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I. Sanitation Technology

1 . Introduction:

Improved health is normally considered as one of the main
benefits of improved sanitation. Excreta contains a wide range of
human pathogens, which if not properly treated, can have a
dramatic effect on community health. Technologies for excreta
treatment, to achieve the proper sanitation, are readily
available. A generic classification of these technologies has
been presented in Figure 1.

Selection of
following factors:

these technologies mainly depends on the

- Climatic conditions (temperature ranges, precipitation).

- Site conditions ( topography, soil stability, hydrology).

Population (number, density, housing
labour and indigenous raw materials etc)

types, available

Environmental sanitation (existing water supply service
levels, marginal cost of water supply improvements,
existing facility for excreta treatment etc).

Cost factor (economical and financial analysis
proper selection of a sanitation technology).

for the

- Sociocultural factors (hygiene education level, religious
or cultural factors affecting hygiene practices &
technologies, percept i on of the present facilities,
attitude towards resource reclamation and communal or
shared facilities etc. ).

- Institutional framework (allocation of responsibility;
effectiveness of state, local or municipal institutions in
providing water, sewerage, sanitation, drainage, health
and education services etc).

Table 1 presents a comparison of different sanitation
alternatives which can be used as a guide for the selection of a
sanitation technology.

i n

Major on-site/ off-site technologies are described briefly
the following pages.
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2. On Site Treatment Technology:

2.1. Katrines and Toilets: The major components of a latrine
and / or toilet are:

(a) Superstructures provide privacy, and protect the users
and toilets from the weather. The size of a superstructure (plan
area) should be 0.8 to 1.5 m2, with the roof height of 1. 8 m and
ventilation openings at the top of the walls (75 to 100 mm by 150
to 200 mm in size). Provision of a door for maintaining privacy
and for natural light should be available.

Further, the walls and roof should be waterproof. A variety
of materials including brick, concrete blocks, corrugated iron,
or asbestos-cement roof etc. are available for roofing.

Several low cost and easily constructed superstructures are
shown in Figures 2a and 2b.

(b) Fixtures for latrines and toileta are often included in
the construction of the pit or other substructures. The base of
fixtures may be constructed separately of wood or intregally as
part of the squatting plate.

It is essential to determine whether the local preference is
to sit or squat during defecation. A short description of
squatting plate and/or pedestrial seat used in latrines and
toilets are given below:

(i) Squatting plate for VIP latrines: While designing a
squatting plate for VIP latrines, the following criteria should
be considered.

- Opening size about 400 mm long and 200 mm wide with
keyhole shape. This is necessary mainly to prevent soiling
of the squatting plate.

- Proper location of the footrests such that the footrest
should be an intregal part of the squatting plate.

- Distance from the back wall to the opening should be 100 -
200 mm.

- No sharp edge or rough surface of the squatting plate
materials.

The most common and cheapest materials for the construction
of the squatting plate are timber, reinforced-concrete,
ferrocement. However, glass-reinforced plastic, high-density
moulded rubber, PVC and ceramics are also used.. Figure 3 is an
example of the squatting plate which is made of reinforced-
concrete. Similarly, Figure 4 is another example of a squatting
plate of made of ferro-cement with an intregal metal "Flap-trap"
developed in Tan2ania.
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A. Mud and wattle walls and palm-thatch roof B. Timber walls and corrugated iron
or asbestos-cement roof

C. Brick walls and tile roof (an alternative
is concrete block wails and corrugated iron

or asbestos-cement roof)

D. Rough-cut tree limbs and

Fig. 2 (a) Different materials for Latrine superstructures
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Screen

150-mm
vent pipe

Concrete
slab

Flat roof

£. Palm-thatch wall and roof covering F. A ventilated pit privy

Plan Elevation

G. Multiple-compartment pit latrinç

Sources: For A-E. Wagner and Lanoix (1958); tor F, Appropriate Technology 11^74: ¿ International Scholarly Book Services. Inc.
used by permission); G is adapted from a design used in Haiti bv the Foundation for Cooperative Housing.

Fig. 2 (b) Different materials for latrine superstructures
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6-mm diameter
reinlorcine burs

Plan

Section a-a

1. . . . fiï
• • ; . • • • • / • • - . • • > ' . ' •

/^•v-v-.'. 70

180 i 150 90 i /r 40

Section b-b

Source: Adapted from Wagner and Lunoix ( I95N).

tig. 3 Concrete squatting plate (toilet fixtures)



Plan

Hi)

Front view

Mule: It is suggested that the flap-trap be made of plastic.

Sourer. Adapted from a drawing by U. Winblad.

Fig. 4 Tanzanian "Flap-trap" design for latrines
and DVC Toilets
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(i i) Souattlna plata for Reed Odourless Earth Closet (ROEC):
As shown in Figure 5, a steep (60») sloping chute (diameter 150-
200 mm) is necessary to provide for a ROEC so that excreta can be
directed into the adjacent offset pit.

(i i i) Pedestral seats for Ventilated Improved Pit (VIP)
latrines & ROEC: While designing the pedestal seat, one should
consider the height of the seat and opening size. The pedestal
riser can be constructed in brick, concrete blockwork, or wood;
internal surfaces of a ROEC should be smooth and accessible for
cleaning. Figure 5 is an example of the pedestal seat.

(iv) Squatting plates for composting, pour-flush and vault-
toilets: Squatting plates for composting toilets are the same as
those for VIP latrines, except that, if urine is to be excluded,
a suitable urine drainage channel must be provided.

Squatting plates for vault and pour-flush toilets are in
Figure 6 where the plate is situated immediately over the pit or
vault. This unit is most easily made from ferro-cement or
reinforced plastic. Figure 7 is another example of squatting
plate for pour-flush which a modification of the Tanzanian 'Flap-
trap*. This unit is galvanized before it is cast into ferrocement
slab. Figure 8 is a similar design that can easily be made from
produced in plastic. If the squatting plate is connected to a
completely displaced pit or vault, the design is of the type as
shown in Figure 9.

2-2. Conventional pit latrines: A pit latrines has three
components: a pit, a squatting plate (or seat and riser), and a
superstructure. A conventional pit latrine of unimproved type is
shown in Figure 10. This type of latrine is usually malodourous,
and flies and mosquitoes readily breed in it.

Recent develpoment work in the area of pit latrine has made
pit latrines to be odourless, and they have minimal fly and
mosquito nuisance. Figure 11 is an example of a conventional
improved pit latrine in which ventilation has been provided. Thus
it is known as "Ventilated Improved Pit (VIP) latrine". This
latrine is hygenic, low-cost, and more acceptable form of
sanitation that has only minimal requirements for users' care and
municipal involvement.

Figure 12 is an example of VIP latrine with two pits, which
is often referred to as "Ventilated Improved Double Pit (VIDP)
latrine". The advantages of this latrine over VIP latrines are as
follows:

- eliminates the need to construct the very deep pit.

- no need to construct another latrine once the pit is full
and to facilitate the emptying of the pit where space for
a replacement latrine does not exist '

i
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Hinged cover

Pit latrine

ROEC

•¿•~*~~.'' - • V * ; * •• ' ~ f

Squatting chute

Soie: The pedestal hole should be UK) mjllimeiers in diumeicr tor use hy children. HKI millimL-t¿rs
for adults. Unsupported fiberglass should not be used in consiruL-tion

Fig. 5 Pedestral seats for dry latrines aiul cliute designs
for ROEC1s



- 1 1 -

160

Sectional elevation

-400-

D 13(1

Plan of water seal

Details of squatting plate

Section a-a

60-mm-ihiek
ferrocemont

Source: Adapted from Wagner and Lanoix (|y5«)

Fig. 6 Water-seal squ.it ting plate for PF toilets located
immediately above the pit



30
•320-

-12-

3(1

Plan

Section

Fig. 7 Galvanized sheet-metal water-seal unit for PF toilets
located immediately above the pit
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Plan

460

Water-seal bowl

Source: Adapted irum Warner ;ind L;inoi\ ( I95M).

Fig. 8 Plastic or fibreglass water-seal toilet
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A. Cement mortar or ceramk pan

-4<J5

Plan of squatting plate (pan) Plan of water-seal unit (trap)

115—|

1-2 mm of «ment mortar

|.Î-J4-76»| I. 13
h-KG-l

B. Ceramic pedestal

Section a-a

I : I -I» ios—[—115

Mortur-siroul
¿roulfnj;

Section b-b

Trap

Junction of pan trap

Side view Top view

Sources: A adapted from Wagner and Lanoix (WK): B adapted from riMut-.R (Ccnior for Multidiscipliniiry Investigation's in Rtira
Divelopmt'nii. Colombia.

,' Fig. 9 Pour-flush (PF) units for displaced pits
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Ground level

Open for
ventilation

Vent hole

— Removable
cover

Soil dug from pit 2

"~" Concrete or
soil cornent

Pit

Side view

Base

j" Squatting
ï. pluie

Alternative base using hewn logs

Vote: In termite-infesled areas, use treated wood or termite
barrier.

Sourer. AdjpiL-d from Wagner and Ljnoix ( JV5«).

Fig. 10 Conventional unimproved pit latrine
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J, ¡ishcMiK. tile. >hect metal,
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1.000

Optional door
or curtain of
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available

materials and
hardware

Side view (section) Front view (superstructure;
L-shaped wall and vent not shown)

.Voie: In the side view, a pedestal seal
or bench may be substituted for the
squatting plate. An opening for de-
sludging may be provided next to the
vent. Dimensions of the bricks or con-
crete blocks may vary according to local
practice. Wooden beams, flooring, and
siding may be substituted for concrete
block walls and substructure.

Isometric I superstructure:
single-vault pit)

Fig. 11 Ventilated improved pit (VIP) latrine



-17-

An alternative design for a VIP latrine is the Reed
Odourless Earth Closet ( ROEC) latrine shown in Figure 13. In
this latrine, the pit is completely offset, and excreta is
introduced into the pit via a chute.

Advantages of ROEC over VIP latrines are: (i) pit is larger
and thus has a longer life than other shallow pits (ii) users
(especially children) have no fear of falling into it (iii)
excreta cannot be seen in the pit and the pit can be easily
emptied, so that the superstructure can be a permanent facility.
The disadvantage of this latrine is that it is easily fouled
with excreta and thus may provide a site for flies breeding.
Figure 14 provides different pit designs used for conventional
pit latrines. These latrines are designed for use without water,
i. e. , there is no need to flush excreta into the pit.

2.3. Composting toilets: Household systems for composting
night soil and other organic materials are used under a variety
of conditions and are successful in both developing and
industrial countries. Composting toilets for this purpose are of
two kinds: (a) continuous ( b) batch.

(a) Continuous composting toilets: These are onsite aerobic
composting toilets often referred to as the "Multrum", which was
invented by Lindstrom. These toilets have been in commercial
production for more than 20 years. Figure 15 and 16 are such type
of toilets. A Multrum consists of a water tight container with a
sloping bottom. Human excreta is introduced at the upper part of
the container with a sloping bottom. Human excreta is introduced
at the upper part of the container, and mixed with organic
kitchen and garden wastes (grass, straw, sawdust etc.),
introduced lower down, to increase the carbon- nitrogen ratio.

Biopit toilet (Figure 17) which is the modification of
Multrum toilet incorporates a gravel soakage pit to treat and
dispose of the the liquid waste present in excreta.

(b) Batch composting toilet: These are onsite anaerobic
composting toilets. Simplest kinds of batch composting toilets
are pit latrines. The excreta deposited into the pit is
decomposed anaerobically, Hhen the pit is about 2/3r" full, it is
filled up with dirt & left there for approximately 2 to 3 years
so that excreta will be stabilized and pathogens will be
inactivated, rendering it satisfactory for use as a soil
conditioner. Some of the toilets in use are shown in Figures 18,
19, 20. The VIP latrine (Figure 21) is also in major use and is
more favourable from the sanitation point of view. Vietnamese
toilet as shown in Figure 22 is also claimed to be the key
component of a rural sanitation program for disease prevention
and fertilizer.

i
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vent

12 Ventilated Improved Double Pit (fIDP) Latrine

.1-
600mm

I

200mmdamecer —•
vent

lOOmm precast concrete
access covers with lifting
holds cast in

seni and
I cover

230mm

1,920mm

6mm diameter
m m reinforcing, bars

rlOOmm

Fig. 13 The reed odourless earth closet (ROEC)
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-UX»- to
MX), mm

joints
laid with
mortar

Circular pit with brick lining Round pit with partial
lining of tree limbs

Bored pit with concrete lining

Concrete
on soil
cement

rJ

pit

Ground
level

Squatting
plate

Built-up
plinth

Lean concrete
backfill

Open
brickwork

Unfilled pit Square pit with partial
concrete-block lining

Raised pit latrine for use in areas
of high groundwater table

Sources: Top row. adapted from Waener and Lanoix (1958); bottom row. World Bank.

Fig. 14 Alternatives pit designs



- 2 0 -

Fly-proof
mesh

Long-handled
cover to

squatting plate

O- or A-shaped channels

150-mm-diameter
vent pipe,

painted black

Decomposing
waste

Source: Adapted from a drawing by U. Winblad.

Fig. 15 "Multrum" continuous-composting toilet
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101

.Fig. 16 The Clivus Multrum toilet
(Rybczynski et al.,1978)

poge pit
i Triplt loyered lillf,
3 duel

Toiler chute
5 ACCESS holch

6 Vent

Fig. 17 The biopit composting toilet
(Rvbczvnski et al.,1978)
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800

closed bottom compost latrine

open bottom compost latrine

Fig. 18 The African batch compost toilet



-23-

Fig. 19 A bucket latrine with squatting plate

groove

Snip in i

Fig. 20 The Yemen long drop latrine
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odort flics

Fig. 21 The schematic diagram of ventilated improved pit
latrine (Morgan and Mara,1982)

Fig. 22 The Vietnamese composting toilet
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2. 4. ( a) Pour-flush ( PF) toilets: A further improvement to
the pit latrine can be obtained with a water seal, which is a U-
pipe filled with water, below the seat or squatting pan and which
completely prevents the passage of flies and odours. This type of
toilet has three major advantages: low water requirements;
complete odour and fly elimination by the shallow water seal; and
they can be located, if desired, inside the house, and not
necessarily only on the ground floor. Figure 23 represents the
pour-flush toilet connected with septic tank systems (soakaway,
drainfield and sewer).

2. 4. ( b) AQuapri vies: The aquaprivy is a watertight settling
tank to which wastes are carried by water flushing down a short
sewer and which is located directly underneath a squatting plate.
It has a 100 to 150 mm diameter vertical drop pipe extending 100
mm below the liquid level in the tank. Two different aquaprivy
systems are presented in Figures 24 and 25.

Figure 26 is the improved type of the aquaprivy with sullage
disposal. This type of aquaprivy is more useful where the common
anal cleansing materials would clog the water seals of PF
toi lets.

2. 4. (c) Septic tanks, soakaways and drainfields: Septic tanks
are rectangular chambers which are, usually, below ground level,
that receive both excreta and freshwater from flush toilets and
other household wastewater. The mean hydraulic retention time in
the tank is usually one to three days. At this period, the solid
portion settles down to the bottom where it can be digested
anaerobically and a thick layer of scum is formed at the surface.
A schematic diagram of the conventional septic tank is shown
Figure 27. This is a two compartment septic tank which is
generally preferred to the one with only a single compartment
because the concentration of suspended solids in its effluent is
considerably lower. The first compartment is almost double the
size of the second.

Figure 28 shows a variety of alternate septic tank designs,
including an experimental septic tank in which an anaerobic
upflow filter is substituted for subsurface system for effluent
di sposal.

Figure 29 is an example of a soakaway in which the septic
tank effluent is discharged directly. Similarly, Figure 30 shows
a number of drainage trenches connected in series where the
effluent is discharged. Each trench consists of open-jointed
drainage tiles of 100 mm diameter laid on a one meter depth of
rockfill.

In those areas where the water table is near the surface or
the soil percolation capacity is insufficient, an évaporât i on
mound (Figure 31) may be substituted for a drainfield.
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With distribution box and drainfield

Sullage inlet

Septic tank

Sewer

With sewer

S Slope.

Fig. 23 Pour-flush toilet- septic-tank systems
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Sullage

vip latrine
with separate sullage soakaway

Sullage soakaway
Inspection chamber

with vent

FF toilet

Fig. 24 Formal equivalence of sullage aquaprivy to VIP latrine
with separate sullage soakaway to PF toilet
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Inspection chamber
with vent Suilage

Sewer

Sewered Pf toilet

Fig. 25 Formal equivalence of sewered aquaprivy to sewered
PF toilet
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Vent pipe
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L
To sewer or^
soakage pit "

tr _i

Plan/s«ctfon a-a

Fig. 26 Improved sewered aquaprivy with sullage disposal
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Inspection opening
150-mm diameter

Inlet
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near side wall

at least 600-mm Compartment
diameter v baffle

At least 25 mm Liquid level 20 percent
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- f t ••>:x™ï&mïi-ïïïM 40 percent
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of liquid depth 1 i-
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Clear space
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(75 mm. minimum)

Sludge clear space
(300 mm. minimum)

Inspectin opening
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Water line
A

Outlet "T"

Sludge

First compartment Vt length Second compartment 'A length

Total length equals two to three times width

Fig. 27 Schematic of conventional septic tank
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tank with upflow filter
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Section a-a

Sullage inlet Sluiry 600-tnm diameter
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Section b-b

Three-compartment septic tank
for resource recovery

Fig. 28 Different septic tank designs



Va ria ble
soil cover

Rock fill
(150 mm.
minimum)

Source: Adapted after Wagner and Lanoix (1958).

Fig. 29 Schematic of a soakaway
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Future diversion box

Drainfield trenches (

Overflows in
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Plan
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Trench
width
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liquid-soil
interface

Silt barrier
(untreated paper)

\

Open drain tile
(75- co 125-mm diameter)

• Effective
sidewall area

Bottom area

Section a-a

Source: Adapted from Cotteral and Norris (1969: © American Society of Civil Engineers;
original used by permission).

Fig. 30 Drainfield for septic tank effluent
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100 mm of straw

Grass cover

Sand fill

Sandy loam soil

Perforated lateral

ISO mm of topsoil

S « 3:1, maximum
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Cross section a-a

Pipe from septic tank

L =
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(75 to 12$ mm in I

diameter)

Bed area (20 to
60 mm of clean rock)

„; i

Plan/top view
S Slope,
Note: An acceptable alternative to a mound is an evapotranspiration bed. which has the same construction but
is built in a natural or manmade depression not subject to flooding and has a more or less level surface.

Fig. 31 Evapotranspiration Mound
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2. 5. ( a) Bucket Latrine: It is a traditional type of latrine.
This latrine consists of a squatting plate and a metal bucket
located in a small compartment immediately below the squatting
plate. Excreta is deposited into the bucket, which is
periodically emptied by a night soil labourer into a large
collection bucket. When it is full, it is carried into a night
soil collection depot. Figure 32 is an example of a bucket
latrine and cartage.

2. 5. ( b) Vault and partage system: In this toilet (Figure
33), excreta is discharged into a sealed vault that is emptied at
regular intervals. A vacuum tanker is preferred one to empty the
vault.

This type of toilet can be installed as a PF toilet either
with the vault immediately below the squatting plate or with a
completely offset vault. In the later case, the vault may be
shared by an adjacent house, with some savings in the
construction Cost.

2. 5, ( e) Communal sanitation facility: It provides a minimum
service level ranging from sanitation only to a combination of
latrine, shower, and laundry units. Figure 34 is an example of
the communal sanitation facility from which excreta as well as
wastewater is. discharged to the sewer.
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Squatting plate
Fly-proof door

for cartage collection
r

Bucket vault

Paved surface and drain

Ground surface,

Soakage pit for bucket washwater

Bucket latrine Night-soil collection
by dipper and bucket
(here a vault rather

than a bucket is located
in house)

Night-soil bucket and scraper Cartage wheelbarrow for three or six buckets

Note- Fly-proof doors and paved surfaces and drains are commonly missing in most existing bucket latrines.
Sources: Top left, adapted from Wagner and Lanoix (1958): top right, from a photograph courtesy of Michael G. McGarry;
bottom. Department of Social Welfare, Ahmadabad. India

Fiy. 32 Bucket latrines and cart aye
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Vault below squatting plate

Vent

Hose to tanker

Offset vault

Fig. 33 Alternative designs for vault toilets
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Sewer

Roof
line 2 - J

Fig. 34 Schematic of a communal sanitation facility
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3. Offsite Treatment Technology:

The excreta and wastewater from the households are received
to the sewer and collected in some central location for
treatment. In some areas where there is no sewer facility, they
may be collected by collection trucks to the central treatment
plant. This type of treatment can be defined as offsite
treatment.

The degree to which excreta and sewage are treated is
largely influenced by what is to be done with the final solid and
liquid products. For example for small flow discharge to the sea,
a minimum treatment is sufficient. If the effluent has to be used
for irrigation of food crops, a higher degree of treatment is
needed.

Treatment of human wastes in developing countries has two
principal objectives: the removal and destruction of excreted
pathogens and the oxidation of the organic matter. The first
objective is required to protect public health and the second to
prevent pollution in the watercourse receiving the effluent.

i

Among many types of treatment systems, the most economic,
easy and widely accepted as well as suitable in developing
countries are presented below:

3.1. Haste Stabilization ponds: These are large shallow
ponds in which organic wastes are decomposed by microorganisms in
a combination of natural processes involving both bacteria and
algae. Haste stabilization ponds can treat raw sewage, the
effluent from sewered PF toilets, diluted night soil, or sullage.
This is the most economical method of sewage treatment wherever
land is available at relatively low cost. Three types of ponds
are in common use:

- Anaerobic pond which functions as an open septic tanks
fc have retention time of 1 to 5 days & depths of 2 to 4 m.

- Facultative pond in which oxygen is necessary for
biooxidation of the organic material. The oxygen is
supplied principally by photosynthetic algae which grow in
them naturally and with great profusion. They have
retention times of 1 to 5 days.

- Aerobic maturation pond receive facultative pond effluent
and is responsible for the quality of the final effluent.
It has a retention time of 5 to 10 days and depths of
about 1 to 1.5 meters.

Anaerobi c and f acul tati ve J3o_nd_s_ are designed for BOD
removal, whereas, the function of the maturation pond is the
destruction or the removal of excreted pathogens. Normally these
three types of ponds should be used in conjunction to form a
series of ponds. Figure 35 through 38 present some layouts and
design details of waste stabilization ponds.
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Inlei
(for details,

see fig. 21-2)

\i

Anaerobic
pond

L.

Facultative pond

Aerobic pond

.-J Aerobic pond

Interpond connection
(for details, see fig. 21-3)

Aerobic pond

Outlet
(for details,

sec fig. 21-4)

5.400

Plan layout
(not to scale)

4,000

Precast concrete slabs

Varies

100 mm of
selected fill

Section a-a

Detail of a typical embankment

Precast concrete slabs
for protection

against wave erosion

Fig. 35 Stabilization pond layout details
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Top of bank Overflow weir

Water line

Inlet arrangement for a deep anaerobic lagoon
(the pipe should discharge well away

from the embankment to avoid
the development of sludge banks)

Overflow weir

Water line

Optional design
Concrete slabs

1.0O0 2.500

Plan

1.100 Section a-a

Inlet chute Tor a facultative or maturation lagoon

Fig. 36 Inlet structures for stabilization ponds
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Plan

Top of bank

200-mm pipe with 1 in 75 fall

Section a-a

Emergency concrete
overflow weir

200-mm pipe

Interpond connection with concrete overflow weir

Water line
Scum board

Top of Bank

100-mm pipe with 1 in 75 fall

Water line

Concrete slat»

Simple interpond connection suitable for small lagoons

Woie: Interpond connection, comprising a concrete overflow weir and a downstream junction chamber, would be connected to an inlet
chute similar to that shown in figure 21-2.
Sourer. Mara (1976). ©John Wiley and Sons Ltd.; used by permission.

Fig. 37 Alternative interpond connections
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Poured cement
concrete slab

Top of bank

Water line

150-mm pipe with 1 in 75 fall

s Concrete footing
Top of bank

f Scum guard
Poured cement
concrete slab

Water line

/ I 150-mm pipe with 1 in 75 fall

Concrete footing

Alternative interpond connections made from standard pipe fittings

T.\

A
Baffle wall

Plan Section a-a

Flow-measuring chamber for final effluent

n ° w — f c - Metal strip
Metal strip f*J ^ ^ Upstream water levelX

Edge of weir (section a-a)
H Crest

90° triangular weir (Q, mJ/sec = 1.38// "! Rectangular weir (Q, mJ/sec = IMBH>"

Note: Q, quantity: mJ/sec, cubic meters per second; H, heights: B, breadth.
Sources: For flow-measuring chamber. Mara (1976: ©John Wiley and sons Ltd.; used by permission) For weirs,
Okun and Ponghis (1975).

Fig. 38 Outlet structures for stabilization ponds



-44-

3, 2, ( a) CûBipftatinç: When large quantities of organic wastes
have to be decomponed, offsite composting should be implemented.
Offsite composting employs aerobic reactions to shorten the
composting period and reduce the size of composting plants. Few
such composting systems currently in operation are listed below:

(i) Chinese ground-surface aerobic composting pile: As shown
in Figure 39, the compost feed (a mixture of human or animal
manure and vegetable matter) is piled up into a heap of
approximately 2 X 2 X 0. 5 m (length X width X height). The
compost heap is pierced by perforated bamboo poles to facilitate
natural aeration and provide a kind of structural support, and no
turning of composting pile is required.

(ii) DANO system: A schematic diagram of a typical DANO
plant manufactured for solid waste composting is shown in Figure
40. Materials to be composted are fed into the DANO
biostabilizer, a cylindrical chamber tilted slightly from the
horizontal, usually about 3 to 4 m in diameter and varying from
25 to 30 m in length according to the quantity of feeding
materials.

This system was developed in Denmark which is presently
being used for solid waste composting in several countries.

(iii) Forced-air aeration composting: This method called the
Beltsvile aerated rapid composting (BARC) method is considered to
be one of the efficient composting methods which ensures
temperature in the thermophilie range and provides an
inactivation of pathogens. EPSTEIN et al. (1976) developed this
method and involves placing of a mixture of sludge and wood chips
over a base. The schematic diagrams of an aerated pile indicating
location qf the aeration pipe, and showing construction and
arrangement of aeration pipes using this method are shown in
Figures 41 and 42 respectively.

3. 2. ( b) Bio-oas production: When organic wastes are digested
anaerobically, a mixture of methane , carbon dioxide, and other
gases is given off. This gas has become known as "biogas1 and can
be produced on various scales using different technologies.

Several designs for rural bio-gas plants are available. Two
such designs are shown in Figure 43. The Chinese design is
advantageous in that it contains no moving parts, avoids the need
fq>r ft metallic gasholder , and permits the gas to be stored at a
relatively constant pressure. Figures 44 through 46 represent
few more bio-gas digesters which are in rapid use in developing
count ries.

4

)
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Fig. 39 Chinese ground surface aerobic composting pile
(McGarry and Stainforth,1978)

CirnJif
tktfoetor

B K J - i

' Aif { pun>Ptd in
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amount ntcestory ?o r f f « tOtoi
monturt conltflt lo SO %

Fig. 40 Typical DANO composting plant (after Fintoff
and Millard,1969)
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Fig. 41 Schematic diagram of an aerated pile
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42 Configuration of an aerated piles showing
construction of pile and the arrangement
of aeration pipe -the BARC system
(Shuval et. al ,1981)
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t Fig. 43 Schematic of typical biogas digesters
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INLET GAS OUTLET.
REMOVABLE MANHOLE
COVER SCALED WITH CLAY /LOOSE COVER

DISPLACEMENT TANK

OUTLET PIPE

Fig. 44 (a) Fixed-dome digester

Inlet Outlet

Fig. 44 (b) A low cost bio-gas digester
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Water PrtMurt Tank

Fig. 45 (a) Pilot-scale digester (adapted from
Polprasert et. al,1982)

Gas holder

Outlet tonk

Level
SÎ4WW

- Outlet pipe

Fig. 45 (b) Operation of a floating gas holder digester
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Fig. 46 (b) Bag digester
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II. Hater and Sanitation Related Diseases

1. Means of Disease Transmission:

Major causes of illness and death among the people in both
urban and rural areas in many developing countries are the
diseases related to water and sanitation. The health and
wellbeing of people cannot be improved without understanding
these diseases and knowing how they transmit from one person to
another. Around 30 diseases are related to water and sanitation.
Table 2 lists 21 such diseases under four sub-headings. Each of
them are briefly explained below.

1.1. Waterborne diseases: In these diseases, the
microorganisms which cause the disease are swallowed with
contaminated water. However, Guniea worms, are caused by
organisms found in human excreta, the source of contamination.

Cholera and typhoid fever are the waterborne diseases which
are most feared; when untreated, they have high death rates.
However, diarrheas and dysenteries are more important because of
the infant deaths and huge numbers of illnesses they cause. The
transmission of waterborne diseases is person to person. The
microorganism from infected people contaminate water which is
consumed by other people. Figure 47 shows a common way for the
transmission of waterborne diseases.

1.2. Hater-washed diseases: These are diseases whose
transmission results from a lack of sufficient clean water for
frequent bathing, hand washing before meals and after going to
the toilet, for washing clothes and household utensils. A common
way of transmission of water-washed disease is shown in Figure
48.

1.3. Water-contact diseases: These are diseases which
transmitted when people have contact with infected water. The
single most important water-contact disease is Schistosomiasi s
(blood fluke disease). This disease is very widespread in Asia,
Africa and South America with hundreds of millions of people at
risk of getting the disease and millions suffering from it.
Figure 49 shows how schistosomiasi s is transmitted. The life
cycle for schistosoma species has been given later in Figure 53.

1. 4. Hater-related/insect vector (carri er) di seases: These
are the diseases transmitted by insects which breed in or near
water. Transmission occurs when the insect becomes infected with
the disease organisms from biting a person or animal, and then
bites another person. The parasites are injected into the skin or
bloodstrem by the insect bite. The insects then breed in water
which is used as water supply (streams and rivers) and, in case
of mosquitoes, in water storage jars, and water tanks, or in
shaded high humidity areas near streams and lakes. A common way
of this disease transmission is presented in Figure 50.
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Category

Waterborne
(Water qual-
ley related)

Water-washed
(Water quan-
tity; and
aoceaalbll-
ity related)

Water-contact
(Body-of-
water related)

Water-related

(carriers)
(Water-site
related)

Sanitation-
related
(Pecal pol-
luted soil
related)

Table 2, Water and Sanitation-Related

Disease
Common n u u Medical naae

Cholera Cholera
Typhoid fever Typhoid
Paratyphoid fever Paratyphoid
Beclllary dysentery Shigellosls
Amebls dysentery Ameblasl*
Diarrhea Salaonellosls
Diarrhea Qiardlasls
Jaundice Hepatitis

Oulnea worm Dracuncullasla

Baelllary dysentery Shlgtllosls
Diarrhea Salmonellosls
Viral diarrhea Enterovirusea
Trachoisa Trachoma

Pink eye Conjunctivitis
Itch Scabies

Blood fluke Schistosomiasls
disease

Yellow fever Yellow fever
Malaria Halarla
Fllarlal fever FlUariasls

River blindness Onchpcerclasls

Hookworm Áncylostomlasls
Roundworm ^ Asearlas 13

Type of
Organism

Vibrio
Bacteria
Bacteria
Bacteria
ProtoEoan
Bacteria
Prototoan
Virus

Worm

Bacteria
Bacteria
Virus
Intracclluar
bacteria

Bacteria
Mite ,

Worn

Virus
Protozoa
Worm /

Worn

Worn
Worm

Diseases

Transmission

By consuming (drinking) fecally contam-
inated raw water containing an Infec-
tive dose of the vibrio, bacterium.
protozoan or virus; except Oulnea worm
where transmission 1* by swallowing
water flea Infected with worm larva
that was shed from skin blister on in-
fected human.

Anal-oral or skln-to-*skln direct con-
tact transmission resulting from poor
personal cleanliness and hygiene caused
fron lack of water for sufficient wash-
ing, bathing and cleaning-

Eggs in feces or urine hatch larvae in
water, penetrate suitable snail, mul-
tiply greatly m snail, free-swimnlr.g
larvae leave snail, penetrate skin when
person ha» contact with infected nater.

Mosquitoes, tsetse flies and black-
files, which sreed in or near water.
pick up disease organisms when they
bite Infected person; organisms grow
In vectors and are Inoculated into an-
other person when Insect bites.

Eggs or larvae become infective when

eaten from contaminated hands or veg-
etables, or larvae penetrate skin that .
cones In contact wit"i Infected soil.
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1. Impnjparty siluaieí pil
privy contaminates
water «jppiy

' i g . 47 Tranamlsslon of Waterbom» Dl»ase

2. Water a untraited

3. Disease is transmitted
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1. Wortwr «xpOMd to 2. Does not wash hands X DiMfttt « trmsm<tt*d
contamina**! soil fetter* ««ting

F i g . 43Tr«n«miM<on of Water-Washed D I « * « M S

SCHISTOSOMIASIS

1. tnfactad paraon urinates
or dsfscatas in or near
w««r. Parasita aggs in
excreta hatch in water

2. Parasites enter snail
(vector) and develop to
infectious stage

F i g . 49 Transmission of Water-Based/Water-Conuct Dlsaases

3. Parasitas •xpdlad by snail
swim fr«ly and panotrata
human skin

J
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1.5. Sanitation-related disoases: These are diseases which
are transmitted by people lacking both sanitary facilities for
waste disposal and knowledge of the need to dispose of wastes in
a sanitary manner. The infective stage of the worm which causes
these diseases develops in fecally contaminated soil. Hookworms
and roundworms are the most common diseases of this category.
Transmission of these diseases are shown in Figure 51.

Figures 52 through 58 represent few examples of the life
cycles of diseases. Details on them can be found in any standard
text book dealing with environmental health and sanitation.
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1. Fly bites infected person,
ingesting parasites with blood

2. Parasitas transform in

fly body to infecttoo* stage

3. Infected fly bites Wealthy

person, transmitting parasites

F i g . 5 0 Transmission of Water-Related (Insect Carried) Diseases,

. Hookworm is transmitted through the feet of people walking barefoot in
contaminated soil

b. Roundworm is often transmitted by contaminated (lies which land on food

r i g . 5 1 Transmission of Sanitation-Related Diseases <
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Figure D3 The life cycle
of DrQcuncidus
medinensis (the Guinea
worm)
Sourer: From Jeffrey and
Leach (1975).
Reproduced by
permission of Churchill
Livingstone

Fig- 52 (a) The life cycle of Dracunculus medinensis
(the Guinea worm, Waterborne disease)

MAN INFECTED BY EATING UNCOOKED FLESH

Also other herbivores Motilp segments rupture

and releas* *gfjs

Fig. 52 (b) The life cycle of Taenia saginata (the
beef-tapeworm, Water-related disease)
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Fig- 54 Clonocchis sinensis (Chinese liver
fluke, water-contact disease)
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Fig. 55 ?ascio:iopsis buski (Giant intestinal
' fluke, Water-contact disease)
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¡Vuchererîa bancrofti
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ifj. 56 tfuchereria bancrofti (Filariasis,
Water-related disease)
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Fig. 57 Hookworm (Sanitation-related disease)
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Fig. 58 Roundworm (Sanitation-related disease)
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2. Methods for Improving Bnvjronmental Health Conditions:

The improvement of people's health may require that certain
changes be made in the environment. Local conditions that
contribute to the transmission of diseases must be eliminated.
Hater supplies have to be protected, treated, or improved. Proper
methods for sanitary disposal of wastes must be used, insect
vectors must be controlled, destroyed, and educational programs
must be instituted to make people aware of the need to prevent
disease .and teach them how to do so. A brief description of the
prevention of water and sanitation-related diseases under
different headings are presented as follows:

2.1. Haterborne diseases: Several methods of preventing
water contamination and improving the quality of water can be
used. The most important measures for improving local
environmental conditions are:

- Insure that people have and use sanitary latrines.

- Educate people so that they know where to locate latrines
and how to construct them properly. All latrines should be
located at least 15 meter away from the nearest source of
water. Figure 59 is an example for proper the location of
an aquaprivy.

- Ensure that the pit does not puncture an aquifer. Latrine
seepage that enters an aquifer can contaminate ground
water (wells) and spring water supplies.

- Protect all wells and springs against contamination from
surface run off (Figure 60). Cap springs with spring
boxes. Finish wells with a well head such that no surface
water should seep into wells.

- For surface sources, especially those providing large
quantities of water, set up an intake that allows for
filtration and other purifying mechanisms like
chlorination of water before it enters storage.

- Dispose garbage and animal manure properly in a sanitary
manner for controlling the breeding of flies, and cover
latrine openings tightly when not in use (Figure 61).

2.2. Hater-washed diseases: These diseases can be prevented
by the provision of sufficient quantities of safe water. People
should be educated and motivated to practice personal and family
hygiene. Hashing of the hands and bathing in clean water are most
important. Clothes and dishes should be washed to ensure that
skin diseases are not passed to people by contaminated hands,
clothing or utensils.
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2. 3. Water-contact diseases: These diseases can be
controlled by both chemical and environmental means. The major
disease in this category is Schistosomiasia. This disease can be
controlled by breaking the chain of transmission at several
points. The following measures are advantageous in controlling
the spread of schistosomiasis:

- Encourage people to build sanitary facilities and use them
properly, and the eggs in the feces and urine will die,
preventing the infection of the snails if they do not
reach the water body. Use snails killing chemicals in the
drainage ditches regularly, and when canals are built,
line them with a smooth surface like concrete and provide
for a rapid flow rate.

- Maintain the banks of all irrigation canals and bodies of
water such that vegetation and weeds are kept away from
the canal and also from beach areas (Figure 62).

2. 4. Hater-related insect vectors: Disease control under
this heading involves the elimination of mosquitoes and flies
through environmental or chemical means. Although the
applications of both aerial and ground spraying of insecticides
have proved very effective, there are questions about
environmental effects of using them on a large scale for a long
time. Chemical control is sure to continue, but other methods
should also be incorporated into the vector control plan.

Figure 63 shows some individual preventive measures. These
measures coupled with spraying and a program of health,
education will greatly help reduce the growth of the mosquito and
other insect populations.

2. 5. Sanitation-related diseases: Diseases in this category,
such as the hookworm and roundworm are the direct results of
fecal pollution of the soil which is due to the lack of proper
knowledge on good hygiene practices. These diseases can be
controlled by relatively simple environmental improvements, such
as:

- Education to the people on the need to use latrines and
training to the children to use them at the very early
age.

- Proper coverage of latrines to cover insects from breeding
in the latrine pits.

- Provision for sufficient quantities of water to ensure
that people can practice personal hygiene,

- Control of flieiï by proper means.

- Restriction of animals from entering the houses and from
coming i nt»o close contact with young children (feces from
animals can also spread disease).
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