CHAPTER SIX

WASTEWATER AND EXCRETA DISPOSAL

World Health Organization assessments of the extent of sanitary
facilities in the developing countries indicate that excreta disposal systems
are particularly imadequate. In fact, within the developing world, 86 percent
of the rural populaticn lack an adequate water supply, and 92 percent lack
adequate excreta disposal facilities. Of the uwrban populations, enly 28 per-
cent have water borne sewerage facilities and 27 percent have no sanitation
facilities of any kind (Feachem, McGarry. and Mara, 1977).

The ewphasis of the WHD and other agencies in improving sanitation for
the developing countries has been primarily on the delivery of community
water supply systems. Studias in this area indicate that without the accom-
panying improvements in excreta disposal, the disease potential of water
supply systema may actually be enhanced, particularly in areas where enteric
diseages are endemic. This enhancement of disease potential is accomplished
through the increased availabllity of contaminated water to greater numbers
of people. Because of this fact, the World Health Organization now stresses
the importance of providing adequate means of exereta or waastewater disposal
in the developing countries.

Thies exemplifies a common problem associated with the devalopment pro-
cess: 1ty the course of the establishment of improvements for the protecticn
of health, further hazardous conditions are produced. These conditions then
necessitate furrher technological interventiom. This issue is a reflection of
the interrelationships between the various subsystems of epviromnmental health.

The primary waste materials of concern in this gection are excreta and
all other organic wastes produced in households, apriculture, and industry.
The term "wastewater" includes all or any combination of the above waste sub-
stances. The foeus of this chapter shall be on the various methods of collec-
tion, treatment, and disposal of excretory material primarily.

Typically, feces are depogited edither on land ot in water. Aquatie
systems are a primary disposal medium, possessing self-purification properties
capable of decomposing and dispersing organic materials. However, the in-
creasing lead of organics corresponding to increaging populations has over-
loaded the natural cleansing mechaniem of many aquatic systems, BSoil as a
disposal medium also provides certain benefits. Feces dry and decompose in
the soil, thereby replenishlng certain basic nutrients needed for plant cui-
tivation. This natural process, however, has become impractical with popula-
tion growth sinee deposition must, of neceszity, occur in close proximity to
human gettlements, thus attracting rodent and insect pests. In both cases,
it is ewvident that these basic methods of deposition directly Into the environ-
ment 4re inadequate, Furthermore, basic disposal methods used in many countries
are also inadequate, being improperly constructed, maintained, and utilized.

Studies of environmental health conditions in many rural areas of
developing countries indicate that indiscriminate defecatlon on land, improper



maintenance of gimple latrines or pit privies, and inconsistent use of these
facilities are common occurrences. (losely associated are the problems re-
lated to the attraction of insect and rodent pests, and the overflow of fecal
material inte the water supply system, Additional organic lond on the water

is promoted by laundry and bathimg habits, as well as the defecation by domestic
and wild animals in the water.

Depogition of excretary material on land presents a number of potential
hazards through direct contact with the fest, attraction of pests and vectors
to the area, transmission to food crops, and particularly contact by children
and domestic animals (WHO, 1972}, Certain intestinal parasites are mest
typically contracted by stepring on dried feces. Ascariasis, trichurlasis,
and ancylostomiasis (hockworm) are contracted in this manner. Othetr diseases
of fecal origin that may be contracted Evom =oil include cholera, salmonellosis,
bacillary dysenmtery, typhoid, paratyphoid, and amoebiasis,

Flies are typlcally attracted to excretary material. TFlies not only
harbor numerous disease organisms in their systems, but may also function as
intermediaries, carrying pathogens on the surfaces of their bodies from feces
te a food source. Furthermore, foods themselves may serve as intermediary
medla for the transmission of certain enteric diseases, particularly as a
result of the use of feces directly ae fertilizer. Wastewaters also serve as
breading sites for numerous disease vectors such as Culex pipiems, the wvector
of filariasis.

Chemical substances originating from fecal materials are primarily organmic
and may be classified ag either lipids, amino acilds, celluloze, hemi-cellulose,
lignin, protein, or ash. Although these breakdown products of plant and
animal tissue do not typically produce disease, they do as a proup, produce
certain adverse effects on the environmment, particularly the aquatic environ-
ment. High levels of organic matter in weter stimulate the growth of microbial
populations which, in tumm, utilize the dissolved oxygen awvailable in the
water, Depletion of gufficient quantities of dissolved oxygen, accompanied
by high levels of organics, eventually lead to conditions of eutrephication
in certaln agquatiec systems. Eutrophication, wf course, does constitute a
health hazard in that, the water supply eventually becomes unfit for human
consumption.

Although toxle chemical gubgtances do not origimate In excrement, they
may bte found in association with excretary materials and, once associated,
often become concentrated. For example, chemicals used in househelds, agri-
cultura, and industry enter the sewers and/or the water supply. Conventional
treatment methods do wot remove many chemicals. Therefore, reuse of these waste-
waters for irrigation or fertilization will cause further accumulation of po-
tentially toxic chemicals. Additiomally, food crops, and in some cases,
animals, then accumulate these chemicals at high levels.

This potential for accumulation of toxic substances Iinherent In the reuse
of waste materials should not, howaver, preclude their reuse. Here againm,
congideration must be given teo a number of Interacting factors that influence
the ultimate health impact of a given wastewater source. These must be assessed
on an Individual basis, considering the types of technologies utilized, ulti-
mate use of the recycled waste, particular chemicsl hazards encountered in
that locality, and local pricrities where trade-offs must be made.

Assessment of Wastewater and Excreta Dispesal Technigues

In the assessment of existing wastewater or excreta disposal projects,
& wide range of technologies are being used. A census of existing facilities
by region, along with available regional information in the areas of area




descriptien, medical and sanitary data, rescurces available, and ongoing
surveillance work is importamt. The data needed in each of the four spe-
cific areas werr discussed generally In the Assessment and Planning chapter.
Data needed to assess the qualiry of specdifie technologies and their sur-
veillance are listed in the technologies section of this chapter.

In geattered rural areas primary concern should be for the provision of
individual (privy) facilities that are sanitary and regularly used. Assess—
went would include determining whether: (1} facilitles are properly main-
tained, (2) local contamination of soil or water supply might be attributed
to malfunctioning or location of the facility, (3) odor and insects are coo-
trolled; and {4) facilities are sufficient for the population and its expected
growth.

In densely populated rural areas, sewiurban, perilurban, and urban areas,
individual systems may operate alpong with community disposal systems. Assess-
ment should include similar faetors, with additional attention to the function-
ing, capacity, and quality of the community aystem. Certain alternatives are
discussed at length in the Technologles sectionp.

In the szzessment of exiscing excreta disposal systems of the individusl
and community types, a set of data should be collected that would be useful
for assessing capacity and for planning changes in a system. The parameters
and data sets of potential use in such an assessment are listed below.

Waete Clasification:

- Domestic (type, age, mede of delivery)

~ Industrial (type, age, mode of delivery)

~ Agricultural {type, ape, mode of delivery)

- Combination (type, age, mode of delivery, realtive percentages)

Waste Characteristics

- Yolume (minimum, average, maximm daily)

- Concentration of organiec materials (BOD5, BODy,, COD}

— Solids (special industrial wastes; total, settleable, suspended, dizsolved,
total volatile, and fixed solids)

~ HNutrient concentrations (nltrogen, phosphorus)

- Color materials {suspended, dissolved)

- Toxielty (BOD reduction rates, bivassays, and specific aquatic micro-
organisms)

- pH {(minimm, average, maximum}

= (uality of tap wzter {mineral analyses)

Hydreleogy and Meteorology

- Evaporatiom {(average, seasonal variations)

- Rainfall {average, seasonal variations}

~ Air and water temperatures (average, seasonal average, average hottest month,
average coldest month)

- Groundwater (average depth, permeabilicy of formation)

~ Percolation rates {preferably meagured with waste to be treated)

- Wind (strength and direction for time of day, seasonal average)

- Cloud cover {percentage of daytime, season, and year)

Light
- Solar radiation (minimum monthly, average amnual, seasonal variations)



Topography .

- Soil characteristics {ease of excavation, embankment use, percolation,
compaction)

- Flood stages {high-water marks)

= Availability of contour map

- Location of houses, industries, agriculture

—~ GStreams (drainage of all types)

Regulations, public health data

- Totential odor problems

- FPotential insect problems

~ Community data (local zoning restrictions, effluent and stream standards,
ownership of lands, location of waterworks)

- Health regulations (effluent and stream stapndards, coliform bacteris stan-
dards, gpecial guality regulations for drinking water and food processing,
bathing water criteria; wildlife, recreation, fisheries regulations; and
priocr appropriated rights to wastewaters)

Use of Effluent

~ Groundwacer supplementation

- Surface water supplementation
= Immediate irrigation

- Industrial reuse

- Tevelopment of wildlife

= Recreational use

Westewater Quality Analyses and Criteria

Sampling of wastewater gquality, particularly after treatment, iz an
important practice. Standardized methods of determining wastewater and
receiving water quality have been developed in many countries, e.g., those
published by the American Public Health Association, American Water Works
Asspcilation, and the Water Pollution Control Federation in 1975. This
section describes the methods used for the determination of water quality,
and stateg the precigion of the determinatricom and the significance of each
analysis in the assessment of quality, The Recommended Resource section
lists some of the more important reference manuwals In the field of wastewater
quality. Simplified laboratory procedures for wastewater examination, pub-
lizhed by the Water Pollution Contrel Federatlon in 1968, should be parti-
cularly valuahle in developing countries.

The suspended solids are those removed in filtration through a stan-
dardized fine medium. They are classified as fixed and volatile, the latter
being the material that is organic in nature and expected to be amenable teo
biological degradation or incineratiomn; the fized solids are essentially in-
ert materials. The suspended sclids can further be classified on the basis
of their settleability. Those that are settleable should normally be remcved
in large measure in sedimentation tanks of one type or another, whereas the
nonseittleable suspended solids require some additional treatment, elther
themical or biologlcal, to remove them from the wastewaters. The suspended
golids content is important in design and disposal, because it determines the.
sludge handling requirements of the plant, imcluding those for dewatering and
dryving the sludge as well as for its final disposal.




Dizsolved solids are the golids in the filtrate obtained after re-
moval of the suspended golids. They represent the salts in solurlon, in-
cluding the mineral salts from the water supply. Diaselved solids are
important mainly where wastewaters are to be reused after treatment. The
digsolved solids remain unchanged by wost conventicnal forms of treatment.

The accumulation of local analytical data is Important for planning
a water guality comtrol program. Where a laboratory is not yet available,
the laboratory facilities of the public health or public works agency or
of a loral university could be used, S$pecific analyses made in the abgence
of a sewerage system are discussed in the technologles sectiom of this
chapter.

In a commnity or region where a sewerape system already exists, the
hest method ¢f determining wastewater quality ia by the analysis of the
wastewater itself. Samples for such an analysis must be taken over a
24 hour pericd, as a definite proportion of the flow, and for at least one
full week. This procedure should be repeszted during different seasons if
seasonal variatiens are to be expected in rainfall, temperature, or population.
Such an analysis, when related to the population tributary to the sewer system,
can help to establish the per capita coentributions of waste te the system go
that population equiwalents for that community or region can be established.

The Biochemical Oxygen Demand (BOD) is 2 measure of the organic matter
present in wastewater. It 1s determined by measuring the amount of oxygen
absorbed by a sample of the wastewater in the presemce of microorganiems
during a specific periocd, generally five days, at a specified temperature,
generally 20 degrees centigrade. While i1t is customary to determine BOD at
a temperature of 20 degrees centigrade in tropical countries, a higher tem-
perature may be selected in order to avoid the cost of incubators that would
require both heating and coolimg units. A BOD at 30 degrees centigrade, for
axample, would be appropriate in parts of the world where ambient temperatures
tend to be high. It is also appropriate, where high temperatures are used for
standard BOD determinations to redece the duration of the test from five days
to perhaps four or even three days, thereby reducing the required incubator
capacity, as samples would then have to be stored for shorter pericds. The
BOD, the primary measure of the strength of wastewaters, is alsc an ipndicator
of the expected effect on receiving streams caused by reducing their oxygen
content. In general, the degree of treatment provided by the wastewater
treatment plant ig calected so¢ the BOD of the gffluent will not be such as to
reduce the oxygen level in the receiving waters below that necessary to snable
the best use to be made of them.

The Chemical Oxygen Demand (COD) is also a wmeasure of the strength of
wastewaters; It is a measure of the oxidation requirements of a sample under
prescribed conditions, as determined by using a chemical oxidant. This indi-
cator is generally useful where industrial wastes are Important. Im any given
gystem, a relationship may exist between COD and BOD, but this will vary
markedly from one city to another.

Coliform organisms, including Escherichia coli, provide presumptive
evidence of the prasence of pathogens, both bacterial and viral. Since human
feces contain about I x 1012 coliform orgauisms per capita per day, all
gewags 1o heavily contaminated with these organisms.

The pH is a measure of the acidity or alkalinity of the wastewater.
Where induscrial wastes are present, the pH indicates whether there is a need
for pretreatment io order to prevent interference with conventional waste
traatment processes. GCenerally speaking, the pH of domestic is near neutral.



Dissolved Oxygen (DO} can be important im the operation both of sewerage
gystems and treatment plants. Water supplies are normally saturated with oxy-
gen, but this 1s rapidly depleted when organic wastes are added tc the water.
In temperate climates, where the sewers have adequate slopes, the wastewater
may reach the treatment plant in reasonably good condition, although the oxygen
level might be quite low. In warm climates snd where the sewers have Elat
slopes, bowever, so that velocities are low, golids are deposited, and the
water takes a long time to reach the treatment plant, the wastewaters will
probably become completely devoid of oxygen and septic. Septlc wastewaters
are more difficult to treat and give rize to odors, both in the sewerage
syatem and at the treatment plant. The DD level of wastewater ip highly variable
and not at all stable. The objective in wanaging raw wastewaters is therefore
to maintain sufficient dissolved oxygen to prevent anaercbic conditions, a trace
generally being sufficient. 1In treated effluents, a level of one or twe mg/liter
as contrasted with saturation values of about ten mg/liter iz desirable.

Where there is a need to disinfect treated wastewater effluents, the
chlorine demand is an important index of quality, since it is a functicn of the
strength of the waste. The higher the depgree of treatment, the less the chlorine
demand of the effluent is likely to be,

Wastewaters contaln significant concentrations of nitrogen and phos-
phorous. Conventleonal treatment does not reduce their concentration signifi-
cantly. Ordinarily, they are not troublescme in the receiving stream, nor will
they be troublesome where wastewaters are te be reclaimed for irrigation or
industrial use. Where wastewaters are to be discharged into relatively clean
bodies of water, guch as lakes or estuaries, however, these nutrients may en-
rich such waters to the extent that excessive algal growth will be stimulated
and the receiving waters may be harmed because of the enrichment {eutrophi-
cation}.

Where industrial plants discharge into the sewerage system, many chemi-
cals may then enter the system that interfere either with treatment processes
or with the quality of the receiving wseters. For example, copper accumulates
in gludge digestion tanks and Interferes with the digestion process.

Grease may cause seripus difficulties in the management of wastewaters,
particularly where it is intended to reclaim the wastewster or to use the
gludge. 1In the absence of discharges from particular commercial or industrial
undertakings, the amounts of grease mormally found in wastewaters are not
troublesome. However, oill, grease, and gasoline from filling stations may
cattge difficulties, and separators are then regquired., Detergents may also be
troublegome, particularly where wastewaters are t¢ be discharged into turbu-
lent streams so that foam 1s likely te be a nuisance. Many countries have
outlawed the use of the so-called hard detergents that are not readily removed
in treatment processes, but even excesalve amounts of "soft" detergents may be
troublesome where treatment is not adequate. These detergents emanate from
households. Other gpecial difficulties may be caused by Industrial wastes.
Special precautions may be necessary.

Technologieg for Excreta Collection and bispesal

Any system of excreta disposal must take Into comsideration the habits and
priorities of the people with respect to defecation and other practices. Tradi-
tionally, the industrialized naticns have been willing and able tc spend large
sums of money for a system that will remove human wastes such that the avetage
citizen need have no direct contact with excrement. In the lees industrialized
nations, however, funds are more llmleted and, furthermore, individual citizens
are not often willing to pay such a high price for excreta dispesal. Nevertheless,




the need for some form of sanitary excreta disposal 1s considered to be
erucial to the elevation of the health starus in the developing countries.
The planning and implementation of progeams, therefore, may very vell in-
volve a variety of compromises both from the economic and technological
standpoint and from the public healrh standpeoint,

Traditionally, recommendstions for technological alternatives have
been geared towards developed country alternatives. These are often unsuited
to the climate, terrain, personpel availability, degree of technological ad-
vancement, and economy of the developing country. The objective here is
to propose and evaluate intermediate technologies that may be feasible for
the developing country.

The excreta disposal and treatment subsystem may be subdivided in
numerous ways: rural ¥s. wrban; community vs. individual; and water-carriage
vs. nmonyatar-carriage. Most appropriate for this document is the rural vs.
urban delimeztion and the relevant technelogies, with additional considera-
tion to high density rural or peri-urban arsas that are becoming more comnon
in the developing areas.

The techmnologies for handling of excreta are typically characterized
as either collection, treatment, disposal and/or reuse. It 1s within this
framework that those technologies meat applicable to either rurazl or urban
communities of developing countries will be discussed. In many cases, these
processes are combined. Any excreta disposal system should be designed with
considerarion of the following factors proposed by Wagner and Lanoix (1958):
- Surface soil contamination
- Groupndwater contamination.

- Surface water contamination.

~ Contamination of excreta by flies or animals.

- Handling of exereta.

= Odorz or nuisance.

- Complexity and expenge In construction and cperation of the system.

The pit privy i3 widely used thromghout the world. It requires a mini-
mum of attention ta location and congtruction to safepuard against soil and
water pollurion. It is simple in design, can be built from local materials in
most cases, and 15 esasy to maintaln, requiring minimal upkeep. Additiomally,
the pit, if kept covered, will not atcract flies and, even If left open, fly
infestation will not be great since the pit is always dark and housed in a
superstructure. Odors are negligible and no handlirg of the feces is required.
A key advantage of this method is that it 1s inexpensive to congiruct and can
be constructed by a Ioecal family without assistance and with locally available
resources. The Iifetime of the pit privy is five to fifteen years, depending
upen the capacity and utilization of the pit. In spite of all these beneafits,
experience hag shown many failures in the effectiveness of the pit privy (Me-
Garry, 1977). This has been attributed primarily to the lack of accompanying
education of local peoples in the use and maintenance of the pit, and to the
fact that local people did not participate in either the decision-making pro-
cess or the actual constructlion of the facilicy (Shelat & ¥Mansuri, 1977).
Clearly these drawbacks are agsociated with the lack of soccess of many rural
technalogy programs.

The bored-hole latrine is similar to the pit privy, having an ldentical
outhouse superstructure and functioning on a similar principle. The major
difference is that the bored-hole latrinme pif is of smaller diameter and
greater depth, Its life is considerably shorter (1-2 years), thereby re-
quiring frequent construction. Howewver, the unit 1s generally easier to con-
struct than is the pit privy, if appropriate equipment is available. An



important consideration ls that soils be free of rocks and stones that might
facilitate contamination of groundwaters. This type of facility is recom—
mended for emergency or temporary situations.

The following peints should be examined during a saoitary survey of pit
privy and borehole latrine installations:
~ Size of the pit or hole im relation to the oumber of users;

- Local subsidence that might indicate caving in;

- Precautions against surface flooding;

~ Cleanliness of set; use of hole rovers;

- Absence of foul smells:

~ Presence of Flies;

- Defects of the superstructure, doors, floors, vwenrilation, ete., and
- Age of pit or hele, level of sludge, and dispersion efficlency.

The physical facility of a pit privy or bored hole latrine will be
similar to that presented in the following I1lllustration. The following
planning factors should be considered in developing such a latrine or in
the assessment of an existing facility.

- 1Is it lecated more than 6 meters from dwelliugs and 30 meters from walls?
- Is a cover provided for the floor slab opening?

~ 1Is tamped parth mounded around the priwvy for drainage and fly seal?

- Ig there an lmpervious floor base to prevent emergency of larvae?

- 1Is rhe pit lined for 1/2 meter at top for strengthening?

- 1Is the pit volume sufficient for four or more years service?

Supersiructure

Figure 1: The pit privy



The agua privy is a modificarion of the septif privy. It consists of
& tank filled with water and a chute extending to it from the latrine floor.
Feces and urine are decomposed anaercbirally in a similar manner to the septic
tank. If the facility is properly comnstructed and maintained, it will satisfy
the aforementioned seven gelection eriteria. Additionally, 1t is a permaneut
installation which, although regquiring operation and maintenance daily, is rela-
tively simple and inexpensive. The agqua privy may be placed nearer a dwelling
than other methods, since there are essentially no odors and 1t will withetand
greater abuse than the pit privy.

Thie type of facility requires regular maintemance for it to satiefy the
ghove advantages. The disadvantages of the squa privy imclude a high initial
cost, the need for sanitation eznd hesith education to promeote proper mainte-
nance, & water requirement (although small ¢ompared to water-carriage methods),
a daily operation and maintenance requirement, and the fact that it cannot be
used in cold climates. Maintenance of the aqua privy requires periodic de-
sludging which may make it less suitable for rural areas.

Figure 2 depicts a family-type aqua privy, The figure shows how the
drop-pipe provides a water seal barrier. Below the figure is a checklist of
planning and agssesament congiderations.
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Figure 2 Fomily=Type Aqua Privy
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Figure 3

Check st

1. Is the concrete tank of watertight construction 7

2. Da the drop pipes sxtend below water outlet level ?
A = Inspection manholes, 40 x 40 cm

B = Inspection box, 40 * 40 ¢m

C = Soakage pit or soskage tranck

D = Capacity of tank : 22.3 m?

£ = Drop pipe 10.5 cm In dlameles

F = Opening 16 = 16 cm in partilion wall

G = Ventilator pipe

Institutional -Type Aqua Privy

Source: Rajogopalan (1974)



Applicability and effectiveness of the agua privy depends alao on
certain sociocultural considerations. For example, although the aqua privy
has been very succesaful in Asia where anal cleansing with water is commonly
practiced, it has been highly unsuvccessful in certain parts of Africa
(McGarry, 1977). The problem described by McGarry occurs in parts of southern
and eastern Africa where sticks, mudhalls, and stones are typically used for
anal cleansing. In the situation, water is not conslstently added to the latrine.
The water level sinks, and the water szesl is oo longer in effect. This then
leads to fly breeding, odors, and generslly unpleasant conditlons. The planmer
muest, therefore, consider lecal sociocultural factors when making judements.

The water-seal latrine or pour—flush unit is a modified version of the
pit privy, the aqua privy, or other methods. It consists of a conerete slab
into which is incorporated & bowl. It may be inastalled over any type of pit or
tank. A small amount of water (1 liter) is required to flush waste materials
into the pit and maintain a warer seal. The water zeal excludes fliez and
prevents odors from escaping. Additional advantages of the water-seal latrine
include the fact that 1t may be constructed clese to the house, that it is safe
fur children, and that it is simple and relatively inexpengive to construct.

The principal disadvantages of this type of installation are that water
must be available year round, health and sanitation educatlon programs must
be used to teach proper use and maintenance, local soils must be permeable,
and use 1s precluded in freezing climates., Additionally, censtruction costs
are generally higher than for the pit priwvy, however, they are less than for
the aqua privy.

The following check list would bé of use in carrying out a sanltary sur-
vey of flush-type latrine Installations:

- Water provided in the latrine imn a container, with a can having a
mouth one liter wide for flushing.

- Capacity of chambers in relation to number of users.

- Cleanliiness, absence of flies.

- Efficiency of water seal.

— Effectiveness of ground abscrpticm.

This system of exereta disposal iz also referred to as box and can privy,
conservancy system, pail latrine, or earth closet In English-speaking countriles,
and as tinettes in French-speaking areas. The basic mechanism of this method
congists of a bucket im which excreta are deposited and removed for smpbying
and cleansing at regular frequent intervals, Some types possess a mechanical
device for releasing earth, sawdust, or ash to cover the excreta, Fipure 4 de-
plcts a bucket latrine and planning and assessment factors to consider.

The trench latrime and "feurillee" are two methods functioning by eszenti-
ally the same principle: a relatively shallow pit is excavatad, and the user
must throw a sufficient quantity of soil over the feces deposited at each use.
Additienaliy, an irom sheet is to be placed over the hole when not in use.
Problems associated with this method way be eazily projected. If the user does
not throw soil in the pit and keep 1t covered, significant hazards may result.
So0il pollurion, especially by worm larvae, may result. Fly breeding in enor—
moos numbers, and access of flies and animals ro wuncovered or lightly covered
feces, ground and surface water pollution, and easy access to and scattering
of the material by rodents and other animals increase hazards.

The primcipal benefit of this method is that it is very inexpensive to
build and maintain, However, its disadvantages appear to be too costly. This
method, if used at all, ghould only be used ag a temporery imstallation
(McGarry, 1977; Wagner & Lamoix, 1958).
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Check list

1. Is a latrine seat cover provided ¥

2. Is the chamber door self-elosing and flytight ?

2. Do the guides position the bucket correctly 7

4. Ara 3 drain snd a saakpit provided for wash wastes i

Figure 4 Buckel Latrine

The overhung latrine consists of an cuthouse superstructure and a
latrine floor built on top of wooden piles sbove the banks of gome body of
water, either seawater or fresh water., These are found arcund seaports and
fiphing wvillages in various parts of the world, particularly in Asian fishing
villages where they may constitute one of the only alternatives; for example,
where huts are raised on stilts above mudflate or shallow water, far from
solid earth.

Under these conditions, certain requirements should be met, The re-
ceiving water should be of sufficient year-round salinity to prevent human
congumption, and the latrine is installed over such water depth that the
bed 1s never exposed at low tide or during the dry season. Every effort
should be made to provide for dilution and carrying away of floating solids
from the village. Stream flow should be 14 licers per second per family for
adequate dilution, and the walkway, plers, squatting openings, and super-
structure are made structurally safe for adults and children.

Further factors of concern with respect to the utilization of owerhumg
latrines include relatively long survival rates of pathogaens in fresh and
brackish waters; the universal habit of prolonged contact with water im bathing
and fishing; and the possibility of atimulating or encouraging more widespread
use of thiz method further inland and wpstream, chus emptying Into smalier,
freshwater bodies of water,



The PRAI (Planning Research Action Institute},type of latrine,
developed in India, {s a relatively low-cost method easlily converted to the
bucket or basket type latrine, thereby eliminating the nuisantes associlated
with daily handling of nightseil (Shelat & Mansuri, 1977). Additionally,
water use, whare soil is porous, is relatively limited. This method is re-
commended for use in India for small village communities {Shelat & Mansuri,
1977 .

Urban Excreta Collection Technologies

Generally, recommended methods for collection of excreta from urban areas
involve water carriage. This is primarily due to the lack of sufficient space
in cities for sanitary leocation and maintenance of latrines. Additiomally,
where these privies and latrines are found im cities, they guickly become
overused, creating highly unsanitary conditioms. This situation leads ulti-
mately to the need for some form of water-carrisge collection method. Indus-
trialized countries have often, in the past, recommended tle traditional sewer-
age system as the "hest" solution, not considering other alternatives that may
be more suitable for developing countries In terms of cost-effectivensss.

If the objective is to supply adequate facilities for all inkhabltants in
an area, then trade-offs may he required, takimg inte account sccial, economic,
and health considerations. Although the level of technical effectiveness may
be lower than with the most advanced methods, it may be more beneficial to pro-
vide a system that pecple can afford and that they are capable of running and
maintaining on their own. HNumerous trade-offs may be required and it must be
stressed here that the choices must be mads by the Indiyidual govermments., For
these purposes, governments are encourapged to enlist the aid¢ of, not only
engineers, but environmental bealth and social science experts whose combined
efforts may greatly affect the ultimate cholce, Furthermore, it may be neces-
gary to perform pilot studies to assess advantages and disadvantages.

MeGarry (1977) proposes the following methods as potential wastewater
collection solutions for the developing urban community; the septilc tank) the
agqua privy; the aqua privy-sewerage oystem; and the vacuum truck and vault.

The septir tank is a large covered settling tank into which raw sewage
15 led., Wastes entaring the aystem may be of exeretory or household origim,
The process of sedimentation occurs within the tanki the sludge settling to
the bottom for further decomposition. The liguid and lighter flcatable solids
flow out of the tank for final disposal., Within the tank, the remaining solids
undergo anaervobic decomposition., Typically, a septic tank may operate for
periods of vne to four years before cleaning out of the remaiuoing solida is
required. .

Tpon leaving the tank, the liquid effluent is filcered through soll,
sand, or small stones. Dmring this gtage, aerobic decomposition is oeccurring.
This process occurs In gubsurface pipe or trench systems, however, alternatives
may be necessary where groundwater levels are near the gurface.

Wagner and Laooix (1258) highly recommend this method for small communi-
ties and rural areas. MeGarry (1977), however, describes 2 number of disad-
vantages in the use of septic tanks for developing countries. They are rela-
tively expensive and therefore their use will typically be restricted to the
wealchy., They require large areas of land for percolation; the area becones
less available with increasing population. $Soils must be highly permeable and
when they are not, effluent becomes a serious healcth hazard. Finally, the
temptation of a municipality to tely on individual ownership may later result
in higher costs when increasing population necessitates reversion to more
efficient methods,




The following check list will be of wese im carrying oyt a sanlitary
gurvey of Installations comprising septic tank latrines:
= Locatdon of the latrine for optimum use;

-~ Availesbility of adequate water supply;

- Adequacy of the oumber of seats for the number of users;

= Efficiency of the water seal as provided; quantiry of flush-water
required;

~ {leanliness of the seats in use; user proficiency;

~ Absence of foul odors apd flies:

- BStructural defects, broken doors, eracked floors or walls, bad venti-
lation, defective manhole covers;

- Average detention time provided by septic tank;

- Age of tank, frequemcy of sludge remaval, quantity and quality of
sludge;

~ Effluent guality and quantity; econtent of suspended aclids;

- Effluent discharge point; efficiency of digtributior and dispersion
in trench; adequacy of absorption surface; and detention time provided
by stabilization pond.

The agqua privy has been discussed in the section om rural collection
methods. It may also be applied to the urban community with the same advan-
tages and disadvantages. The restricticons on applicability of the aqua privy
to the urban community of a developing country are similar to those mentioned
for the septic tank. Desludging may be effectively accomplished by vacuum
trucks.

An alternative system that compensates for some of the major drawbacks
of the aqua privy, the aqua-privy sewerage system, has been developed and
applied in Zambiz (McGarry, 1977). This system allows for disposal of all
household wastes. Initial gettling takes place in the tank, and rhe liguid
then passes out to a sewer system. This system, however, is much less com—
plex than a conventional sewerage syztem due primarily tc the reduction in
aolids farilitated by initial sedimentation. This factor results in reduced
cogts for pipes, trenching, and pumping.

As previously mentioned, insufficient flushing of the system with water
following defecation may result 1n breaking of the water =eal. Although this
concern is scill walid, steps may be taken te preclude this eventuwality. For
example, several aqua privies may be linkad in series so that the liguid
effluent from the first flows to the second, etc. This system may also be
linked dnicially with a communal washing facility. In this mannsar, the water
seal is agsured,

Costs for establishing ard maintaining the aqua privy-sewerage system
are highly variable. One proposed means of reducing costs is by sharing of
the tank between two to four families (McGarry, 1977). McGarry discusses the
relative costs of such a system with the conventional sewerage avatem: "In
comparison to conventional sewerage, this system sets the costs of installing
a tank on the property with its assoelated appurtenances and periodic tank
desludging requirements against the benefites of shallow pipe trenching, low
or nil pumping, a&nd essentially no additional water nesded to maintain the
water seal. This system halds considerable promise where a capital intensive
pasatye technology is deemad necesasary. However, care should be taken te
assess relative costs on a case by case basis as both this and the conventicnal
sewerage systems' costs ars highly sensitive to local conditions.”

The vacuum truck and vaulr system has been widely used in various parts
of Aszia., A wvault 1g used for storage of nightsoll and small amounts of water
from anal cleansing. The fixture within the house may be a flush bowl or a



squat plate, both using small amounts of water for flushing. At periodic
intervals, trucks or carts will collect the contents of the vaults. These
coutents may then be tranaported to a treatment or reuse site, such @s a
fish pond. )

The principal disadvantage of the vacumm truck and waule method is that
it does not accommodate household wastewaters other than excrement. Addi-
tionally, sanitatien is maintained by a water seal and therefore cultural
habics may preclude its safe use.

The advantages of this method include the facts that it {s a relatively
inexpensive community system both In terms of installation and maintenance,
that it is labor Iintensive, that the bowl and vault may be locally manufactured,
and that the system is extremely flexible, allowing for rercuting at any
time (MeGarry, 1977).

There is ldittle doubt that the conventional =anitary seweradge system is
the most effective method awvailable for collectlng wastewaters. However, that
degree of effectiveness is often not necessary, nor can many local communities
afford to install and maintain it.

The gewerage system begins with a household plumbing system composed of
a flugh toilet and pipes leading to connections with the community pipes and
to the gtreet sewera, As sewage pacgses through the system, the pipes become
larger in diameter and manholes are located pericdically for imspection and
maintenance. Pipes are censtructed such that the force of gravity is utilized
whenever possible to move the sewage along at a sufficient velocity. Wherever
necesgary, pumping stations are employed to counter upward slepes. Typlcally,
the sewerage system leads ultimately to a treatment facllity of some sort.

Okun and Ponghis (1975} propose that develeping countries sghould consider
conventional sewerage systems for the more urban areas. The level of urbani-
ration at which this becomes practical however, must be decided on an indivi-
dual basis., And the depree of industrialization is alse a critical faetor;
poliution from commerce and industry may influence the ultimate choice,

HeGarry {1977) proposes that sewerage systems are not practical for
developing countries, since they require high capital investment and relatively
little labor and maintenance. Additionally, he claims that even where gewsrage
gystems have been planned or constructed, they rarely serve the entire popu-
lation in that urban center, but rather only the wealthier areasg. Consequently,
outlylng areas are often neglected apnd sanitation facilities postponed to some
time in the future,

Nevertheless, rapldly industrializing areas may need to congider the
sanitary sewerage system as the only means of dealing with high levels of
industrial pollution. In that situation, Okun and Ponghis {1975) have pro-
vided an excellent dacument on planpning of conventlonal wastewater systems
(collection, treatment, disposal, reuse) for developing countries. The next
gection discusses alternative techmologies for wastewater treatment that are
particularly relevant to dengely populated rural and semiurban areas.

In an appraisal of existing sewerage facilities, the WHO recommends that
the regularity of sewer cleaning operations should be checked, The sewerage
gyatem should be lospected to ensure that no breaks, bleckages, or overflows
have been left unattended.

The investigationm should determine whether there has been any misuse of
storm overflows to discharge sewage from overloaded syatems, and the condition
of the watercourses or drains that might receive such discharges should be in-
spected. The working routine of the main pumping stations and any substantisoma
should be investigated, taking into account the total guantities pumped (as
against the water supplied}, to detect any abnormality in the operatiom of the
system.



The quality of the treated sewage effluent as discharged inro water=-
courses should be teated to ensure that it conforms fo the quality standard
as assumed in the design. If the watercowrse is used by compunities in and
near the area, effective diginfection of the treated effluent should be
arranged ko cover any peried of emergency. f raw sewage is dimcharpged into
a watercoursé or lake through an ocutfall sewer, it canr become a potential
"risk zone" during an epidemic. An outbreak of cholera would contaminate
the receiving body of water with the cholera wibrio, and if there is a con-
stant supply of the contaminating diecharge this organism may vemain in the
water for an indefinice perlod. The use of the contaminated warer lower down,
for irrigarion, baching, washing, and drinking, may spread infectiecn. As an
emergency the possibility of ivterposing an oxidation pond ahead of the ocut-
fall point should be fully investigated.

In any case, emergency chlorination of the sewage effluent should be
arranged to destroy pathogenic organisms before they enter the watercourse.
Large doses may be used, up tu 30 mg/liter, with the object of maintaining a
level of free residual chlorine of 0.2-0.5 nmg/liter., If raw sewage is dis~
charged into the sea, it is necessary to prohibit public access to the beach
in the vicinity during an emergency. If treated sewage is so discharged, it
is berrer ro disinfect the treated effluent for the duration of an emergency.

Wagtewater Treatment: Conventional and Alternative Techmologies

The sanitary collection, treatment, and disposal of human excrement 1n
small communities may be provided by single facilities. However, with in-
creasing populations and crowding, it becomes necessary to transport these
wasteg to larger facilities deszigned to accommodate and treat greater guantities
of wastewater. This section discusses cutrrent wastewatee treatment technologies
of potential use to densely populated areas of developing couniries where a
collective treatment facility is warranted.

The processes that take place in wastewater treatment may occur im a
series of ssparate stages or may be incorporated intc one 0r more stages.

Okur and Ponghis, 1975, have broadly classified the variocus treatment stages
inte the following: Preliminary treatment, primary treatment, intermediate
treatment, secondary treatmwent, and tertiary treatment. These shall be briefly
discussed in terms of the processes occurring in each., However, it must he
stressed that many of these stages are not necessary nor recommended for
developing countries. PFollowing this brief descriptiom, thoze technologies

of relevance to developing countries shall be described in greater decrail.

Preliminary treatment is performed initially to remove coarse solids
from wastewaters and thereby prevent obstructicon or damage to the workings
of the treatment plant. Included in this process are screening, grit re-
moval, and flotation, In those Inatances where wastes are befng discharged
directly into a large receiving bedy of water with ¢nly preliminary treatment,
some form of disinfection is cypically perfotrmed.

Primary treatment involves, basically, sedimentation. It is capable of
a 35 percent BOD remcval and 60 percent suspended solids removal when de-
signed for maximal removal of settleable solids (Okun & Ponghis, 1975). This
level ig aimed for where nmo further treatment is performed.

Sedimentation is accomplished by a variety of methods including the
sedimentation tank, the Imhoff Tank, and the stabilization pomd. The latter
two methods perform additional functions as well as sedimentation; the Imhoff
Tank functions as a sludge digester and the stabilization pond is multifunceional
and shall be discussed later in this section.




