

The slurry produced by a biogas plant is generally used for agricultural purposes. Stu=
dies have indicated that biogas productiom is economically attractive only when the slurry is
used in this way. The data on pathogen survival in biogas effluent come mainly from China
and indicate that the slurry may contain large quantities of some bacterial and helminthic
pathogens. The studies do not allow any general conclusions to be drawn about the quality of
the slurry produced by biogas plants of different designs. Virtually nothing is known about
the survival of the recently recognized diarrboeal pathogens in biogas slurry.

3,3.4 Microbicological indicators of pollution

The access of pathogenic orgamisms to water may be intermittent, even where an epidemic
of diarrhoeal disease is occurring due to faecal contaminaticon of the water. In such ¢ases,
pollution is often detected by looking for indicator bacteria. The most commonly ugsed indi-
cator has been E. coli. Group D (faecal) streptococcl and Clostridium perfringens have also
been used. Novel indicator organisms, such as Bifidobacterium, Bacteroides fragilis, and
coliphage, have been the subject of recent research, and the role of Ascarils eggs as an indi-
cator of the quality of digested sludge or compost has been recognized.

Two major problems exist with the currently available standard methods for enumerating
E. coli. First, the incubation temperature (44.50 + 0.2%) of the test is often inconvenient
in laboratories possessing only one incubator set at 37 C for routine bacteriological work.
Second, studies in Tanzania and the Gambia have revealed am alarmingly high false-positive

rate; this is undoubtedly because the test has not been standardizéd for use in tropical eli-
mates.

Feachem, R., Bradley, D., Garelick, J. and Mara, D. Health sspects of excreta and wastewater
management. World Bank/Johns Hopkins University Press (in press).
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It is also now recognized that there are many situatioms in which E. coli may not be an
ideal indicator, For example, it is deoubtful whether E, coli levels are a good indicator of
enteric viruses, and it is almost certain that they are not a good iadicator of the pathcgeni-
city of nightsoil or sludge. Their relationship to the presence of the recently recognized
pathogens in not known.

Fagcal streptococcl, the most commonly used alternative, are easy to enumerate and re-
quire incubation at 35-37 ¢, However, some reports indicate that = high proportion of the
colonies that appear. on the agar piates are §. faecalis var liguifaciens, a strain that
1z not primarily of faecal origin. This matter requires clarification before faecal strepto-
cocel can be reliably used as an indicator of faecal contaminationm.

3.3.5 Food safety and diarrhoeal disease preventien

The predominant health problem associated with food im the developing countries is that
of faegal contamination resulting from an umsanitary enviromment including low levals of
personal and domestic hygiene and poor food preparation practices. In the developed coun-
tries, the largest proportion of food-borme disease is probably caused by foud prepared at
home, in imstitutions, or in food catering establishments rather than by commercially pro-
cessed foods,

To e¢nsure the safety and wholesomeness of food requires a broad range of actions at dif-
ferent ztages of the food chain, from its growth, production, or manufactyre Lo its fimal con-
sumption. In most countries, there is me single programme that addregses itself to all of
these aspects; the state of geconcomic and social development greatly influences strategies
for the implementation of such programmes. In many developing countries, food distribution
is not centralized and there is very little commercial food activity. Many fresh foods such
as vegetables, fruits, and meat are home-produced and processed for family use. In these
situations, the focus needs to be on reducing biclegical contamipation of food through im-
provements in basic sanitation and education of the public in simple safety measures for
the production and preparation of food. Some studies sugpest that food is the most important
source of weanling diarrhoea, and thar faeesl contaminstion of both food and water in the home
may be an important factor. Further weight is given to the role of food in the transmission
cf enteric diseases by reports of food-borne outbreakes of cholera in a number of countries.
The microbiclogical aspects of food hygiene were recently considered by a WHO Expert Commit-
tee”, which paid special attention te the relative public health iwmportance of the various
food-borne disease agents as judged by the severity and incidence of the diseases.

Joh Behavioural aspects of envirenmental control of diarrhoeal diseases

It has been emphasized that, If diarrhoeal diseases are to be prevented, water supplies
and excreta disposal facilities must be used appropriately. This requires community coopar—
ation in the operation and mainterance of facilities and especially in the planming of excreta
dispusal. Thus, the culture and perceptions of communities must be understeod when desisning
facilities »nd planning health education programmes. In comparison with the technological
aspacts of environmental health, this subject has been much neglected.

3.4.1  The cultural background to use of facilities

Attitudes towards the prevention of disease and the containment of illness vary in dif-
ferent societies. Illness itself is more than a medical condition; it has an intense social
and cultural character which is influenced by religious beliefs and ideas about how the world
functions and by the motivations of people. Health care systems must be understood in the
context of a community's social organization. ¥Xnowledge of such facts is necessary to under-
stand any health benefits a population may derive from a ziven water supply svstem or sanita-

i .
Wld. Hlth. Org. Techn, Rep. Ser., No, 398 (1976)
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tion facility. Unfortunately, the cultural parameters that are needed to understand how peo-
ple perceive diarrhoeal disease have not been well studied and there is no unified method for
categorizing or even identifying the social and cultural processes that are most relevant

to heaith. Social science techniques and methods for evaluating the community's sanitary
perceptions and needs are still only partly developed.

We know that cultural constraints operate much more forcefully in sanitation programmes
than in water supply programmes. Successful sanitation programmes have shown guite clearly
that participation by members of a community in decision-making, planning, implementation,
and sharing of benefits is essential. This implies that human behaviour and attitudes should
not be viewed as elements to be modified to suit the technology, but rather as critically
important variables that need to be considered when designing the technology of facilities
in order to ensure user participation in their operation and maintenance.

The major cultural constraint in many envirenmental programmes has been an unawareness
of the importance of operatimg and maintaining both water installations and sanitation faci-
lities. Other important cultural variables concern attitudes towards purity {(e.g., ablutions)
and defecation, Although the causes of failures may lie elsewhere, these cultural constraints
are often used to explain them and often lead to a call for health education. However, there
is little evidence that a health education programme is a cost-effective way of reducing
diarrhocal disease unless it is carried out in conjunction with the installation of new water
supplies or ssnitation facilities (see secticus 3.2.3 and 3.4.3).

j.a02 Water use behaviour

During the last decade, field studies have been carried out on water use in three main
contexts: to determime the pattern and volume of domestic water used in communities without
piped supplies (e.g., in East and Southern Africa and Papua New Guinea); to analyse the ef-
fects of tubewsll use in cholera—endemic areas (Bangladesh); and to measure water comtact
in several areas endemic for schistosomiasis. The results of these studies camnot readily
he summarized as the communities concerned varied greatly in their use of water. However,
the fellowling conclusions can be drawn: bringing water supplies closer to the home but not
inside has little effect on water use if the original water source is less than 2 km distant;
stopping the use of unimproved sources is more difficult than achieving substantial use of
new supplies; the provision of tubewell water for drinking dees not necessarily affect the
incidence of cholera in endemic areas; and urban migration consistently increases water con-
sumpticn but the increase is not large in the absence of piped supplies.

Most studjes of water use have been concerned only with the adult ané older child
population. With the exception of a few observatioms in Bangladesh, the youngest age
groups, who arc at greatest risk of diarrhoeal discase and responsible for excreting the
preatest loads of pathugens in many envirouments, have been neglected. This is impoertant,
as it is felt that their parterns of excreta disposal and water use can differ qualitatively
from those of older people.

3.4.3 flealth education

Health educacion should aim at constructive reorientation rather than the denigration of
traditional beliefs and thinking. At the community level education, to be effective, requires
& two-way dialogue. An important element in planning education and communicatlon Programmes
is their timing and duration. Educational appreaches have often not taken into account the
constraints of free time in the population and the need to have programmes not only during
outbreaks of disease, but on a continuing basis.

Diring the last few decades, very extensive research has been dome on the effective uti- -
Lization of the mass communication media to inform, to change behaviour, and to motivate peoplo.
A broad consesus has been reached that the multi-media approach - the most natural one - is
the most effective way of communication. However, such programmes are expensive and we cur-
rently lack data on the relative economic merits of differing levels and types of investment
in health educaticn.
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One area of concern is that health education programmes have been didactic, advertised as
educational, and very often too packed with information or advice. Often they have comprised
develepment=by-exhortation with little relevance to the clients' needs. They have lacked the
light touch of commercial "jingles." This type of appraoch, comprising short simple messages
that are broadeast repeatedly, has been tried but not properly evaluated.

3.5 Organizational issues in envirommental control of diarrhosal diseases

The problems involved in community organization for envircnamental control of diarrhoeal
diseases have received minimal attention. The key aresz that requires study — that of opera-
tion and maintenance of facilities - has been almost eatirely ignored. The desire for
taverage, encouraged by the International Drimking Wzter Supply and Sanitation Decade, has
further diverted attention from operational problems, which are very great and may be soluble
ouly in the context of the general primary bhealth care system.

3.5.1 Operation and maintenance

The proper operation and mzintenance of water supply and sanitaticon facilities cannot
be over-emphasized if an adequate and safe water supply and hygienic means of excreta dis—
posal are to be provided to the population, especially in the rural areas. The technical
procedures and skills necessary for this purpose are fairly well developed and known. However,
the relatively high percentage of inoperable water supply systems and the {nsanitary con—
dition of execyvéta disposal facilities, Frequently reported in the literature, are Iindicative
of the lack of operation and maintenance systems.

This breakduwn is often ascribed to inadequate financial support and lack of trained
manpower, spare parts, and communify participation. One study has pointed out the need
for an examination of entire maintenance delivery systems, their equipment, financing, manage-—
ment, public information channels, and suitability to the local envirenTent. Very few de-

tailed case studies exist but methodologies for them are being produced .

It is now recognized that the operation and maintenance of water supply and excrata
disposal facilicies, especially in rural areas, have to be considered early in the planning
stage of an eavironmental health programme (see section 3.4.1). A greater effort is being
made to select technolegies that are appropriate to the local situation, with due attention
to their operation and maintenance, and the necessary methodology is being developed. There
is a need, however, for a systematic study, evaluaticn, and analysis of operation and main-

tenance systems to provide a basis for determining which are best suited to specific environ-
ments,

Primayry health care and envivommental control of diarrhoeal diseages

The intensified effort to improve water supplies and sanitation in the 1980s coincides
with the drive to extend primary hezlth care coverage and it is clear that the two must
be ¢losely related. UNICEF and WHO have carried out a joint study of the issues involved.™

There is = consensus of opinion that water supply and savitation are essential com-
ponents of primary health care, that natiomal plans and close cooperation between the several

For Lustance:

Calvneross, 5. et al. Evaluation for village water supply planning. The Hague, WHO Inter-—
national Reference Centre for Community Water Supply (in press).

UNLCEF/WHO Joint Study on Water Supply and Ssnitation Components of Primary Health Cave,
unpublished document JC22/UNICEF-WHOQ/79.3 (1979),
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ministries involved are necessary, and that communities need to be closely involved in the
selection, construction, and maintenance of envirovmeutzl heslth facilities. The implemen-
tation of these broad principles is z far mere difficult matter snd much operational research
is needed to work out precisely what, in a given community, can be expected from the primary
health care workers and what support structures are needed. Often the construction and main-
tenance of water supplies will not be a health ministry respomsibility and the integration
of activities will require a considerable effort. The long~term costs of alternative stra-
tegies, and the economic consequences of participatory programmes, are questions about which
we 5till know little.

Organizational issues include the provision of water supply and sanitation concutrently,
together with health educatien, in order to derive the maximum benefit. 1t may be important
to introduce an econpmic motive. The Chinese "consumer—oriented"” approach 1s an example, in
which farmers cooperate whole-heartedly when they realize that the use of compost and treated
nightsoil as fertilizer increases agricultural production and inceme. This approach would
favour the use of technologies that lead to by-products of economie value, such as bio-gas
plants, waste stabilization ponds fer fish production, and systems producing cffluents for ir-
rigation (see section 3.3.3).

This is obviously an area that reaches far beyond the more precise research objectives of
a diarrhoeal disease programse, but it is important to note that in most successful sanitation
and water programmes, community participation sensu lato has been an important ingredient.

4. RECOMMENDATIONS

4.1 General congiderations

the review of the subject in the previous sections has identified a variety of topics on
which further research is required. In concidering the research priorities, the Werking Group
attempted to strike a balance betwsen fundamental research on basic scientific problems, and
operational and applied research of immediate relevance to the aims and activities of the
International Drinking Water Supply #nd Sanitation Decade. The specific aim of diarrhoeal
disease control was kept firmly in mind.

The Group discussed at lemgth several general features of the research necded on the
environmental comtrol of diarrhoeal disesses. The majority of the research can only be done
in countries, and more specifically in rural villages and urban peripheries, where the
endemic diarrvhoeal diseases are .a major public health problem. Unlike other kinds of diar-
rhoeal disease research, there is little or no possibility that highly sophisticated research
facilities in the developed countries could gemerate results that would be of ‘relevance to
the developing countries. It will alsc be necessary for research in the develuping countries
to develop logistics for collecting data and maintaining research staff in remote areas. Such
arrangements can be expensive and the Group recognized that there might he a need to finance
organizational arrangements to permit rural research to take place effectively.

The Working Group's discussions frequently returned to the highly mulcidisciplinary
nature of the research needed. Nearly all the research studies listed require 2 combinarion
of major disciplines, and some require very unusual combinations - such as micrebiology and
social anthropology. This could make the research difficulf teo organize because there are
very few research institutes in the world that employ both microbiclegists and social anthro-
pologists. WHO will therefore have to make efforts to encourage and support a multidisciplin-
ary research capability.

A related problem is that of the availability of individuals able to design, lead, co-
ordinate. and write up research of a highly multidisciplinary nature. It require? & very un-
usual background and training to be able to work comfortably in a field encampassing anthro~
pology, economics, educatioen, engineering, epidemiology, micrebiology, and pub?lc.h?alth. ‘In
general, WHO may have to support training that will upgrade the competence of individuals 1n
fields other than their own (see section 4.3).
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4.2 Research priorities

The research racommendations of the Group are presented below in three general areas.

4.2.1 Environmental aspects of diarrhoeal disease transmission

These research topics all require a strong local competence in, and facility for, envi-
renmental microbiclogy. Studies will tend to be of a 'set plece’ type in which a team may
design and carry out’ a discrete study designed to answer a clearly defined set of questio?s.
The results will cften have global applicability or, at least, some relevance to workers in
other regions or countries,

Pathogens in domestic environments

Studies should be undertsken of the persistence and multiplicacion of diarrhoeal pathogens
in micro-environments in and around the homes of poorer populations in developing countries,
Attention should be paid to the presence of pathogens on skim, clothes, utensils, and housge-
hold surfaces, and in food and water. These srudiesg may be combined with detailed epidemio-
lpgical and behavieoural observations to elucidate tramsmission routes for diarrhoeal patho-—
gens with a view to improving intervention strategies., They might alse vield informatiom on
the use of environmental microbiology as a means of conducting surveillance of diarrhoeal
diseases.

Environmental effects on microbial pathogenicity

More information is required on the effect of the extra-intestinal enviromment on the
antigenic and biochemical properties of diarrhoea pathogens. especially V. cholerse, and the
consequent effect on persistence and virulence. The possibility of an environmental reservoir,
er at least very long-term environmental survival., of V. cholarae merjts gpecial attention,
especially when V. cholerae is isolated from the environment in Cthe absence of cases.

Food microbiology

There is a need to further develop microbiological specifications for food to help in pro-
viding a basis for evaluation of the hygienic guality of foods and in preventing food-borne
infections and intoxications. In particular, it is recommended that further studies be car-
ried out on the survival of V. cheolerae and other enteric pathogens in foods under different
natural conditionsg,

Waste treatment microbiologz

Further study is vequired on the persistence and multiplication of all the diarrhoes path=
ogéns I1n waste treatment processes, such as waste stabilization ponds and compesting plants,
that are especially appropriate for developing countries. Such studies are especlially needed
for processes that discharge effluents into water sources from which downstream communities
drink or into estuarine or marine envircoments From which shellfish are harvested. The stu-
dies should be undertaken by joint engineering and micrgbiological teams and should enable
them to make recormendations for design or operational improvements of the treatment technology.
in appropriate circumstances, an epidemiological comporent may be added to relate patho=
zen discharge te disease in the community,

txcreta re-use microbiology

Studies are needed on the dissemination of faecal pathogens throush excreta re-usc systems.
Systems requiring spescial atreation are fish culture, crop fertilization or irrigation with
sludges, slurries or effluents, and biopss praduction. Studies should trace pdathogens through
the system to the eventual product {e.g., the fish! and should assess, where possible, the
epidemiological significance of any contamination found. A multidisciplinary team should ha
used, incerporating cngineering and food microbiolozy capabilities.
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Indicator organisms for diarrhoeal pathegens

An improved and more convenient test should he developed for enumerating E. coli as 3
faecal indicator organism. It should have an incubation temperature of 35-37°C {instead
of 44.5 = 0.2°C as at present) amd a high degree of specificity for E. coli in tropical waters
and wastes.

The suitability of faecal streptococci as faecal indicator organisms should be further
studied. In particular, the significance of 5. faecalis var. 113u1fac1ens isolation requires
investigation.

The overall adequacy of E. coli and/or fascal streptococci as indicators of the pre-
sence of diarrhoea pathogens needs to be assessed with particular attention to the relation-

ships between the indicators znd the recently recognized diarrheea pathogens.

Handbook of laboratory techniques

To agssist in these and simitar studies, the Working Group consideved it important that
a clear and well-iliustrated handbook be produced, describing the most suitable techniques
for isolating and identifying diarrhoea pathogens in samples of water, nightsoil, sewage,
s0il, vegetables, etc. The handbook should emphasize techniques that can be reliably carried
out in modestly ecquipped research laboratories.

4.2.2  Components of effective environmental contrel of diarrhoea

These studies concern the social, technical, and economic issues in envirommental health
programmes. They are mostly multidisciplinary in nature and are mainly conducted through
enquiry at the village level. Their results will cften be country~ or even site-specific,
hut they will be highly suggestive to workers in other countries and may in some instances
provide advances in research methodology that have a genmeral application.

Some studies, such as those of children, will best be done by patient observation by an an-
thropologist who is familiar with the particular culture apnd area. Surveys and guestion-

naires may be of limited value and should be used with caution.

Water use studies

Studjes are neecded to determine whether water—boerne transmission results more commonly
from water conbaminated at its source or after storage in the home. fn additiom, the
different Lypes of water storage technology need to be studied to assess the risk of their
becoming contaminated in the home.

Studics are required to develop technical inmevatioms and educational programmes that
will promote greater use of new water supplies for personal and domestic cleanliness.
Technical possibilities include the optimal lecation of taps and the provision of public ba-
sins and showers., Combined engineering and behavioural inputs are required for these studies.

Studies of children

More information is needed on the water use patterns of infants and young children,
and of their mothers in the provision of child eare (e.g., washing). The attitudes of
parents towards their infant's excreta should be studied. Specific cultural or religious
beliefs held by parents that have a detrimental effect upon small child hygiene and could be
influenced by educational programmes should be identified.

Studies should be carried out to learn morc about the defecation habits of Ere—school
chlldren in different societies and the attitudes of these children towards the use of la-
trines. More information is needed to determine whether pre-schoel children use the same
waler sources as adults.
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There is a need to know more abour school sanitary facilities and how they are used by
schoolehildpren. More knowledge is also required on the best ways of teaching hygiene, taking
inte account the faet that there may be different hygienic practices in the home and in school.

Manpower studies

There is a great need for studies into the appropriate role of primary health care wor-
kers in the enviroumental health aspects of diarrhoeal disease control programmes and in en-
vironmental health programmes in general. These are particularly important to ensure that the
demands on these workers are not unreasonable and their training is congruent with their work.
These studies might best be done in countries with well developed primary health care pro-—
grammes and should be orgamized in a way that will allow comparison of results from different
countriesg,

A comparative study of work, training, and potential usefulness of health inspectors
is recommended. The health inspector is a well educated member of health teams in many coun-
tries who is often underemployed or misemploved on minor tasks and could form a2 valuable re-
gourze for diarrhoesl disease control programmes.

Indicators for assessing environmental effects on diarrhoeal disease

The inc¢idence of diarrhoea in a community is usually assessed by periodic surveil-
lance of the population and retrospective inquiry. A more objective and universal definition
of diarrhoea is needed, especially for trans-cultural comparisens, though the Working Group
had doubts about the feasibility of achieving this.

Water use variables arve now well known. The way to measure the use made of sanitary fa-
cilities is much less easy and requires development.

Health education

Since vigorous educational programmes are a crucial part of any effective water supply
and sanitation preject, and are especially important in the effort te achieve an impact on
dizrrhoeal diseases, research directed at defining the most effective types of environ-
mental health education programme deserves high prievity. It is necessary to assess how edu-
cation and ¢ommunication can most effectively be undertaken to maximize the acceptance and
use of water and sanitation facilities. The content of such educational efforts wiil need
to be examined im detail, both in general and in country- or culture-specific terms, There
is need for a comprehensive review of past experiences, both national educational efforts and
smaller demonstratien projects.

4.2.3 Health effects of environmental interventions

Perhaps the most usual, and certainly the most difficult and controversial type of ra-
search in this field is that on the impact of environmental interventions on diarrhoeal di-
seagse incidence. The Group wished to leave the way open for good research proposals in this
field but, at the same time, to focus attention on approaches that might be particularly
fruitful and practical. As these studies are of necessity multidisciplinary and methodolo-
gically complex, and take place over a number of years, they are highly demanding activities
and should be undertaken cauticusly. The detailed findings of impact studies will, in gen-
eral, be site-specific. However, the results will be suggestive for other situations and

each successful impact study will probably make methodological advances that will have global
validity.

The two types of health evaluation studies given a high priority by the Group were the
gvaluation of 'mimimal effective packages' and what may be called "opportunistic’ impact
studies.
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Packape effectiveness studies

These studies constitute the final stage of development of an effective intervention pro-
gramme. Its components are developed using a number of intermediate studies and evaluations
unt}l what is considered an optimal, operationally feasible, and economically viable package
of interventions has been prepared. This package is then assessed in the field for its impact
on diarrheoeal disease using the previous situation in the community as a control; where there :
1z a difference of opinion regarding possible programmes, these may be compared in two matched
compunities. In these studies intermediste indicators of the use of facilities, behaviour
changes, et¢. should be examined so that, if the impact on diarrhoeal disease is less than
was expected, the reasons can be determined and the effectiveness of the package improved.

Opportunistic health impact studies

Large impact studies testing single interventions are not considered to be worth emcour-
aging because of their «ost and because the utility of, for example, water improvements with
and without health education can be more easily assessed by measuring water use., However,
circumstances occasionally oceur when an elegant impact study can be undertaken at a fractien
0f the cost and effort needed for a similar study planned in a pre-established place. Such
opportunities should be utilized, especially when they might provide an answer to 4 specific
question. For example, an opportunity to determines in a2 rigorously controlled way, the
effect of changed water quality alone upon a rural community previously supplied with reticu-
lated untreated surface water would be worth exploiting. It is important for those involved
in envirommental programmes to be continuscusly alert for such opportunities.

Economics research

Although rthe Working Group was aware of the difficulties invelved, and the need for
various assumptions of uncertain validity, it felt that some research should be undertaken »n
the costs and benefits of diarrhoeal disease control. Such studies might include considera-
tion of the economic effects of an outbreak of cholera and its comsequences for tourism. It
wag felt, in view of the very complex effects of tourism on sociceconomic develeopment, that
an isolated amalysis of tourism would be less informative than its consideration in the over-
all economic assessment of diarrhoeal digease control.

Studies on the cost effectiveness of different policies and possibilities in diarrhoeal
digease control programmes would also be valuable.

4.3 Operational regearch in environmental health programmes

Whether or neot it is termed research, it is reasonable to assume that some of the opera-
tionzl studies recommended can be carried out as part of the planning and evaluation efforts
of national environmental health programmes and need not be conducted as iselated research
projects executed by an academic or research-focused ipstitution. For example, observations
on water use by children may be needed in many countries for the planning of the educational
component of these programmes. Studies of the impact of a water supply or sanitation pro-
gramme on diarrhpoeal diseases, however, will usually require the undertaking of a major
research project involving epidemiclogical and microbiological expertise which is not usually
found in a water supply or sanitatiom agency. Thus, the Working Group felt that intermediate
indicators of health impact should be widely used in these programmes to measure the environ-
mental changes that are believed to be essential for achieving a marked reduction of diarrhoeal .
diseane, TFor example, if one aim of a programme is to increase water use for washing by pro-
viding standposts and health educationm, this is hest assessed in the short run, not by health
impact studies, hut by studies of water usa and cbservations of washing behaviour. With
the exception of E. coli counts to assess the faecal pollution of water, these intermediate
indicators, especially the hehavioural omes, have not been studied systematically and methods
for measuring them need to be improved.
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The Working Group also discussed a series of research topics that are related to the
overall operation and evaluation of envirommental health programmes and that will need to
be undertaken by countries if theiy water supply and sanitation investments during the De-
cade are to be effective. The Group felt that the WHO Diarrhoeal Diseases Contrel Programme
should be especially concerned with those that have a particular bearing upon the impact of
an environmental health programme on diarrhoeal diseases. These include specific studies
related to technical, operatiomal, behavioural, and other community aspects of appropriate
technology. Examples of such studies are listed below:

- Studies to determine the importance attributed to water supply and sanitation in relation
to other community priorities.

- In-depth studies of village communities to determine existing sceial groupings and cus-
toms in relation to water supply and sanitation.

- Studies to develop effective approaches for the introduction or transfer of appropriate
technological innovations, especially water supply and sanitation facilities.

- Studies to develop techniques and approaches for mobilizing community participation in,
and vtilization of, water supplies and sanitatiom.

- Studies on the relative effectiveness of different health 2ducation techniques aiming at
changing behavioural patterns related to water supply and sanitation.

- Studies to determine the reasoms why certain water supply and sanitation facilities are
not maintained.

- Studies on the effectiveness of the primary health care worker at the village level in
relation to water supply and sanitaticn activities.

- As a consequence of the International Drinking Water Supply and Sanitaticn Decade, it is
likely that the use of untreated water sources will greatly imcrease. There will be a
need for bacteriological surveillance of such sources. Research is needed on the organ=
ization and operation of low-cost surveillance services and on the appropriate operational
responges to various bacteriological results of surveillance.

Some of these items have received more detailed discussion in previous secticms of the re-
port. Here the Group emphasizes their study in the context of operational research as an
integral part of an ongoing water supply or sanitation programme. The aim will be to produce
the most effective balanced package of interventions, within the available rescurces, for re-
ducing diarrhoeal disease on a long—term basis.

4.4 Training for research

There is a very great need for the training of personnel to carry out the recommended
research as well as for the development of better training metheds. There is a special need
for the training of certain types of workers, particularly sociologists and anthropologists,
on the techmical, scientific, and medical aspe¢ts of water and sanitatlon programmes, to en-
sure that their studies produce results that ate innovative and applicable by programme ad-
ministrators. This is best done by identifying persons who already have an interest in this
field and nwarding them study grants. Other categories of research workers who are in short
supply are epidemiologists and envircomental microbiologists from developing countries. More
efforts are needed to identify persons who could usefuily he trained in these disciplines. In
additinn, there is a need to expand the training of sanitary engineers in the areas of plan-
ning and evaluation.

4.5 ITmplementation of research

1t is clear from the preceding section that the research needs in the field of enviren-
mental aspects of diarrhoeal disease contrel are very varied. They differ from much other
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diarrhoea-related rescarch in three main respects. First, many are muleidisciplinary, trequir-
ing several different professiomal skills for their implementation. Second, they form a con-
tinum from basic research to applied, operational work sometimes to the peint where it is um-
¢lear whether a particular topic should properly be called research or part of an operational
programme. Third, many of the research topics are highly culture-specific; for example,

rhe reasons for an adult failimg to utilize excreta disposal facilities may be totally differ=
ent in differemt countries.

These differences have important implications for carrying out the research. The
majority of investigations in envirommental microbiology (section 4.2.1) form orthodox
scientifi¢ problems and can readily be handled as research projects. The same considerations
apply to some aspects of projects on the effectiveness of envirommental control (sectien 4.2.2).
The results of such studies will have comsiderable global application; for example, the
methodology of the proposed study of the behaviour of young children is likely tc be tranfer-
able, although the Tesults will be culture-specific.

Muny aspects of the projects in sections 4.2.7 and 4.2.3 will yield results that are pri-
marily locatiom- or country-specific. Furthermore, they may be of limited relevance when
separated from operational water supply and sapitation programmes. As mentioned ghove (see
section 4.2.4), they may in some instances be better organized as part of national environ-
mental health programmes where they could be carried out by the unit responsible for evaluat-
ing the programme. The expanded activities during the International Drinking Water Supply
and Sanitastion Decade should provide a greater opportunity for special activities of this
type. It is suggested that the responsible units acquire the capacity te do applied research
in such aress as maintenance of water supplies, community participation im latrine imprave-
ments, or behavioural modifications needed to improve utilization, by enrolling multidisci-
plinary staff, perhaps inc¢luding specialists from local universities. It is fully realized
that very few countries have such units at present and that the WHO Diarrhoeal DRiseases Con-—
trol Programme may need to support their development. Meetings of these groups to exchange
and compare results, and dissemination of their findings, would be Impoxtant.

It would seem from the foregoing that, because of the interlocking nature of much
of the proposed research, and the need for the vast majority of it to be carried out in
areas endemic for diarrhoeal diseases and in cenjunction with national enmvirommental
health prograrmmes, the research propramme might best be implemented by entrusting the work
to z limited number of centres with the appropriate capacity. These centres should be held
together in a metwork to allow the exchange of expertise, the standardization of methods, and
the comparison of results.
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