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introduction and Abstract

In our last Newsletter No. 27 of August 1993, the
project was in its identification phase and faecal
sludge treatment initiatives were briefly outlined
for some African cities. Furthermore, selected
treatment options, among them sedimentation/
thickening followed by waste stabilisation ponds
and co-composting, were ciied as potential treat-
ment methods in developing countries, The project
has now reached its field research phase.

photo 1: An urban low-income neighhourhood -~
what are the feasible options to treat the faecal
sludges from the recently buift VIP fatrines?
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Photo 2;
The S0S Project: Faecal sludge
H H settﬁng/
0b§ep'§uves, Approach and thickening
Actlvities to Date tank with
’ samp!ing
e e bridge at the
Objectives Achimota FSTP,

Accra (Ghana).

The SOS Project aims at the following:

+ To publish a guideline document for devel-
oping countries on faecal sludge treatment,
including sludge and plant monitoring meth-
ods. It will be based on applied field research
to be conducted in developing countries, on
treatment practices elsewhere and on the re-
view of pertinent literature.

= To enhance the expertise of professionais
and institutions in developing countries in the
field of human waste disposal monitoring and
control.

e To optimise design and operation of those
FSTP that have been jointly investigated by
EAWAG/SANDEC and the collaborating insti-
tutions.

Approach

The project is divided into three phases, each
phase yielding the following specific outputs:

Qverview of Activities to Date

The following main tasks were carred out in
Phase I

= A literature review of potentially viable treat-
ment processes and technologies.

e Identification visits to several countries in
Africa and Asia and subsequent identification
of a possible field research collaboration with
local institutions on specific treatment options
in initially three countries/sites (Ghana, Indo-
nesia, China).

As part of Phase II, which started in October
1993, two field research projects were so far
carried out and completed in Accra, Ghana. Field
research projects in Jakarta, Indonesia, and in
Wuhan, China, are in preparation. The following
chapters 4, 3 and 6 describe the specific treatment
options under investigation and the state of
progress of the field research activities,

Challenges of Faecal Sludge
Disposal and Use

3.1
Urban Excreta
Disposal

University students of a
large African city with 2
million inhabitants have
assessed the sanitary .
situation in the densely
populated centre of their
city. Their account is
citect here in full: “In M.
(the particular urban dis-
trict), there is no clear
demarcation line be-
tween the commercial
and residential areas. At
the back of these
crowded commercial
areas one can find densely packed residential
areas with very few facilities for excreta, sullage,
stormwater and solid waste disposal. These areas
are of low income, with shared or public water
supplies and with either unhealthy pit latrines or
no form of sanitation. Many of the pit latrines are
overflowing, filthy and dangerous. The latrines
are often sited adjacent to shared kitchens, and it
is common for the pit farrines to overflow into
these kitchens or into peopie’s houses. Most of the
latrines in the study area are located away from
access roads suitable for vacuum trucks. So, when
these latrines are full, there comes a desludging
problem. Sometimes, suction hoses are directed
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Fig. 1 Excreta Disposal Practice in Urban
Areas of Developing Countries
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to the pits crossing living-dining areas or bed-
rooms. In addition to the access problems, there
are problems related to the care with which the
sludge can be lifted into the vacuum truck. Since
the sludge is of high viscosity it is difficuit to move.
The sludge from pit fatrines is collected, hauled by
vacuum trucks and dumped at the treatment plant
(sedimentation tanks and stabilisation ponds).
This sludge treatment plant as it was designed
does not function and was abandoned. Vacuum
trucks presently dump the sludge into the river.”

In developing and in newly industrialising coun-
tries, the excreta of most of the urban dwellers is
not disposed of by water-flush toilets and public
sewerage systems but through on-site sanitation
systems such as latrines, aqua privies and septic
tanks. It is collected from there and hauled to
disposal points as faecal sludges (Fig. 1). Installa-
tion of sewered excreta disposal throughout the
city is unfeasible for economic and water re-
SOUICES reasons.

The situation, as described above for an African
city, is typical of many urban areas. The sludges,
which are collected and hauled by emptying
vehicles, are often dumped at the shortest possible
distance; i.e., into open drains, on unused land or
refuse landfiils, into rivers, estuaries, or the sea.
This poses serious health risks and causes envi-
ronmental damage to urban and periurban areas.

With the implementation of new latrine pro-
grammes in the rapidly expanding urban areas,
this problem is becoming more acute every year.
Due to a lack of simple and low-cost treatment
options, authorities and enterprises are often not
in a position to tackle the problem. The introduc-
tion of appropriate faecal studge disposal and
treatment methods are therefore urgently needed.

This situation is not everywhere as dramatic as
describred above. The Chinese traditional excreta
disposal practice consists for example in collect-
ing the excreta from individual houses and public
toilets by buckets and vacuum tankers. The faecal
sludges are then hauled to sludge storage and
transfer tanks from where they are transported to
nearby farms and fish ponds. The faecal sludge
management system is well organised, and the
faecal resource has established a strong economic
link between the urban dwellers and the farmers.
However, most of the approximately 30 million
tons of studges reportedly collected in Chinese
cities every year are used mainly untreated. Con-
cern about the potential health impact has led
Chinese authorities and research institutions to
embark on treatment studies (Ministry of Con-
struction, P.R. China 1993). In some other coun-
tries and cities, the faecal sludges are added either
to the city's sewers or 1o existing sewage treatment
plants.

In Japan, intensive agricultural use of faecal
sludges from toilet vaults was also common
practice over many centuries. Rapid economic
development and urbanisation after World War H
have fed to an increase in chemical fertiliser use
and a concormnitant decline in FS utilisation. Paral-
lel to this, considerable efforts have been made to
treat and improve the faecal sludge technology.
By 1992, roughly 80 % of the faecal sludges
collected from 71 million inhabitants (total popu-
lation = 124 million), linked to either non-flush
vault systems or to individual septic tanks, were
treated in so-called nightsoil treatment plants.
Most of these plants consist nowadays of inte-

Photo 3: Sludge removal by front-end
loader from a batch-operated settling/
thickening tank. Achimota FSTP, Accra
{Ghana).
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grated activated sludge/denitrification treatment
to meet stringent environmental standarcds (INTEP

1994).

Table 1 lists FS disposal/treatment situations in a
few selected countries and urban areas.

3.2 Faecal Sludge Quantities and
Characteristics

Daily per capita FS production or, rather, daily
volumes of FS collected and discharged per
person served, are essential data for planning and
design of improved FS treatment and disposal
systerns. Compared to the daily per capita sewage
production, FS quantities, as collected and dis-
charged in a plant or elsewhere, are dependent
on a4 multitude of factors and thus difficult to
estimate. Moreover, much of the generated and
disposed of faecal sludge remains unaccounted
for since only some urban sectors are generally
served by emptying and collection vehicles,

The coltected or collectable daily per capita 8
guantities are dependent on the following fac-
tors:

e Latrine or septic tank emptying practice (fre-
quency, ease and depth of emptying, water
quantities used for dilution during emptying),

e Groundwater level: high levels during the
rainy season may for example limit the infiltra-
tion capacity of soakaways and call for more
frequent tank emptying.

»  Capacity of soakaways (clogging leads to back
up problems).

e Origin of FS: septic tanks, latrines, public toilet
vaults.

It is not surprising that the per capita quantities,
as reported in the literature, vary widely. Figures
for collected septage (= faecai sludge stored in
septic tanks) can be as low as 0.3 litres/cap-day
and as high as 13 l/cap-day. Most of the reported
values vary between 0.5 and 1 Vecap-day.

Similar to the figures for collected per capita
quantities, FS characteristics vary greatly too,
and are mainly dependent on the following
factors:

» Qrigin/type of FS: the concentration of spe-
cific constituents and the “freshness” of the
material; i.e., actuat degree of organic stability
prior to collection, vary according to the FS
origin (septic tanks, pit latrines, public toilet
vaults),

¢ Extent of stormwater or groundwater infiltra-
tion into latrine or septic tank vaults.

» Emptying frequency.

Table 2 lists septage and FS characteristics from
unsewered public toilets and pit latrines. In 1994,
the Water Resources Research Institute in Accra,

Cotonou (Benin)

excess sludge}

followed by
ponds, composting
of separated solids
with sawdust

Ponds

= Dar es Salaam Sea disposal through

(unsewered parts
of urban areas)

aquacultural use

(Tanzania) wastewater outfalls | 777
*  Manila Mostly unaccounted
(Philippines) for, discharge into | -
drains + outfalls
e Jakarta Storm drains and Extended acration
(Indonesia} canals, mostly followed by
unaccounted for ponds,drying beds
for separated
sjudge
« China Agriculturalor | _____

Na, 1 - May 1295
Table 1 Examples of Faecal Sludge Disposal/Treatment
Practices
City/Count . bispoal / Use Separate Combined
ity/Country without Treatment Treatment Treatment
Gaboroneand | _____. | .. Co-treatment
Lobatse with wastewater
{Botswana} in WSP
Maseru (Lesotho) | Trenching ground Drying lagoons | ---m-
South Africa Mosily co-treat-
""""" ment in activated
sludge treatment
plants
Grahamstown | Co-composting
{South Afriecy | 7T with municipal
refuse
Kumasi (Ghana) | Discharge into {being planged) | --—-
streams '
Accra (Ghana) Sea disposal (for Settling/thickening

Co-treatment
with wastewater
in WSP

Minor quantities:
co-treatment

with wastewater
in WSP

Ghang, and SANDEC have conducted numerous
analyses of untreated septage and pubtic toitet
sludges as part of their joint field research on FS
treatment. The results obtained are also included
in Table 2,

Although routinely used in wastewater analysis
and in the design of waste stabilisation ponds, it
is difficult to accurately determine BOD in faecal
studges. Firstly, BOD bottles should be shaken
continuously over the entire five-day testing pe-
riod. Yet, laboratories in developing countries are
rarely equipped with shaking equipment. Sec-
ondly, FS samples should be seeded with acrobic
bacteria capable of breaking down organic matter
from human excreta. Without the presence of
such bacteria, samples will take a certain time to
develop an aerobic biomass that will lead to an
oxygen demand. BOD values are consequently
too low. Most laboratories are neither equipped
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Table 2  Characteristics of Faecal Sludges from On-Site
Sanitation Systems
BOD3 COoD (TS TVYS TKN | Eggs Country | Reference
(mg/ly | (mgh %) H(%ofTs)| (mgl) | (o)
Septage: .
3,100- { 16,000- | 1.1-3.9 410- u.s. EPA (1980)
5,900 60,600 820
7,000 15,000 4 60 70 U.s. EPA (1984)
{design}
2-4 Asia Pescod (1971)
680 8,100 Ghana Accra Waste
Management
Dept. (1992}
1,600 5,750 Jardan Al Satem
(1985)
24,400 4.7 544 Jakarta
(Ntoty Sewcrage +
Sanitation
Project {1982)
23,000 1.4 920 Thailand | Edwards el al.
(11,000- . (280- {Bangkok) | (1987)
51,000% (0-5-2.9) 1500)
3,000- 117,000~ | 22,5 60-65 { 6,000- 3. Korea | Yao (1978)
6,060 |23,000 6,500
3,000- | 8,000- 2-3 60 5,000- { 40-100 {Japan Yao (1978)
5060 |15,000 6,000
630 8,500 55:0.7 1 % V5SS 4,300 { Accra, WRRI/SANDEC
(360- (820“ (g,?;‘?- 70 (2{)0_ Ghana (1994)
L300 {sz0000] 39 | eTys: 13,000)
T8: 1.4 63
(0.3-
4 )

Sludges from laérines (L) and unsewered public toilets (PT):
15,000 {26,000 F 1.2-3 5,000- | 18,000 - [ China Shiru +Bo
18,000 | 33,000 6,000 | 360,000 | (PT) (1990)

30,000 | 50,000 1.2 450 54,800 | China Shiru + Bo
(Niot (Jangxi) | (1990)
{PT)
2,800 - Shanghai | Edwards (1992)
4,750 {PT)
15-54 Tanzania | Hawkins {1981}
€L
1,000 | Guatemata{ CEMAT (1992)
{stored) | (L)
7,650 64,000 83 64 4,200 Ethiopia { Dyce (1993),
(L) perS. COMITL
8,800 47,600 | SS: 6.4 | % VSS: 29,000 | Accra, WRRIYSANDEC
(3,800- |(10400-| (2-19) | 38 (3,600- |Chana | (1994)
15,0000 | 7,000) % VTS: 62,000y |FT)
62

TN Totat Kjehldah nitrogen TV8 - Total volatite solids

BOD - Biochemical oxygen demand 58 - Suspended solids

COD - Chemical oxygen demand V85 - Volatile suspended sofids

TS Total sotids

nor have they acquired the analytical routine to
develop, maintain and use seed cultures from
aerobic bacteria (e.g. from settted sewage). Re-
ported BOD data may therefore not be taken at
their face value,

Faecal sludges in developing countries are likely
to contain high loads of helminth eggs (mostly
nematodes such as Ascaris) as seen in Table 2,
Where helminthic diseases are endemic, eggs
constitute the best hygienic indicator for un-
treated sludges as well as for sludges and compost
produced in the treatment process. Analytical
rechniques for helminth egg counts and viability
analysis are being applied only in a few laborato-
riesto date. Laboratories equipped and capable of
routinely performing egg analyses are often found
in the health sector. Waste control laboratories
should therefore use those services rather than
purchase their own equipment.

Shidges from latrines and unsewered public toi-
lets are more concentrated than septage as no
flushing water is normally used. Inn Accra, Ghana,
where septage and public toilet sludges are
collected separately, septage exhibits higher or-
ganic matter contents than public toilet sludges
(expressed as VS5) (see Table 2). The reasons for
this surprising resuilt may be explained by the fact
that public toilet sludges are more concentrated,
do not contain soap nor detergents and are
therefore subject to much faster anaerobic diges-
tion than the faecal mass in septic tanks.

3.3 R+D Needs and Variables for
Minimum Evaluation of
Faecal Sludges and Faecal
Sludge Treatment Plants

Although weil-defined and standardised methods
are available for wastewater characterisation, no
standardised methads have yet been developed
for faecal sludges nor guidelines for minimum
characterisation; i.e., for a limited set of variables
describing FS in a meaningful way. It is thus
necessary to define selected variables and related
methods of analysis suitable for laboratories in

* developing countries of usually limited capaci-

ties. This tool will enable practitioners to reliably
assess the faecal studge characteristics relevant to
FS treatment scheme design, performance moni-
toring and process/operation control. The choice
of variables must also allow a reasonable judge-
ment about the usabitity or dischargeability into
a receiving water body of the partially or fully
treated sludges.

In most developing countries, analytical tech-
niques for assessing waste characteristics are not
routinely applied yet, and the respective routines
still remain to be developed. Sample prepara-
tion and difution methods for faecal studges are
different from those used for wastewaters, For
reliable analysis, thorough mixing and homog-
enisation are of utmost importance. Initial vol-
umes of original samples used for dilution may
have to be larger than those for wastewaier
analysis, particularly if the sample cannot be
homogenised prior to analysis.

Untreated faecal sludges show great variability as
to the ease with which solids-Hquid separation
may occur, as well as to the rate of thickening.
Difficulties with solids-liquid separation in septage
were reported from the U.S, (Jewell 1975, U.S.
EPA 1984). Septage (initial 5S average = 7,000 mg/
1) collected in Accra, Ghana, settles rather well
within half an hour, whereas pubilic toilet sludge
(initial SS average = 65,000 mg/D still does not
show any separation after six hours (WRRI/
SANDEC 1994). Such sludges are likely to un-
dergo thickening without prior sedimentation.
Development of standard methods 1o character-
ise the potential of faecal sludges for solids-liquid
separation and thickening are therefore required.
Similarly, simple and reliable methods to define
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‘Mindimnum Set of Variables for FS
and FSTP Assessment

separation. Another way of classify-
ing FS treatment options is to distin-

Table 3

Variables to be assessed by
laboratory analyses
{Raw sludge and performance
assessment)

V¥ariables to be assessed by
field measurements or
observations
(Process and operational control)

* TS (total solids = residuc after
evaporation at 103 °C)

+ Volume of settleable and
floatable solids

* Dewalerability and filterability
test

= - COD (chemnical oxygen demand)

* BOD (biochemical oxygen
demand)

« Helminth eggs

« Faccal coliforms

* Volume of settleable and

fioatable solids

pH

DO - dissolved oxygen

Colour check for algal growth

Microscopic examination {e.g.

for pond organisms)

« Temperature (in thermophilic
comyposting)

* Settied sludge and scum
thickness

guish between separate treatment of
faecal sludges and co-treatment. In
co-treatment options, septage or la-
trine siudges are treated jointly with
municipal wastewater, wastewater
treatment plant sludge, household/
municipal solid wastes or with or-
ganic residues such as sawdust or
wood chips. Fig. 2 lists theoretical
faecal sludge treatment options. The
listing is classified according to op-
tions with and without initial solids-
liquid separation.

« Biochemical stability of sludge

472 Priority Options

dewaterability/filterability of untreated and
treated faecal siudges should be developed.

Based on the experience gained to date in faecal
sludge treatment and assessment as well as in
faecal sludge treatment plants, standardised sam-
pling, sample preparation and analytical methods
are to be compiled and/or developed for the
variables indicated in Table 3.

Raw faecal sludges can be characterised with this
minimum set of variables. It also allows the
design and monitoring of treatment schemes com-
prising solids-liquid separation {e.g. in settling/
thickening tanks) followed by liquid treatment
{e.g. in a series of ponds). Variables for rapid field
assessmient of raw sludge quality and for treatment
plant control are also indicated:- Additional vari-

" ables may have to be considered if other types of
treatment and/or more in-depth monitoring pro-
grammes are considered,

Equipment of laboratories, training of personnel

In developing and in newly industrialising coun-
tries, human waste treatment methods must

comply with the pertinent socio-economic situ-

ations which generally differ from the conditions
prevailing in industrialised countries. The meth-
ods chosen should be relatively low-cost; i.e.,
low in capital and in operating costs. The sys-
tems applied must be compatible with the avail-
able expertise at different professionai levels of
the country concerned, These criteria call for
systems requiring little mechanical installations
and hardly orno energy input. Treatment schemes
are therefore more land demanding.

On account of the relative simplicity of the
processes and technologies used and on their
favourable cost effectiveness, options A - E listed
hereafter are considered particutarly suitable for
developing and newly industrialising countries.
A Drying (evaporation) lagoons.

B Dewatering and drying in sludge drying beds.
€ Solids/liquid separation and thickening in

and monitoring of sludges and plants must be FAECAL
carefully evaluated. Sampling and analysis can SLUDGE
only be justified if the respective authorities and
laboratories are able to maintain the analytical /
routine and secure regular equipment mainte- gHEATMENTUPON mHE"‘g“‘ENT QF Fs:
nance and repairs. Servicing of equipment must S:';f:};;g;”,“ ON-SEPARATED -
also be available nearby. Monitoring should only ' "
. . e i
be conducted if the results obtained can be criti- dewalering!  §—
. . —H il
cally interpreted and the necessary corrective ac- ) ﬂ;{,’;‘ﬁ,w
tions taken R - drying beds)
< . — R digested
. shidge
Dewalering/ Anaercbic L
. ﬂ;&’g‘zﬁms o R digestion
drying beds)
# wsp .
L, Go-cormposting
with refuse
Processes and Technologies Anaerable
digastion i et
Co-treatmant
Go-treatment ™ w'mt .
4.1 Theoretical Options - wastowatar T
Co-compostin Direat land
. . = with refupse 9 | A application
When classifying faecal sludge treatment options,
one basic distinction can be made between op-

tions with and options without solids-liquid Fig. 2 Theoretical Options for Treating Faecal Siudges
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settling/thickening tanks (as pre-treatment step).
D Stabilisation pond (lagoon) treatment (with or
without prior solids-liquid separation).
E Co-composting of faecal sludges with house-
hold/municipal refuse.

SANDEC has started to conduct field research on
the options B, C, D, and E. Option A (drying
lagoons) might be added later if a suitable treat-
ment/monitoring site can be found, Where land is
not available within - useful haulage distances,
systems requiring more capital and energy but less
land might constitute feasible options. In Jakarta,
Indonesia, there are two FSTP which are com-
posed of extended aeration followed by polishing
ponds. This option might be suitable for metro-
politan areas where land is scarce. We have
therefore adopted extended aeration of septage
as an additional option G within our programme
of investigation, ‘

43 Process Discussion and

Research Issues

The optilons B, C, D, E, and G are discussed
below along with the rationales for their prefer-
ence and with the main research issues. Figures 3-
7 are functional sketches of the selected options.

drained liquid, to treatment

Fig. 3 Drying BEdS

DRYING BEDS are or have been widely used
throughout Europe and North America for sludge
dewatering and drying in wastewater treatment
plants. Drying beds and drying lagoons are rela-
tively land-intensive. Owing to the expansion of
the cities and the increased level of wastewater
reatment, sludge quantities have also increased.
In many areas, the use of drying beds and drying
lagoons therefore had to be abandoned and
replaced by dewatering processes such as cen-
trifugation or filter pressing.

Pescod (1971) reports about treating septage in
drying beds that run parallel to drying lagoon
experiments at AI'T, Bangkok. At =30 cm raw
septage loading depths, the drying periods neces-
sary to increase the solids content from =6.5 % to
25 % amounted to 7 - 27 days. Loading rates of 67
- 475 kg dry solids/m?2-yr were-applied during
these experiments. This corresponds to a land
requirement of approx. 0.3 - 0.04 m2 per inhahb-
itant (based on a per capita dry solids contribu-
tion of 60 g per day as delivered to the treatment
plant). In contrast, drying lagoons have to be
toaded at lower rates as drying occurs by evapo-
ration only. According to Pescod, minimum load-
ing rates of 50 kg dry solids/mZ-yr (=0.4 m2/cap)
may be used for drying lagoons in wet tropical
climates if the supernatant is decanted.

Dewaterability rates for non-stabilised or non-
conditioned faecal sludges are often low. Inves-
tigations should therefore be conducted in order
to determine the cost benefit ratio of stabilisation
(e.g. by anaerobic digestion or extended aera-
tion) prior o treatment in drying beds. Stabilised
sludges have a better dewaterability than non-
stabilised sludges.

SOLIDS/LIQUID SEPARATION and thickening
in separate treatment units might be a necessary
treatment step in a scheme comprising FS stabili-
sation ponds. Removal of settied sludge and scum
in “manageabie” portions from settling tanks at a
weekly rate or every few weeks may be opera-
tionally more advantageous than removing much
larger volumes of settled studge from primary

Option C: Solids/Liquid Separation and

Option B: Dewatering and Drying in Sludge
Thickening in Settling-Thickening Units

Drying Beds

Main reseqich issues
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Fig. 4 Settling/Thickening

Supernatant 1o
further treatment
Settled + floating
sludge solids

to dewatezing/drying
or to co-composting

b,

Scraper

~—

Fig. 5 Stabilisation Ponds

Presettled FS

ponds once every few years. Large sludge vol-
umes retained in ponds require excessively long
periods to dry to consistencies amenable to
removal by front-end loaders. If retained sludge
is to be pumped in large quantities, intermediate
storage basins would be required for operational
flexibility prior to further treatment by for exam-
ple drying beds or co-composting.

Since 1989, parailel units of batch-operated set-
tling/thickening tanks have been used in two
septage treatment plants in Accra, Ghana. Results
of field research conducted jointly with the Ghana
Water Resources Research Institute are summa-
rised in chapter. 5.

Option D: Stabilisation Pond (Lagoon)
Treatmeni (With or Without Prior
Solids-Liquid Separation)

designed to co-treat FS. The admixture of faecal
sludges to WSP or to sewers discharging into a
WSP scheme causes a shift in nutrient ratios of the
raw wastes entering the ponds. This may be more
advantageous in the sense that carbon, nitrogen
and phosphorus become available to the bacteria
breaking down the waste in ratios more sirnilar to
the C/N/P mix of the cells of these organisms than
if the schemes were (o treat wastewaters alone,
This may lead to a more efficient removal of C, N
and P from the waste stream. However, WSP
schemes are rarely designed to treat FS. Diluting
the more concentrated FS makes little sense from
a treatment viewpoint as the scheme is likely to
become overloaded and the handling of exces-
sive sludge volumes may result in sericus opera-
tional problems.

WSPs have been adopted as the method of choice
for septage treatment in Indeonesia (Ministry of
Public Works, Gov. of Indonesia 1992). Over ten

plants have been constructed in

recent years. Imhoff tanks have
been installed in some plants as
pre-treatment for solids and partial

organic removal. In Jakarta, two
plants use extended aeration to
oxidise a considerable fraction of
the organic load prior to pond
treatment. Lagoon treatment of
septage (without the wastewater
admixture) is widely used in the
United States, particularly so in the
north-eastern states! (U.S. EPA

WASTE STABILISATION PONDS (WSP) are a
low-cost, potentially sustainable technology which
finds increasing use worldwide for liquid and
semi-liquid waste treatment. Substantial knowl-
edge has been accumulated in recent decades as
to the design and operation of WSP schemes
treating wastewater (Mc Garry and Pescod 1978;
* Mara and Pearson 1986 and 1992).

Waste stabilisation ponds for municipal wastewa-
ter treatment are often used or misused to also
treat faecal sludges. In most cases, WSP are not

1984). There, pond schemes usu-
ally consist of a primary pond for
solids separation and partial degradation, fol-
lowed by a secondary percolation/infiltration
pond. A few pond systems also operate in Ghana
(three in operation, several being planned, ali
using settling/thickening as pre-treatment step for
solids removal) and one recently constructed in
the city of Cotonou, Benin. Ponds are also used in
several places in Argentina.

1 25% of the U.S. Population are served by
septic tanks rather than by sewerage schemes.
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Even after removal of settleable solids in settling/
thickening units, BOD and COD concentrations
in the liquid fraction of faecal sludges are still
several times higher than in normal wastewater. A
series of several anaerobic ponds are thus re-
quired to treat such liquids before low enough
concentrations are attained for facultative pond
conditions. McGarry and Pescod (1970) recom-
mend 1o use the highest possible loading on
successive anacrobic ponds. Such a design would
lead 1o successively smaller pond surfaces and,
thus, to a minimisation of the overall pond surface
area necessary to atfain a given BOD or COD
removal. This recommendation is based on the
treatment of tapioca starch waste in a series of
anaerobic ponds, each loaded with up to 600 g
BOD/m3-day. When the organic load exceeds a
certain limit, pH decrease and cdour formation
become the critical variables in anaerobic pond
design and operation. A special problem in ponds
treating FS is the inhibition of algal growth due to
high ammonia (NHB) concentrations. The kinetics
of BOD, COD, ammonium and faecal coliform
removal occurring in FS ponds need therefore to
be further investigated and appropriate loading
and operation criteria developed.

Option E: Thermophilic Co-Composting of
Faecal Sludges with Houschold/Municipal
Refuse

Fig. 6

Co-Composting

Dewatering/ J,

Dewatering/ J’ <

Raw FS

P
drying lagoon ~ZRRIRRERE

drying bed  [fasususaiaresy

o
Dewatered l
sludge Refuse
g
l 55 - 60°C

Dewaiered
sludge

CO-COMPOSTING usually designates combined
composting of faecal or wastewater trearment
sludges with household or municipal composta-
ble refuse. In a wider sense, it may also comprise
the joint composting of sludges with other organic
material to achieve optimum C:N ratios in the
mixture to be composted. Sawdust, wood chips,
bark, slaughterhouse or food processing waste
are suitable materials, The reason for adding the
materials to the sludge is to provide a bulky
structure to the mixture to be composted and to
create a C:N ratio favourable for optimum com-
posting; i.e., between 20-30. The C:N ratios in
faecal sludges range from about 2 in fresh faeces
to around 6-15 in septage. Co-composting of FS is
being practisedt in China, India, Malaya, Singa-
pore, and Nigeria over several decades. The
mixing ratios are in the order of 1:5 - 1:10
(sludge : added material) on a wet weight basis
if fresh or thickened sludge is used. With dewa-
tered sludge or wood chips, the ratic can be
increased to as much as 1:1.5 (Scott 1952; Shuval
et al. 1981; Obeng and Wright 1987).

A co-composting unit has been recently installed
at Rini near Grahamstown, South Africa (La Trobe
and Ross 1992). The refuse and bucket latrine
sludge from a community of 100,000 are co-
composted in a simple mechanised plant using
forced-aerated, static windrows. The nightsoil is
pre-setiled and then windrowed along with the
refuse. On a volume basis, the mixing ratio is
about 1:10. The process is controlled by the
temperatures developing within the piles. When
55 °C are reached, the windrows are left o react
for 3 weeks. After composting, the mixture is
screened and the rejects landfilled. The compost
is used by the Grahamstown Garden Department
after additional maruring, The Council for Scien-
tific and Industrial Research of South Africa is
presently conducting pilot investigations on the
co-composting of latrine sludges with municipal
solid waste.

SANDEC is collaborating with municipal authori-
ties and a research institution in the Hubei Prov-
ince, China, on the establishment and monitoring
of pilot plants for the co-composting of faecal
sludges and municipal solid waste.

Option G: Extended Aeration of Septage

b

& Lo
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EXTENDED AERATION of septage is an option
requiring substantial capital investment and con-
siderable energy for operation, Yet, these disad-
vantages may be offset by reduced land require-
ments, thus allowing a plant to be instalted closer
to urban centres than more land-intensive sys-
tems. In order to achieve substantial BOD and
COD removal, septage is aerated in an initial
treatment step and then subjected to polishing
treatment (e.g, WSP). Aeration will also lead to
enhanced solids-liquid separation. The sludge
formed after separation is then more easily dewa-
tered than non-aecrated septage. SANDEC and
some Indonesian institutions are preparing a joint
field research project to evaluate and optimise one
of the two treatment piants in Jakarta which uses
extended aeration of septage.

Current and Planned Field
Research

Table 4 lists SANDEC’s already completed field
research projects, its ongoing schemes and those
currently under preparation.

Results of Field éesearch
Conducted in Accra, Ghana

The Achimota FSTP in Accra, Ghana, comprises
two parallel batch-operated settling/thickening
tanks (current minimurm retention time = 3 hours)
followed by four waste stabilisation ponds (over-
all retention time = approx. 30 days). One of the
short sides of each settling unit is fittled with a
ramp to enable access and emptying by front-end
loaders. The separated settling and floating solids,
which are thickened in the settling/thickening
tanks, are windrow-composted with sawdust, an
abundant waste product from timber mills. Since
this material serves as carbon source and liquid
absorbent, it improves the C:N ratio and the
natural aeration of the windrows. Where sawdust
is not avaitable as a complementary carbon source
and bulking agent, the use of household or
municipal refuse might be considered. The super-
natant liquid is further treated in a series of waste
stabilisation ponds. Monitoring and evaluation
studies of the overall plant and the settling/
thickening tanks were completed between 1993
and 1994 (WRRI and SANDEC, unpublished field
reports). The results obtained to date indicate that
the four ponds, run in series, operate as anaerobic
ponds without algal growth. The absence of algae

[

SETTLING / THICKENING
(optional}
5

EXTENDED AERATION i
Siudge to dewatering /drying
Fig. 7
Ay
o Extended
wep Y Aeration +
Sludge fo dewatering /drying Pond Treat-
ment
Table 4 SANDEC’s Field Research Activities
on Faecal Sludge Treatment
No. | City Waste Treatment Main research| Investigations
(country) | treated option partners
Completed and ongoing investigations
1 | Accra Septage and | Scttling/ Water e 1993-94: overall plant
{Ghana) public teilet | thickening + Resources performance
sludge anaerobic Research
ponds, Institute »  1994: detaited
composting of | Accra/Ghana assessment of the
separated solids settling/thickening
with sawdust units
(full-scale
plant)
2 | Wuhan Septage and | Co-composting | Wuhan Urban = Pilot plant design and
(China) buckst of faecal sludge [Construction menitoring for process
latrine + domestic/ Institute optimisation,
sludge municipal ‘Wathan, Hubei performance conirol
refuse Province and optimum physical
(pilot plant} handling of sludge
and refuse
Planned investigations
3 |Jakaria Septage Extended The Urban and {= Optimisation of the
(Indonesia) aeration Fnviroamental aeration process
followed by Study Office, {° Definition of sludge
ponds, Takarta quality standards
dewatering/ e Development of
drying of sludge dewaterability
separated solids criteria
in sludge drying { Research * Optimisation of the
beds Institute for settled sludge
{full-scale Human dewatering/drying
plant) Settlements, process
Bandung * Monitoring of the
overall plant
performance
4 JAccra Septage and | Settling/ » Development of FS
{Ghana) public toilet | thickening + settling/thickening
sludge anaerobic criteria
ponds,
composting of ¢ Parallel settling and

separated solids
with sawdust
{full-scate
plant}

Drying beds
(pilot plant)

thickening of
unmixed septage and
public toilet sludges

Pond treatment of
settled FS

Dewatering/drying of
raw aad settled/
thickened septage and
public toilet sludges
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is probably caused by excessive NHz concentra-
tions. Overall BOD reduction amounts to 80 %,
and the effluent BOT) in the fourth pond totals 300
mg/1. Most of the recluction has been observed to
occur in the first pond. The role of additional
ponds is to reduce the pathogen load. Faecal
coliforms are reduced from about 106 to 104 in the
four ponds, It is pot surprising that this reduction
is much lower than corresponding reductions in
facultative and maturation ponds treating
wastewater. In normal WSP, bacterial die-off is
greatly accelerated by the pH increase induced by
algal CO, uptake. Consequently, enteric bacteria
exhibit prolonged survival in ponds without algal
growth.

The hatch-operated settling tanks in Accra’s FSTP
receive sepltage containing 7 g S5/1 and public
fatrine sludge with 65 g §5/1. In the actual sludge
mixture, the SS concentration amounts o 25 g/l.
There is an 80 % SS elimination at first which
gradually decreases to 35 % within 24 days of
operation, The decrease in removal efficiency is
due to the unfavourable tank geometry and
effluent draw-off arrangements. The density of
the settled and floating sludge retained in the
settling/thickening tanks amounts to =150 g/l
after 4 weeks of operation. This fact points to a
substantiai thickening effect. The solids load
discharged into the anaerobic ponds is thus
significantly lowered. Furthermore, the solids can
thereby be recovered and used in agriculture after
having heen hygienised through thermophilic
composting.

Additional field research with pilot schemes is

required to develop suitable designs, tank

geometries, effluent draw-off arrangements, and

operational patterns for low-cost settling/thicken-

ing units capable of a continuous 70-80 % S§

removal. Comparative investigations with batch
and continuous-flow
units should be con-
ducted.

Photo 4:

Process control
by measuring
windrow tem-
peratures at the
Rini/Grahams-
town co-com-
posting plant
(South Africal.

Call for Field RESG&FC?’I
Collaboration

In a few countries, SANDEC has found partners
who carry out field research on a limited number
of treatment optiens (see Chpt. 5 above). Our
centre is interested in widening the selection of
FSTP options to be evaluated. Persons interested
in collaborating with us in the examination of
sustainable FS treatment options, are invited to
contact Martin Strauss, Programme Officer
Sanitation

Tel: +41-1-823 50 20

Fax.: +41-1-823 53 99

strauss@ecawag.ch
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Useful Addresses

This list contains a2 number of institutions and
contact persons actively involved in faecal sludge
R+D work. Some are SANDEC's partners in field
research activities on FS treatment, They could
also act as disseminators of relevant information.

Mr Aim Abdurahim
Head, Development Division

Country Institution + Contact Person Known Activities

Ghana Water Resources Rescarch Institute *  Monitoring of FSTP (raw
Mr Seth A. Larmie shudges,
Box M 32 settling/thickening, ponds,
Accra/Ghana thickened sludge)
Tel +233-21 - 775351/2 + Collaboration with SANDEC
Fax+233-21 .77 170

Indonesia Research Enstitute for Human Settlements * FSTP monitoring in

preparation
(raw sfudges, extended

Mr lan Pearson
Water Technalogy Division

Box 812 acration, poads, drying beds)
Bandung 40008 / Indonesia + Collaboration with SANDEC
Tel. +62-22 -T9R393
Fax +62 - 22 -798392

South Africa Council for Scientific & Industrial Research |+ Pilot FSTP instaliation and
{CSIR) maositoring {co-composting of

pit latrines sludges and
municipal refuse)

Faculty of Engineering
The University of Tokye
7-3-1 Hongo, Bunkyo-ku .
Tokyo 113/Japan
Tel./Fax

+81-3- 58022956

P.O. Box 395 * Networking with SANDEC
Pretocia 0G01/South Africa
Tel. +27-12 - 8412254
Fax +27-12 -8414785

China 1 Wauhan Urban Construction Institute * Pilot FSTP installation and
Prof. Jin Rulin monitoring (co-compostiag of
Wauhan, Hube: Province/P.R, Chiaa pit latrines sludges and
Tel. +86-27 -78092 7877803298 municipal refuse)
Fax +86-27  -7801733 * Collaboration with SANDEC
Dr (Mrs) Ling Bo * FSTP R+D on anaercbic
Institute of Environmental Health and digestion (completed}
Engineering + Information dissemination
Chinese Academy of Preventive Medicine
29 Nan Wei Road
Beijing 100050/P.R. China
Tel +86-1 -303 8761
Fax +86 -1 -30i4342
Department of Urban Construction + Information dissemination
Department of international Cooperation
Ministry of Construction
9 Sanline Road
Beijing 100835/P.R. China

Japan international Environmental Planning Ceatre |+ Documenting FS treatment and
{INTEP) use history in Japan
Department of Urban Engincering = Forthcoming: compendium on

FS treatment technology
developed in Japan
iaformalicn dissemination

1 The proceedings of the Seminar on Appropriate Technology for Nightsoil Treatment, held in
Beijing April 20-22, 1993, provide information regarding R+D activities on faecal sludge
treatment i China. The seminar was organised and the procecdings published in Chinese and
English by the Dept. of Urban Construction whose address is [isted above.
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Non-Conventional Refuse Collection

Micro-Enterprises: A Proi
prove

.. nising Approac
Service Delivery

by Roger Pfammatter and Roland Schertenleib

’ ntroduction

Municipal Solid Waste Management (SWM) is
increasingly acknowledged by most urban gov-
ernments of low and middie-income countries as
an immediate and serious problem. However, in
spite of the establishment of municipal institutions
responsible for public cleansing and the invest-
ment of considerable human and financial re-
sources in SWM, the problems are far from being
solved. Due to a lack of adequate institutional
arrangements and low financial and technical
sustainability, most administrations are unable to
cope with the waste generated by the unregulated
and rapidly expanding cities. Poor management
and operational inefficiencies thereby result in
inadequate waste collection and disposal [11.

Since low political priority is given to the often
unplanned and illegal settlements of difficult ac-
cess, mostly low-income communities in marginal
areas suffer from this situation. As a result of the
poor service, uncollected domestic refuse (often
mixed with human and animal excreta) piles up
on the streets, or is dumped in drainage systems,
rivers or surrounding areas. This poses not only a
serious health risk to the population but leads to
considerahle environmental degradation. Itis clear
that these areas require unconventional waste
management approaches.

esearch Background and
Objectives

BEAWAG/SANDEC is therefore conducting a re-
search project aimed at investigating non-conven-
tional refuse collection in low-income areas. In a
tirst phase, research focused on collection schemes
with various degrees of community participation,
Over the past few years, such community-hased
schemes, in which refuse handling and the estab-
lishment of an appropriate collection system are
assumed by the communities themselves, have
been introduced in different urban areas in Asia,
Africa and Latin America. However, of the ap-
proximately 50 identified schemes, only few are
still in operation, The detailed evaluation of the 15
operating systems nevertheless revealed that the
active involvement of the community can lead 1o
higher tevels of service coverage in poor areas.
However, the study also showed that the purely
community-based approach does not necessarily
provide the best management alternative (2, 3, 41

In many instances, the involvement of small
private enterprises seems to be a more promising
approach in achieving efficient operation and
management of collection schemes. As a result of
the recent privatisation efforts, such micro-enter-
prises are becoming increasingly involved in the
public cleansing sector of urban areas in Latin
America. Since very little has been reported
regarding ‘practical experience in the field of
SWM, existing schemes in Peru, Bolivia, Ecuador,
and Colombia were visited as part of the second
phase of the SANDEC project. The main objective
of these visits was to determine the conditions
necessary for the establishment and successtul
operation of such schemes. The main observa-
tions and some preliminary findings of this evalu-
ation are summarised below.

bservations and Findings

Most micro-enterprises visited operate as coop-
eratives with 8 to max. 25 workers and provide
their services in certain areas as contraciually
agreed with the municipality. The micro-entre-
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preneurs, who work in teams of two, collect the
refuse with small handcarts or tricycles from
households and bring it to collection points. The
waste is then transported either by the micro-
enterprise itself or by the municipality to a sanitary
landfill or dumping site. Since the enterprises are
usually contracted by the municipality, the service
is paid through taxes or tariffs collected by the
municipal institutions.

Although most schemes work according to a
similar pattern, considerable differences prevait
as regards the quality of the institutional and
financial arrangements and efficiency of the deliv-
ered service. Some enterprises operate on a rather
informal basis with no clear operational cost
accounting and inadequate contracis (Lima). In
other enterprises, the workers are either not
remunerated for months (La Paz) or face opera-
tional difficulties {Cajamarca). Inadequate finan-
ciai structures and contracts, operational deficien-
cies, lack of cooperation between the parties
involved, and a missing sense of responsibility
within the micro-enterprise have been identified
as the main problem areas. However, some very
promising schemes were visited in Cucuta, Co-
lombia. Within the frame of a primary health care
project between Colombian institutions and the
German Cooperation Agency (GTZ), a first micro-
enterprise was established in 1989 for refuse
collection and transport of around 50,000 inhab-
itants. In the meantime, two additional enterprises
were founded in the same municipality, and a
third is currently being set up. This will ensure a
successful service coverage by small private enter-
prises of almost 150,000 inhabitants.

Regarding some specific implementation and op-
erational aspects of successful schemes, it can be
stated that [6F

s Operation and management by micro-enter-
prises can be regarded as a kind of commu-
nity-based approach since the operators (mostly
women) are selected and work within their
own community. Similar to real community-
based schemes, the duties of micro-enterprises
should thus be basically limited to primary
refuse collection. Secondary collection, trans-
port to the dumping site and operation of the
landfill are usually beyond the scope and
capability of the communities and micro-en-
terprises. However, since communal collec-
tion points are often criticat interfaces in a
collection scheme, it can be favourable to
include also transport to the landfill in the
duties of the micro-entesprise, This is espe-
clally true for small municipalities where the
distance to the final disposat sites is not too
long.

s An advisory group, composed of regional
consultants with a technical, economical or
social background, shoukd manage the entire
implementation process (i.e., promotion within

institutions and persons involved, organisa-
tion of a pilot study on waste characteristics,
cost assessments and development of a fi-
nancing model), and accompany the new
enterprise during its first few months of opera-
fion.

¢ The organisational structure of the enterprise
should be as simple as possible. Cooperatives,
formed by operators with the same status,
have proven to be a very suitable form of
organisation as each and every micro-entre-
preneur is responsible for success or failure of
the scheme. Nevertheless, a general manager
should be appointed to deal with financial and
organisational aspects and external matters.

= Every sustainable scheme requires an exact
cost assessment, A fransparent cost structure
should split up the expected expenditures into
running costs (salaries, insurance, mainte-
nance of equipment, fuel/oil consumption)
and investment costs (equipment, consul-
ancy, office, uniforms and a first month of
salaries). A bank loan with guarantees from
donors/aid organisations or local and regional
industries could provide the required capital
{about US$ 50-60,000 for refuse collection and
transport of 30,000 inhabitants). The current
service costs, comprising also capital costs as
repayments and interest rates, should be cov-
cred through taxes or tariffs coilected by the
municipality (amournting to about US$ 0.75
per family and month for the above example).

= Since the contract with the municipality forms
the basis of the cooperation agreement, it
should include all refevant aspects of service
delivery. Besides an exact area definition and
service description, the term of the contract
and monthly payments are the key factors of
the agreement. The term has to be defined
according to the repayment period of the loan

Photo 1:

Operational deficiencies of a micro-
enterprise in Lima, Peru.

the community, selection of micro-entrepre-
neurs, discussions and negotiations with the
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(e.g. 3 years) as the en-
terprise has to capital-
ise and make some prof-
its before the agreement
comes to term {as in-
centive for the entre-
preneurs). The monthly
payment is to be based
on the calculated cur-
rent service costs and
should comprise a regu-
lar (e.g. bimonthly) in-
crease which takes into
account inflation and/
or an increase in ben-
eficiaries in the collec-
tion area. Furthermore,
the conditions for over-
due payments by the
municipality and inadequate service delivery
by the micro-enterprise have to be negotiated
and defined in the written contract. Finally, a
supervisory comrmittee should be elected, pref-
erably with one representative from each party
involved.

= Smooth functioning of the scheme largely
depends on the contribution of the beneficiar-
ies who should be informed about the health
risks and environmental impacts of inappro-
priate refuse handling. The service provided
should also be affordable and adapted to the
community. If these conditions are fulfilted,
the beneficiaries will certainly be willing to
pay for the provided service. The monthly
charge amounts to less than US$ 1 per family
and should be within the means of all the
residents.

reliminary Conclusion

The review revealed that operation and manage-
ment of refuse coliection by micro-enterprises can
be a very efficient and reliable alternative for
service delivery in certain marginal areas. How-
ever, the little experience gained so far clearly
indicates that some conditions have to be fulfilled

Photo 2:
Successful service coverage by micro-
enterprises in Cucuta, Colombia.

for an economically and socially sustainable
scheme. As mentioned above, such schemes have
to be planned and set up very carefully and all the
institution:al, financial and technical aspects should
be included. Moreover, a big effort fromall parties
involved; i.e., the municipality, the micro-entre-
preneurs, the advisory group and the beneficiar-
ies, is required for successful implementation of a
scheme. The new situation calis for an interactive
process of discussion, negotiation and promo-
tion, and constitutes the most critical point in
establishing successful schemes,

utiook

In a next step, the findings of the evaluation
regarding community-based schemes and involve-
ment of small private enterprises wili be synthe-
sised into lessons learned, The assessment of
promising institutional and financial frameworks
shall be the focus of our future activities. If
relevant gaps of knowledge are identified, further
evaluation and monitoring activities shall be con-
ducted in collaboration with resource persons
and local institutions in Asia, Africa and/or Latin
America. The overall objective of our research is
the development of strategies and materials to
promote appropriate refuse collection alterna-
tives.

We are seeking specific information on this topic
and would like to establish contacts and collabo-
ration with people active in this field, Persons and
institutions interested in this particular subject or
certain aspects of it are invited to contact:

Roger Pfammatter, SANDEC Project Officer
Tel: +41-1-823 5423

Fax.: +41-1-8235399
plfammatter@eawag.ch
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improved Traditional Nightsoil Disposal in
China - An Alternative to the Conventional

Sewerage System ?

by Roland schertenleib

raditional Nightsoil Disposal
Practice in Chinese Cities

Most Chinese cities are equipped only with a
rudimentary or no sewerage system for nightsoil
disposal. A mere 13% of Shanghai’s population
are for example connected to a conventional
sewerage system. About 2.5 million inhabitants of
this seven million city still use the traditional
bucket latrine for nightsoil disposal. The excreta
of over four million people are discharged into the
- surface water drainage system either without any
treatment or after basic treatment in an usually
overloaded septic tank. The nightsoil and faecal
sludges from the bucket and communal latrines
and septic tanks are collected more or less regu-
larly by vacuum trucks, pumped onto barges and
transported on the rivers to agricultural areas,
There they should be stored in tanks for atleast 30
days (to attain advanced pathogen die-off) as
prescribed by national guidelines before they are
used as manure on fields or in fish ponds.
However, since this minimum storage time of 30
days is hardly ever kept in practice, the nightsoil
often reaches the fields and fish ponds in a raw
and untreated condition, '

This type of nightsoil disposal/reuse system is
typical for most of China’s urban population
{approx. 360 million), and is also frequently

Photo 1:  Faecal sludges are kept in storage tanks for
pathogen die-off,
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considered by Western experts as one of the
major environmental problems of Chinese cities.
Although no systematic epidemiological studies
have been conducted, it is generally assumed that
the existing nightsoil disposal/reuse practice is
responsible for a high risk of infectious disease
transmission.

Consequently, several urban environmental
projects, financed by the World Bank and other
development agencies, aim at improving the
present nightsoil and wastewater situation.

5 s the Conventional Sewerage
System the Only and Best Alter-
native ?

In order to solve this problem, practically all the
projects propose to equip the cities with conven-
tional sewerage systems patterned after the in-
dustrialised countries of the North. However,
since the construction of a conventional sewer-
age system is extremely capital-intensive, the
limited financial resources available in most Chi-
nese cities and cities in any other developing
country will only allow the construction of a
rudimentary system serving mainly commercial
centres and high-income areas. With this ap-
proach, a large segment of the population, the
poor, will hardly benefit from the new system,
and surface water polution will be further in-
creased due to lack of financial resources for the
construction of wastewater treatment plants. Phos-
phorus .and nitrogen will be lost as valuable
nutrients and end up in rivers and lakes as
pollutants. In contrast to this, the traditional
nightsoil management system allows to recycle
them in agriculture and pisciculture,

The question should therefore be investigated
whether the introduction of the conventional
sewerage system actually provides an appropri-
ate and sustainable solution for the approx. 360
million Chinese urban population. Thisis also the
main purpose of a study financed by SDC (Swiss
Development Cooperation) and conducted by
SANDEC in close collaboration with the World
Bank, the Swiss Tropical Institute in Basel and
local consultants. A concrete example is being
studied to determine whether the current system
should basically be discontinued for hygienic
reasons, or whether the implementation of spe-
cific technical and non-technical measures could
lead, at least on a short and medium-term basis,
1o an adequate improvement of the situation and
offer a real alternative to the conventional sewer-
age system. This study is carried out in the Hubei
Province and is part of a planned World Bank
project on the improvement of the urban environ-
mental situation. Close collaboration with a World
Bank project will ensure rapid and eflicient
practical implementation of the results.

E s an Improvement of the Tradi-
tional Nightsoil Disposal Practice
Possibie ?

Results of the first substudies

In 1994, a first phase comprised the following
substudies:

a) Epidemiological studies on the actual public
health risk from the existing excreta disposal
practices.

b) Market study on the developmental trend
concerning the demand and use of faecal
sludges in agriculture and pisciculture.

¢} Sociocultural study on the prevailing condi-
tion regarding health and hygiene education
and its causal relationship with the unhygienic
nightsoil collection and reuse practices.

&) Study ona gradual improvement of the current
situation with the use of technical measures.

The following are some of the results obtained
from these substudies:

a) The rate of worm infections among farmers
and field workers in direct contact with nightsoil
was indeed higher than in the control sample.
However, the personal hygiene behaviour
was identified as equally important for the
actual health risk. Therefore, improved hy-
giene education and strict adherence to basic
hygiene behaviour could lower significantly
the risk of infection.

b) The farmers have expressed their wish to
continue using nightsoil and faecal sludges on
their fields and in fish ponds. Since the de-
mand is generally greater than the supply,
nightsoil and faecal sludges are often directly
collected from the “producers”, and the pre-
scribed 30-day storage period is not kept. In
areas where nightsoil is strongly diluted with
flush water, the farmers rather prefer to use
chemical fertilisers as nutrient suppliers, This
seems 1o be related to the fact that transport
and handling of diluted faecal sludge is more
difficult and costly and its application cannot
be targeted to individual plants.

¢} Public health and hygiene education varies
significantly among the different population
groups. However, especially the farming popu-
lation is the most neglected group with regard
to health and hygiene education.

d¢) The existing septic tanks and sludge storage
tanks are generally undersized as well as
poorly or not maintained at all. The wastewaters
and faecal sludges are thus practically un-
treated when discharged into surface waters or
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used on agricuitural fields. Relatively simple
construction and operational improvements of
the existing installations, and the introduction
of new processes (e.g. septic tanks with sub-
sequent anaerobic filter, joint composting of
faecal sludges and domestic refuse, etc.) could
significantly improve the prevailing sanitary
and environmental condition without basi-
cally altering the existing system.

Planned Pilot Activities

In the current second phase, specific pilot activi-
ties in two selected cities (Huangshi and Yichang)
shall examine suitability and efficiency of gradual
improvement measures regarding the traditional
nightsoil disposal system. The quality of the
effluent, as well as the faecal sludges produced in
correctly dimensioned and operated "traditional"
installations shail be determined. The capacity to
increase the efficiency by simple modifications
and additions to the existing installations shall
also be examined. Two key questions predomi-
nate in this context:

a) Can the wastewaters, primarily originating
from households, be treated by simple (decen-
tralised) technicai measures in order 10 be
discharged “without damage” into surface wa-
ters?

b} Canthe hygienic quality of faecal sludges used
in agriculture and pisciculture be improved by
simple technical and operational measures to
reduce the risk of disease transmission to an
“acceptable level" ?

Only scientilically sound answers to these ques-
tions will allow to determine whether the im-
proved traditional nightsoil disposal system in
China offers, at least on a short and medium-term
basis, a real alternative to the conventional sew-
erage system. The subjective criteria “without
damage” and "acceptable level” have been used
quite deliberately in the above questions as the
criteria for assessing improvement measures
should primarily be based on the current hygienic
and environmental situation. The choice of ambi-
tious standards, which cananyhow not be reached
for socioeconomic reasons, have always proved
counterproductive,

Photo 2:

Targeted applica-
tion of faecal
sludge on a veg-
etable field.

News from the Solar
Project

by Martin Wegelin

ntroduction

Solar water disinfection (SODIS) is a simple treat-
ment process using solar energy to inactivate and
destroy pathogenic microorganisms present in the
water. The treatment basically consists in filling
transparent containers with water and exposing
them to sunlight for several hours. SODIS may be
used at household level to produce small quanti-
ties of drinking water. The use of solar energy,
which is universally available and free of charge,
is the basis of this low-cost and sustainable
technology.

sinfection

Sa far, two different processes using solar energy
for water treatment have been developed inde-
pendently. The first focuses on solar radiation
(disinfection by UV-light), and the second applies
solar thermal water treatment (pasteurisation).
Specific research on SODIS was initiated by Prof.
Aftim Acra at the American University of Beirut,
Lebanon, in the late 1970s [3, 2. Further field
studies were conducted under a network pro-
gramme and reviewed in a workshop held at
Brace Research Institute, Montreal, Canada in
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August 1988 [3]. The workshop revealed the need
for additional research before SODIS can be
effectively used under field conditions, In 1991,
SANDEC therefore decided to embark on exten-
sive laboratory and field test studies in order to
identify the potential and limitations of the SODIS
process, as well as to promote its practical appli-
cation, provided efficient and appropriate treat-
ment methods are developed.

esults with Cultivated Micro-
organisms

The results of the comprehensive laboratory and
field tests conducted at EAWAG have been pub-
lished in IRCWD News and AQUA {4, 3]. These
investigations reveal that the UV-A light (320-400
nm) is mainly responsible for the inactivation of
microorganisms. However, in combination with
violet light (400-450 nm), the inactivation rate of
E. coli is increased by a factor three. Water
temperatures between 20 and 40 'C do not
influence the inactivation rate of bacteria by UV-
A and visible light radiation. However, synergetic
effects were observed at a threshold water tem-
perature of 50 "C. At this temperature, the inacti-
vation rate for bacteria was more than three times
higher and viruses showed a higher sensitivity to
water temperatiure increases. A fluence (dose of
solar radiation integrated in the 350-450 nm
wavelength range) of about 555 Wh/m? is re-
quired to achieve a 3-log reduction of E. coli at
water temperatures between 20 and 40 "C. This
fluence is reached if the water is.exposed to
midday.summer sunshine for about 5 hours. The
same E. colireduction is achieved within about 90
minutes at a2 water temperature above 50 "C.
Hence, the recorded synergetic effects of solar
radiation and thermal water treatment favour a

combined use of these two water treatment proc-
£55es.

esults with Natural Mixtures
of Bacteria

EAWAG's research work with SODIS was con-
ducted under strictly controlled faboratery condi-
tions and complemented with field tests run
under real field conditions at CINARA’s research
station Puerto Mallarino in Cali, Colombia {6]. The
characteristics of solar radiation intensity in Cali
are very similar to those recorded in Duebendorf
and show a good correlation between the differ-
ent wavelength spectra. The field test results
recorded in Colombia concur with the faboratory
and field tests carried out in Switzerland., The
water turbidity clearly reduces the inactivation
rate of bacteria. Tests run with small quartz tubes
(15 mm internal diameter) - where light transmis-
sion losses can be neglected due to the shallow
water depth - indicate that the inactivation rate
decreased from 97 10 92 % within the investigated
turbidity range of 10-120 NTU. Furthermore, the
disinfection efficiency is significantly influenced
by the specific properties of the water container.
Therefore, use of material with high UV-A trans-
mittance and shallow water depth seem most
appropriate. Tests run with modified plastic bot-
tles (half blackened) reveal the enormous poten-
tial of solar heating. On a sunny day, the water
temperature rose from 24 'C to over
50 °C within 3 hours only, and remained above
this temperature for another 3 hours (maximum
57 "C). Hence, temperatures supporting disinfec-
tion processes can be attained by solar energy and
by easily modified containers. Fig. 1 illustrates the
application of SODIS as batch process, as well as

the water quality improvement

potential of this system.
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---{50 with Continuous-flow

Systems

The daily production of treated
water by the batch process is lim-
ited to the volume of water stored
in the bottles and exposed to the
sun. The output of treated water
can be increased significantly with
continuous-flow systems consist-
ing of raw water and treated water
tanks, solar collectors, exposure
vessels, heat exchangers, and flow
control devices. The gravity flow
system starts operating when the
water has reached the 50 °C thresh-

Water Temperature [°C)

Fig. 1

Layout and Efficiency of SODIS Batch System

old temperature. Fig. 2 illustrates
the use of heat exchangers to
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Fig. 2 Layout and Efficiency of S0DIS Reactor system

preheat the raw water using the warm treated
water, thus recuperating part of the heat, leading
to a more efficient use of the available solar
energy. According to the graph, the operating
water temperature of 50 °C is reached within two
hours, and the 4-fog faecal coliform concentration
in the raw water is completely reduced by the
reactor with a daily capacity of about 200 litres.

However, the field experience with the two reac-

tors tested at CINARA's research station Puerto
Mallarine in Cali, Colombia, one of which was
designed and built at EAWAG, and the other at
CINARA, revealed that reactor design, flow and
temperature control, as well as use of adeguate
material need further attention before such con-
tinuous-flow systems can be applied as water
treatment units [7].

Additional field tests with continuous-flow sys-
tems are planned to be conducted in Jordan,
Lebanon and Thailand. New reactors will be
constructed and installed in cooperation with
local partners. Two different SODIS reactors will
be tested at each field test site in order to develop,
by the end of 1995, appropriate equipment and
procedures allowing the application of the SODIS
technology. To study sociocultural acceptance
and affordability of this treatment method, it will
be introduced by demonstration projects to inter-
ested users. Prior to disseminating the SODIS
technology on a regional level, the field experi-

ence gained by the demonstration projects will be

carefully evaluated in workshops .

References

[1] Acra, A. et al. (1984), Solar disinfection of
drinking water and oral rehydration solu-
tions, UNICEF.

[2}  Acra, A, et al. (1990), Water disinfection by
solai radiation, IDRC.

[3] IDRC (1988), Solar water disinfection, Pro-
ceedings of a workshop held at the Brace
Institute, Montreal, Canada.

[4] Wegelin, M. (1993), Water disinfection by
solar energy, IRCWD News No. 27,

[5] Wegelin, M. et al. (1994), Solar water disin-
fection: scope of the process and analysis of

_ radiation experiments, AQUA No. 3, pp.
154-169.

[6] Pfammatter, R. et al, (1993), Solar water
disinfection: evaluation of fieid tests carried
out at CINARA, Cali, Colombia, EAWAG
internal report.

(7] CINARA (1995), SODIS reactor test report,
CINARA internal repost.

Institutions working or interested in solar water

disinfection are invited to contact:

Maitin Wegelin
Programme Officer Water Treatment

Tel: +41-1-823 50 19
Fax, +41-1-823 53 99
wegelin@eawag.ch
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Update on Roughing Filtration

by Martin Wegelin

i n the last 12 years, SANDEC has been actively
engaged in developing and promoting sustain-
able rural water treatment. processes, especially
the horizontal-flow roughing filter (HRF) technol-
ogy. The HRF process is an efficient pretreatment
option preceding slow sand fiiter (SSF) units. The
comprehensive development of the HRF technol-
ogy through research, laboratory and field tests,
and the successful application of the pretreatment
process has also enhanced the development of
other types of roughing filters by local institu-
tions, Especially CINARA (Centro Inter-Regional
de Abastecimiento v Remocion de Agua) in Cali,
Colombia, in collaboration with IRC (Interna-
tional Water and Sanitation Centre, The Hague)
and other institutions is substantially involved
with the development of the roughing and slow
sand filter technology. SANDEC has concluded its
active project phase with an International Worlk-
shop on Roughing Filtration held in Zurich,
Switzerland, in June 1992. It has, since then,

~ answered specific demands for technical advice.

SANDEC's specific engagement in the implemen-
tation of roughing filtration is iliustrated by the
following three projects cartied out over the past
year.

Taratain Bolivia has recently inaugurated a new
water treatment plant comprising HRF and SSF
units. The raw water is drawn from a large
reservoir mainity used for irrigation. The local
NGO designed the 500 m?/d capacity treatment
plant as recommended by the literature. How-
ever, the first operational experience already
revealed poor filter performance; ie., the HRF
units hardly reduced the raw water turbidity
normally ranging between 200 and 400 NTU, with

existing scheme

rehabilitated scheme

dynamic
filter

slow sand
fitter

sedimentation

reservoir
tank !

upflow roughing
filter

Fig. 1

Water Treatment Plant Rehabilitation for Guzang il

Water Supply scheme

peaks of up to 2,000 NTU. SSF operation there-
fore had to be suspended due to heavy clogging
of the sand bed, The high suspension stability of
the raw water (raw water turbidities of 200-300
NTU were recorded even after a 5-month storage
period), and the small particle size of the sus-
pended solids (the average particle size is about
0.5 um) prevented an efficient use of roughing
filiration. On request of the local NGO, SANDEC
formed a project team to study the rehabilitation
of the treatment plant. The Universidad Nacional
de Rosario in Argentina - a former project partner
of SANDEC- was contracted as consultant. Pilot
plant tests, conducted in cooperation with the
local partners, revealed that the installation of
two upflow roughing filters, run in sequence and
operated as contact filters with an alum sulphate
dose of 60 mg/l, produced an excellent pretreated
water quality. The raw water turbidity of 400 NTU
was reduced toless than 2 NTU by this pretreatment
step. The use of flocculation/sedimentation as
pretreatment prior to SSF is generally not recom-
mended. On account of the high stability of
roughing filters operated as contact filters, this
process is suited to pretreat difficult raw water
quality. Successful networking between different
institutions, and testing of an unusual pretreatment
alternative, paved the way for Tarata's treatment
plant rehabilitation.

Helvetas in Camercon has been involved in
community water supply development for almost
30 years. More than 150 water supply schemes
serving over 700,000 people have been installed
during this period. Most of these schemes use
spring water which is supplied by gravity to the
villages. However, a few schemes have to use
surface water generally treated by sedimentation
tanks and slow sand filters, Initially, these treat-
ment plants did not face operational problems
and produced water that was safe for consump-
tion. In the course of time, communal activities
expanded into the well-protected water catch-
ment area where deforestation, careless farming
and overgrazing affected both water quantity and
quality. Consequently, minimum flow decreased
during the dry season and surface runoff in-
creased during the rainy season. The sutface
water, which is contaminated by soil erosion,
hampers treatment plants operation and reduces
treatment efficiency. Helvetas has therefore asked
SANDEC 1o develop rehabilitation strategies for
the affected treatment plants. Rehabilitation pos-
sibilities, which were studied during a field mis-
sion, revealed that the visited schemes are char-
acterised by sturdy and good quality structures
which can be partly converted into different types
of roughing filters. The approach used to rehabili-
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tate Guzang II treatment works is briefly exempli-
fied. A comprehensive monitoring programume
shall be conducted during the next rainy season in
arder to determine if a dynamic filter is actually
necessary to prolect the treatment plant from
heavy sludge loads. As shown in Fig. 1, two
upflow roughing filters will be installed in the
existing sedimentation tank to improve the
pretreatment efficiency. Water quality wili be
carefully monitored after treatment plant rehabili-
ration, and the respective results evaluated and
discussed in a workshop that will disseminate the
new pretreatment methods. However, rehabilita-
tion of the treatmenit facilities is merely a remedial
measure. Helvetas has introduced preventive
measures in the form of watershed protection
projects to ensure the long term use of the water
resources.

The Zhejiang Health and Anti-epidemic Sta-
tion (ZHAS) in Hangzhou, China, was SANDEC's
cooperation partner in promoting the roughing
art stow sand filter technology in China. Since
1989, six full-scale demonstration plants were
constructed within the framework of this coopera-
tion. Surface waters ranging from hardly contami-
nated upland river water to seriously polluted
lowiand streams are being treated by different
types of roughing filters followed always by SSF,
At one treatment plant, the conventional and
malfunctioning pretreatment step, consisting of
flocculation and sedimentation, was replaced by
intake and upflow roughing filters. The treatment
efficiency of these demanstration plants was ex-
tensively monitored and the operational experi-
ence evaluated. The treatment plants now reduce
turbidity from 80 NTU to less than 3 NTU, and
faecal coliforms from >2400 to 0/100 ml. The
roughing filters are generally cleaned hydrauli-
cally every 2-4 weeks and manually after a period
of 3-4 years. The SSF have filter runs of 2-3
moenths. Since the treated water does not undergo
disinfection, its good taste is particularly appreci-
ated by the consumers (chlorine usually affects
the taste of tea). A national workshop on “Rural
Water Treatment in China” was jointly organised
by the local partners and SANDEC to review the
practical experience with conventional and alter-
native treatment methods, and to formulate a
strategy for disseminating and promoting appro-
priate rural water treatment technologies. The
workshop was attended by more than 50 Chinese
participants from Beijing, Shanghai and from over
ten different Chinese provinces. Based on their
own experience, on the presented papers, group
and plenary discussions, as well as on the field
visits, the workshop participants recognised the
suitability of roughing and slow sand filtration as
treatmment processes and formulated the Hangzhou
Recommendations to intensify the promotion of
this technology in rural water supply schemes
throughout China.

»  Financial Management of Water Supply

and Sanitation. A Handbook. WHO 1994,
x + 83 pages. ISBN 92-4-154472-4. Sw.fr.
20.-/US § 18.00, in developing countries:
Sw.fr. 14.-. Order no. 1150419.

Available in English; French and Spanish in
preparation.

o  The Urban Health Crisis. Strategies for

Tealth for All in the Face of Rapid Urbani-
zation. WHO 1993, xvi + 80 pages, ISBN 92-
4-156159-9, Sw.fr. 20.-/US $ 18.00, in devel-
oping countries: Sw.fr. 14.-. Order no.
1150402,

Available in English, French and Spanish.

s International Travel and Health. Vacci-

nation Requirements and Health Advice,
Situation as on 1 January 1994. WHO 1994,
98 pages, ISBN 92-4-158019-4, Sw.fr. 15.-/
US $ 13.50, in developing countries: Sw.fr.
10.50. Order no. 1189400,

Available in English; French in preparation.

¢«  Guidelines for Drinking-water Quality.

Volume I: Recommendations. Second
edition. WHO 1993, x + 188 pages, ISBN 92-
4-154460-0, Sw.ir. 46,-/US § 41.40, in devel-
oping countries Sw.fr.. 32.20. Order no.
1151404.

Available in English and French; Spanish in
preparation,

s IN PREPARATION:

Guidelines for Drinking-water Quality

- ¥Yolume 2; Health Criteria and Other
Supporting Information, Second edition.

- Yolume 3: Surveillance and Control of
Community Supplies, Second edition.

=  TheManagement and Prevention of Di-

arrhoea. Practical Guidelines. Third edi-
tion. WHO 1993, v + 50 pages, ISBN 92-4-
154454-6, Sw.fr. 12.-/US $ 10.80, in devel-
oping countries: Sw.ir. 8.40. Order no.
1153230.

Available in English, French and Spanish.

» A Global Strategy for Malaria Control

WHO 1993, x + 30 pages, ISBN 02-4-
156161-0, Sw.fr. 11.-/US $ 9.90, in develop-
ing countries: Sw.fr. 7.70. Order no. 1150405,
Available in English, French and Spanish.

»  Hygiene Education and Environmental

Sanitation in Schools in Francophone
West Africa. The report of an intercountry
workshop to identify problems and options
for improvement, EIER, Cuagadougou, 19-
21 April 1994, WIO/EOS/94.506, 44 pages,
free of charge.

=  Hygiene Education and Environmental

Sanitation in Schools in Viet Nam. The
report of a Project Identification and For-
mulation Workshop, Hanoi, 8-10 June 1993,
WHO/EOS/94, 16 pages, free of charge.

»  School Sanitation and Hygiene Educa-

tionin Latin America. Summary Report of
a Workshop on Problems and Options for
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Improvement, Cali, Colombia, 22-27 March 1993.
WHO/EOS/94.38, 39 pages, free of charge.

: ']’he above publzcatzons czre avazlable ﬁ‘om

;.' World Healtb Orgamsatzcm
i _-Dtsmbutzon and Sdles - e
CH 1211 Geneva .27/ Swatzerland _'

Pbomg +41 22_791 .24 76 Fax +41 22«791 48 57

e African Environument: Man and Waste.
Popular Recycling Activities in the Third
World, ENDA 1991, 297 pages, paperback,
Available from ENDA (Environnement et
Développement du Tiers-Monde, B.P. 3370,
Dalkar, Sénégal, Phone +221-22 42 29, Fax
+221-22 26 95.

+  Environnement Africain: Des déchets
et des hommes. Expériences urbaines de
recyclage dans le Tiers Monde. 1990, 297
pages, paperback.

Available from ENDA, see above,

e  Occasional Papers/Etudes et Re-
cherches. These are supplements to the
“African Environment”, published either in
English or French, free of charge, available
from ENDA, see above.

= International Training Course on Ru-
ral Energy Source

Chengdu Xingguang Development Corp. for
Appropriate Science and Technology (DCAST)
and Chengdu Biogas Research and Design
Institute (BRDI) will jointly organise an Inter-
national Training Course on Rural Energy
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Source in Chengdu, P. R. China) from 15th
August t0 15th September 1995, for techni-
cians in developing countries. The course

- covers study tours, workshops and classroom
lectures. Course language: English.
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Mr Song Yuhua

Director of Chengdu Xingguang Corp. (DCAST)
No. 13, Block 4, People South Road,
Chengdu 610041, Sichuan, P.R. China
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