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The Use of Urban Waste

SUMMARY

Urhan waste types, including both solid and liquid wastes,
have the potential for nse as animal feed, soil improvers
and fuel; for weed, pest and disease control, aquaculture,
rhe enltivation of lower organisms; and for irrigation.

Constraints to the use of wasre for animal feed inclnde the
need to ensure that the waste forms part of a balanced diet,
and the facts that the waste may be perishable, scasonally
or otherwise variable, anti-nntritional or texic, may require
further processing, and may introduce diseases into food
chains.

The use of organic wastes to improve soil fertility usually
invaelves composting which sanitises waste, reduces waste
volume, weight and water content, enables storage, and
alters the compesition of waste making it more suitable for
agriculrure. Constraines to rhe use of wastes for soil
improvement include variability of guality, toxicity,
difficulties with transporring bulky materials, need for
further processing, need for additienal separation and
collection procednres, high inputs of labour, lack of
availability of land for processing, need for technology for
municipal scale processing, inefficient collection and
transport systems, adverse climatic conditions, difficultics
in matching raw material supply with processing capacity,
seasanat supply, low market value, limited markers,
contamination with non-organics, and unwillingness to
work with wastes for cultnral or other reasons.

Constraints to the use of wastewater for irrigation include
the need for appropriate technology to facilitate collection
and treatment, and the risks of disease, soil salinisation and
heavy metal centamination.

Facrors affecting the nse of wastes in agriculture include
types of farming system, crops and livestock involved, farm
and household economies, markets, availabilicy and use of
alternarives, priority of use, farmer knowledge and
perceprions, cultural aspects, gender, land availability and
tenure, institntional support, and the ability to solve
technological constraints including collection and
separation, transpert, processing, availability and quality,
health and safety, and envirenmental concerns.

The principal gaps in existing knowledge relate o the
quantitative need for organic wastes in urban and peri-nrtban
agricultnral systems of target cities/regions, the potential
ro satisfy these needs within current resource constraints
and rhe institutional and policy frameworks affecting waste
management and nrilisation. Concentrating on petential
soil improving wastes, topics requiring further research
include methods to assess the value of waste materials as
fertilisers and soil condirieners, and to determine possible
phytotexic, environmental and health impacts. Small-scale
community or on-farm compaosting of wastes and the efficacy
of waste materials in on-farm trials to determine use and
application rates in specific crops also meric further research.
The nse of organic wastes in mixtures with inorganic inpnts,

mixtures of different organic wasres, and the optimum use
of high and low value organic fertilisers for composting,
with @ view to overcoming seasonal and other variations in
waste quality and supply, also require fusther research, as
do the acceptability, ecenomics and laboter requirements of
waste use at the farm level. An aim of this research should
e to develop decision trees and choice pathways for wasze
utilisation by different kinds of farmers.

A bibliography on the nse of usban waste using Papyrus as a
reference handling system is supplied on compnter disk.

BACKGROUND

Many parts of the world sire experiencing a rapid population
increasc, accompanied by rural nnemployment and
migration to urban areas. Stech nrban expansion creates
particutar problems and challenges in terms of poverty
alleviation and the provision of adequate food supplies and
food security. Urban areas place considerable demands npon
agricnltiral preduction in the surrounding conntryside, but
also offer diverse and more sophisticated markets. Similarly,
urthan areas generate environmental and health problems
associated with waste collection and disposal, but offer the
potential of recycling with associated income and
employment epportunities. Salvage and recyeling of merals
and other materials of value is common in many developing
countries and partly acceunts for the fact thar organic wastes
make 1p 50-75% of urban waste, compared with 16% in
Enrope. In additien to domestic refuse, urban wastes include
nightsoil or sewage sludge and, increasingly, agro-industriat
witstes from processing and livestock.

The increasing importance and porential of peri-urban
interface agriculture has been recognised in its designartion
as a Producrion System within the Natural Resonrces
Systems Programme of the Deparrment for International
Development Rencewable Nanral Resonrces Research
Srrategy with the aim of “more efficient management of
reseurces in order to enhance productivity, increase energy
efficiency, minimise envirenmental degradation, and make
greater nse (including recycling) of waste materials”.

There is an extensive lirerature base on the technologies
and procedures for urban waste disposal, but less attention
given to the potential agricultaral demand for urban wastes
and how their use might le integrared into farming regimes.
Detailed studies of projects on the utilisation of ughan wastes
in agriculture in less developed countries have been reported
for backyard, neighbourhood, and municipal schemes.
Althongh many of these stidies cover demand, constraints,
cost-henefit analysis and social factors, they are mostly
reported as case stidies and little actempt has been made to
draw these together to synthesise an overview.

Research Association
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The Use of Urban Waste

1. Classification and use of urban wastes

1.1 General introduction to waste types

Most organic production accurs in rutal areas, and
consequently most organic wastes are found there, including
manure from livestock and residues from crops. Use of these
wastes is often integrated into the farming system. However,
there ig a vast traffic of erganic raw materials into cities to
feed and clothe the inhabitants and provide the raw
materials for the industries that tend to be located there. In
citics in developing countries significant quantities of
otganic wastes are also generated by urban agriculcural
enterprises. Large quantities of human excrement arc
generated and vast amounts of water are containated by
organic material, either from agro-indnstrial processing or
sewage.

Althoungh rural atcas proaduce most organic waste, waste
management in urban areas is a serious issue, as less per
capita is recycled. As development occurs and urban
populations increase, the type of waste generated is likely
to change and the amount to increase.

Parr & Willson (1980) preduced dara for the annual
prochiction of organic waste in the USA (Table 1). Figures
produced for the UK by Border (1995) follow a similar
pattern (Table 2).

A city with one million inhabitants is estimated to consume
25,000 ¢ of water and 2,000 t of foad per day and to produce
50,000 t of effluent water and 2,000 t of waste material
daily (Deelstra 1989).

Table 1.
Annual production of organic waste in the USA.
Organic waste Million % of
t (dry) total
Animal manure 158.7 21.8
Crop residues 391.0 53.7
Sewage sludge 4.0 0.5
Food processing 2.9 0.4
Industrial erganic 7.5 1.0
Logging & wood processing 324 4.5
Municipal refuse 131.2 18.1

However, there are vast differences in the levels of
consumption and production of waste between the
inhabicants of industrialised and developing countries.

Estimates for waste generation in cities vary, particularly
where much of the waste is not collected and the population
of the city is growing rapidly. Some cities in developing
countries are reported to be increasing in population by 7%

Table 2.

Annual production of organic waste in the UK.

Waste Million t % of total
Agricultural 200-250 80
Sewage sludge 30 10
Domestic waste (30% organic) 14 4.6
Civic amenity waste 4 1.3
Forestry 2 0.6
Abattoir 1.5 0.5
Food processing 1.5 0.5

per annum, often more than twice the rate of increase for
the country as a whoele. In contrast to Deelstra’s fignres (Table
3), Metro Manila, Philippines, with 12 million people
generates 4,000 ¢ of waste per day (Medina 1993), Jakarta,
Indonesia, with a simitar population ptoduces 3,000 t per
day (Simpson 1993), Dar es Salaam, Tanzania, with about
3 million peaple generates 740 t of organic waste per day
(Lopez-Real 1995), Caleutra, India, with 10 million people
produces 3CCC ¢ per day (Kundu 19953), Kano, Nigeria, with
1.4 million people generates 450 t per day {(Lewcock 1994).

In general waste production increases with development
and urbanisation. Levels of waste generated in cities in
developing countries are likely to increase, but whecher they
reach the levels currently generated in industrialised
countries remains to be seen.

The above figures refer to urban waste, but should be seen
in the context of total waste generation. Taking the figures
from Tables 3 and 4, we can assumne that the relative
proportions of the total waste stream in developing countries
that are due to agriaudtural residues will be similar to or
greater than that of the USA. Logging and forestry wastes
will tend te vary much more significantly between countries,
but will generally be lower than USA levels. However, hoth
these and agricultural wastes tend to bhe generated away
frem urban areas.

Taking the remaining components; municipal refuse,
sewage, food processing and industrial organic, which are
most important in the urban context, it is apparent that
municipal refuse is by far the most significant. in developing
countries, with their much lower levels of industrialisation,
food processing and industrial organic wastes (Table 5) will
be considerably less significant than in developed countries

(Table 2).

Other figures arc provided by Qepen (1993) for Jakarta
where waste is 80-75% organic, Warmer (1995a) for Hanoi
where waste is 52% organic, Lewcock (1994) citing Yusufu
(1983} for Kano where waste is 56% organic. Mare recent
figures {Jalan er al 1995} pur the generation of paper waste
in domestic waste at India 7%, UK 50%, USA 54.5% and
Switzerland 33.5%. The figures can mainly be artributed o

PAGE 4
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The Use of Urban Waste

Table 3.
Prodhiction of waste per head of population

(from Declstra 1989).

Place kg per Volume per
person perday  day (litres)

India 0.25 1.00
Ghana 0.25 1.00
Aden 0.25 1.00
Egypt 0.30 1.25
Syria 0.30 1.25
Sri Lanka 0.40 1.60
Philippines 0.50 2.00
Tarkey 0.60 2.40
Mataysia 0.70 3.50
Singapore 0.85 4.25
Arab Qil States 1.00 5.00
Europe 1.00 8.00
USA 1.25 12.00

the farge amounts of packaging used in industrialised
conntries. in developing countries, where cities have grown
rapidly and there is not enough money for environmentally
sound waste disposal, a large proportion of collected waste
is dumped on umised land such as abandoned quarries or
wetlands near to the city. In Brazil it has been estimated
rthat 76% of the 90,000 t of waste generated per day is
disposed of in this way (Wells 1995). Decistra {1989)
estimated that 90% of all waste from cities in developing
countries is dumped when over 60% of it could be recycled.
In many citics the wastes will simply acciamulate only to be
dispersed by the effects of wind, rain and microbial action,
all the while causing problems of odor, fies, vermin and
scavenging animals and birds.

The above refers mainly to solid urban waste, but wastewaser
alse forms a major component of uthan waste and represents

hoth a significant problem for effective disposal and a
potential resource for agriculture. Following use in
households for drinking, bathing, washing, cooking, toiler

flushing, and in industry as water for cooling or processing,
wastewater is discharged into sewers or directly into
watereourses. Urhan sewer networks are of ewo main types;
one where wastewater and stovm water are kept in discrere
systems, the other where they are co-mingled. Systems
combining waste and storm water tend to be found in
temperate regions. In arid areas waste water is only rarely
dilitted with storm water run-off or infiltrated groundwater.

Wastewater generally comprises 99.9% warer and 0.1%
suspended colloidal and dissolved solids (Stranss 1995).
These solids may be organic; carbohydrates, lignin, fats,
soaps, synthetic detergents, proteins and their
decomposition products, as well asa variety of other natural
and synthetic organic compounds from processing inchistries.

1.2 Waste as animal feed

1.2.1 Introduction

Animal feeds need ro provide livestock wity:

s (arbohydrates to provide energy necessary for survival
and weight increase

e Protein, to provide energy and amino-acids necessary for
survival and growth

e Vitaminsand similar nutrients, essential for survival and
health

o  Minerals, essential for the health of blood, bones, teeth,
glands and other parts of the body

o Fats, to provide energy and increase weight

s Fibre or roughage, to assist the animal’s digestion

s Water, which may also be provided separately

Stock that are penned and therefore unable to forage for
themselves, must be provided with a diet including all the
necessary ingredients. Often the diet is in the form of a

Table 4. The composition of the waste {Dalzell et al 1987, Deelstra 1989).

Percentage composition

Waste type Accra Indian city N.European city Middie East Far East South America
Organic 87.1 75.0 3.0-16.0 50.0 75.0 55.0
Paper 5.7 2.0 2.7-4.3 200 2.0 15.0
Metals 2.6 0.1 7.0-10.0 10.0 0 6.0
Glass 0.7 0.2 10.0-11.0 2.0 0 4.0
Textiles 1.2 3.0 3.0-7.0 10.0 4.0 10.0
Synthertics 1.3 1.0 3.0 * *
Various 1.4 7.0 1.0-3.0 0 7.0 10.0
Dust - 12.0 13.0-16.0 8.0 12.0 0

* = Textiles and Synthetics are listed together under the same category.

Research Association
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Table 5. Typical agro-industrial wastes worldwide (from Dalzell er al 1987).

Vegetables Decayed cabluge, lettuce leaves, tops of root crops, wastes from tomare canniug, cassava
processing

Fruits Pineapple tops and pecls, maugo pips and peels, hanaua pecls, shells from cashew, grouudnut,
woodapple, macadarmia, peel of citrus, passion fruit and durian

Cereals Husks aud hran from rice, wheat, sorghuu, barley and maize cobs

Beverages Brewery and wine wastes, cocoa pods, coffee pulp, tea stalks and sweepings

Filres Cotton gin wastes, coconut husks, coir duse, jute mill wastes, silkworn wastes

Sugar Bagasse, press mud cake, vinasse (liquor from industrial alcohol distillation)

Vegetahle Copra, castor oil bean, seeds of cotton, grounduut, karanj, linseed, mahua, mustard, neem, oil

oil cakes
Tobacco Tobacco seed cake, leaf scrap and stalk

Meat

Fish, river &
marile waste
Timber mills  Sawduse, wood shavings and chips

Paper making  Faper pulp and effluent
=

palm kernels (and fruit husks and sealks), rape, sesame and sunflower

Boties, hair, hotn, hooves, feather, blood, leather, fat, stomach contents and liquid wastes

Fisli wastes, surplus and inedible fish, prawn shells, frogs and seaweed

natural butk material such as grass or hay with a supplement
feed to provide the protein, vitaning, winerals and certain
atnino-acids that may not be present in the bulk feed.

Generally, agriculiural wastes are able to provide some or
all of the burlk feed elements, but ofrent cannot be substituted
for the supplement, Soine auimals such as ruminants have
very siniple feed requirenients and can eat material witlt a
high celtulose cottent such as straw, seaweed, or even twigs,
Orthers like pigs, have a simple digestive systein that cannot
manage straws or Jow quality foddes, bt have powerful
appetites and eat alinost any food wastes.

Waste for nge as feed 1may require wore processing than
simply scpararing edible components from inedible. Table
6 shows feed values for varions wastes including marerials
cotnmonty used for animal feeds such as blood meal (dried
blood from slaughterhiouses), fish solubles (a by-product of
thie fish meal industry} aud brewers’ grains {the residue from
bieer production). Furtlier derails are given in FAO Animal
Production and Healch Series No.12 “Tropical Feeds”

{1981).

The table shows that the main value of aniimal manres is
prorein and to a lesser extent minerals. Cereal wastes have
Jow protein values, Hulls and husks have licde value excepr
as fibre. Most of the wastes shown, other than the manures,
straw and hinsks, have a considerable energy value, indicared

Iy a high value of TDN (Total Digestille Nutrients). Wastes
from protein food industries {fish, meat ctc) have very high
animal feed values.

1.2.2 Agro-industrial residues

Agro-industrial wastes dare an important cobiponetlr in
livestocl feed all over the world.

O1l sced: Qit cukes (remaining after oil pressing) and oil
extracted meal {left afrer solvent extraction of oil) are rich
i protein ad energy and mixed witl bran from whear and
rice milling and can be used for direct feeding. Other oil
seed residues such as casvor beatt, rubberseed cake, Balanites
aegypiiaca seed cake, all of which are locally significaut,
require simiple detoxification processes before nse (UNIDO

1993).

Coffee: Factories that make soluble coffee dump the used
grouttds. These contain 22% o 27% oil and, when dried,
can be fed to catrde as an energy source. Their proteiu value
is very low as the amino-acids are danaged by hearing during
the process, bur like most factory wastes, they avise reguiarly
on a large scale and would be of value o Jocal cattle owners.

Peanut: Peanur husks are used as poulery litcer and
afrerwards as raiinant feed, in small amounes only as the
high filre content (60%) iuterferes with digesrion.

PAGED
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Citrus: Pulp left after the extraction of lemon juice is
favoured by carde and can become a main energy source,
but high levels reduce milk outpue, Some countries have
highly seasonal snpply. The high water content makes it
too heavy to transport. If left, ir ferments, becomes sour
and attracts flies, but ir can be made into silage with grass
or hay, or dried after the addizion of 0.5% limestone. If
pressed before dryving, the press liguor is ‘citrus molasses’
which can be used like sugar molasses. [f the seeds are left
in, dried citrus pulp can become toxic o pigs and pouloy.

Pineapple: During pineapple canning, up o 60% of the
fruic is wasted. These wastes are good feed for ruminanes

and older pigs, but not for poultry. They can be fed fresh or
after about three days sun drying, or the juice can be
concentrated into a syrup and a mixture of 80% with 20%
prozein supplement fed to pigs.

Cocoat Pods are rich in potassium and are normally left in
the field to fertilise the cocoa trees. They vot very quickly,
but can be fed to cattle or pigs replacing of up to 35% of
the maize rarion without reducing weight gain, if they are
dried and ground.

Banana: Rejecr bananas are relished by cattle, but are less
liked by sheep and goats. Pigs will eat ripe frait, but get

Table 6. Value of wastes as animal feeds, % (adapted from Vogler, undated)

Protein  Fibre
Animal Cattle excreta 17 0
wastes Poulery excreta 29 15
Slaughter-  Meatmeal 59 2
house Meat and bonemeal 45 3
wastes Bloadmeal 80 l
Hydrolysed pig hair 97 0
Poultry feather meal 91 0.4
Dairy Dried whey i2 0
Tannery Scrapings 85 0
Tanned scraps 71 0
Fish Fish meal 72 1
processing  Condensed fish salubles 40 5
Cereals Wheat straw 3 54
Wheat mill waste 18 7
Rice mill waste 8 37
Maize cobs Z 37
Dry spent brewers’ grains 19 18
Hulls and  Rice 4 30
husks Qats 4 37
Cattonseed 14 30
Sugar Bagasse A 45
Cane tops 6 35
Molasses 4 C
Fruit Citrus pulp 7 13
Banana fruit 5 2
“Stem” of banana tree 2 20
Pineapple bran 4 16
Pineapple leaves 9 23
Dried Chlorella vulgaris 45 9
algae Scenedesmus obliquats 56 7

Far  TDN®  Calcium  Phosphorus
Y ! 1.6 0.7
2 ! 7.8 2.2
7 66 7.6 4.0
8 63 1.0 5.9
l 60 0.3 0.2
z ! 0.3 0.1
4 a3 0.4 0.5
1 79 0.9 0.6

10 ! 0
7 ! 0 Y
4 72 7.0 3.5
6 76 0.4 1.2
l 36 ¢ ¢
4 81 0.2 0.9
8 63 0.1 04
| 42 O.1 0.4
5 73 0.3 0.7
| 24 0.2 0.1
| 37 0.2 0.2
9 47 0.1 C.1
l 45 ¢ 0
2 64 0 0
0 54 0.7 0.1
3 4 1.4 0.1
1 63 Y 0
2 65 1.2 0.2
| 72 0.3 C.1
2 75 0 0
8 ! 0 0

14 ! 0 0

“Ruminant TDN = Total Digestible Nutrients - a measure of the energy value from all sources
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diarrthoea if overfed. Dehydrated flonr of green bananas can
be used insteact of up to 1% of the grain portion of poultry
feed. Bananas have a low sodinm content and may therefore
be sprinkled with salt. Because they are rich in starch,
hananas can easily provide available encrgy to animals being
fed on urea.

Cashew: Cashew fruit are rich in sngar and can replace
some grain in poultry or ruminant rations.

Tomato: Residues froin romate pulping are protein-rich
(14%), contain 41% TDN and are popular with goars.

Single celled protein: SCP grown on organic wastes can he
used as a protein rich animal feed.

1.2.3 Animal wastes

Animal wastes ean also be used o provide animal feed.

Cows: Cow dung has a1 moderate protein content and
contains certain minerats. In highly intensive farming in
urban areas far from arable bind in industrialised countries,
animal feeds are prodiced with high percentages of cow
dung, for example in the USA. “Wastelage”, a silage of 57%
cattle waste and 43% gronnd hay is reported to give good
resilts when fed to breeding cattle in mixtures of eqnal
amounts of wastelage and hay (Vogler, nndated). No
processing or sterilisation is carried ont. Other more
sophisticated processes for extracting protein-rich subsrances
from cow dung exist, but there are concerns about the risks
of diseases and drug residues heing passed to the feeding
animals,

Poultry: Poultry manure has the highest nntrient value of
any animal excrera. [t is high in nitrogen, but only 20-30%
of this is in the form of protein. A large part is uric acid
which can be converted into protein by ruminant animals.
It is rich in minerals, parricudarly phosphates, and provides
the elements necessary for growth and health, making a
mineral feed supplement nnnecessary, with rhe possible
exception of sodinm which can be provided by a salt lick.
However, its energy value is tow.

Poultry feathers have a high protein content, but rot if left
raw. To avoid this they may he hydrolysed by cooking ac
130°C at tow pressure for 2.5 h, followed by drying and
grinding. Cartle will eat meal intreduced gradually to
replace up to 10% of protein concentrates in feed, but amino
acils must be added. Other animals will accept up to 5%.

Tannery waste: There has heen little success in using
annery wastes for animal feeds; the proteins lack certain
essential amino acids and, unlike ponitry feathers, animal
hair is resistant to hydrolysis. However tanned trimmings
can be hydrolysed and up to 8% fed to poultry and 3% fed
o pigs.

1.2.4 Municipal wastes

Municipal refuse is a significant source of food for nrhan
livestock in many developing conntries as anyone who has
seen chickens, goats and cattle rooting through piles of refuse
can testify. Livestock rearing rends to be practised as part of
asurvival strategy by urban people in developing countries,
but in some cases it may occur on a large scale. Khatals
{feedlots) are an important feature of many Indian cities
and prochice milk for the urban popuiation. A significant
proportion of kharat animals’ diet is urban waste {Blore pers.
comm. ).

Cellulose from newspapers can be used as a substitute for
more conventional sonrees such as straw. The digestibilicy
depends on the tignin content of the paper. Magazines and
office paper are better than newspaper and can be introduced
as up to 24% of the diet withour compromising yields {Silva
1993). Lead may prove a problem, but newspaper could
replace straw as bedding for livestock.

Sitva (1993) reports the use of municipal solid waste as
animal feed in the United Stares. Afrer metals, glass and
plastics were removed the waste was chopped and left for
bacterial digestion for 5 days before dehydration and the
addition of urea as a binding agenr to aid pelletising.

Refuse from fruit and vegetable markets can alse be fed np
to 1% of live weight. In Hong Kong in the late 19705,
130,000 © of food wastes from restanrants and food processing
indnstries were collected annually to feed pigs (Newcombe

1977).

Cne in three street scavengers in Quito, Ecuador specialises
in food waste collection to feed pigs in the city and 50% of
dump scavengers in Cuenca look for food for cows, lambs
and guinea pigs (Fundacion Natura 1993, cited in Mougeot
1994b). In Cairo, the zabaline collect houschold rubbish
and feed the organic fraction to pigs.

1.2.5 Constraints to the use of waste for feed

Using wastes as an animal feed is not entirely withont
problems. It may be difficnit to ensure that the waste forms
part of a batanced diet, particufarly as the supply is often
seasonal and otherwise variable. Waste may be anti-
nntritional or toxic and there is a risk that diseases may be
introcluced into the food chain. These constraints, which
are specific to wagtes as animal feed, are discussed in Section
2.11.8 along with orher constraints, which apply to waste
management and use in general throughont Chaprer 2.
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1.3 Solid waste as soil improver

1.3.1 Introduction

Organic materials are generatly nutrient rich in comparison
with soil {Table 7} thus they can help improve the nutrient
status of soils. The material is generally applied either by
incerporation inro the soil during cultivation, or to the
growing crops as a mulch. In addition to nutrient provision,
organic marter improves bielogical activity and soil
structure. This results in increased water infileration of the
soil, increased water holding capacity, improved aeration
and permeability, soil agaregation and reoting depth, and
decreased seil crusting, bulk density and runoff. Adding
organic matter as a muleh helps retain soil moisture, control
erosion and reduce weed growth.

These is considerable variation in the nntrient content of
wastes from citics. The values are probably most similar to
the values for plant residues or compasted material cited in
Table 7, althongh Gaur & Verma (1991) state that Indian
municipal wastes contain 0.5% nitrogen, 0.3% phaosphorus
and 0.3% potassium.

Casale et al (1995) looked at a variety of wastes including
garden waste, rice hulls and shredded paper and found chat
a number of the wastes were not only useful as mulches, but
were also effective delivery agents for microbiat biocontrols
of pests of citrus in California.

Compost and compost leachates also have an inhibitory
effect on soil borne plant pathogens (Lumsden et al 1983)
either by enabling the planr to overcome subclinical root
damage, or more probably by allowing increased microbial
activity to take place in the rhizosphere and soil zone around
the plants, thereby exhibiting a microfloral antagonism to
the growth of pathogens.

Compeosted sewage siudge has been nsed in USA to suppress
damping-off of peas and corton (Lewis et al 1992). Luinsden
et al (1983) report that soil incorporation of composted
municipal sludge was found te contral Aphanomyces root
rot of pea, Rhizoctonia root rot of bean, cotron and radish,
Fusarium wilt of cucumber and Phytophthora crown rot of
pepper. Reduction of nematode populations as a result of
compost incorporation have also been reported {Gallardo-

Lara & Nogales 1987, Hunt ev al 1973).

1.3.2 Processing

Wastes for nse as soil improvers are often processed before
use, most coinmonly by composting, a process suitable for
all arganic wastes. Composting is labour intensive and the
process itself results in significant nutrient losses (Table 8),
However, there are a number of good reasons for composting
organic wastes before using them.

Waste sanitation: Composting is a natural process whereby
micro-organisms break down organic materials. During
composting heat rends to be generated, the composting pile
reaching temperatures of up to 70°C. As the temperature
increases, the microflora changes froin being dominated by
mesophilic types to being dominated by thermophiles. The
high temperatures achieved during compeosting are very
important for sanitising compost as they kill off almaost all
pathogens including the exceedingly resilient helminth eggs
found in human nightsoil. Weed seeds are also generally
destroyed.

Reduction in waste volume, weight and water content:
During composting some of the waste is lost as carbon
dioxide, leading te a reduction in volume and weight.
Composting also reduces the water content and provides a
stahilised product. Jain (1994) reported that spraying one
tonne of rubbish with a solution of micro-organisms reduced
the waste to 250 kg of compost.

Table 7. Nutrient values of natural fertilisers {Cross & Strauss 1985).

Nutrient content as a percentage of dry matter

Material Toral N P.O, K0
Human facces 57 354 1.2.5
Human urine 15-19 2.5-5 345
Nightsoil (facces, urine and ablution water) 10.4-13.1 2.7-5.1 2.1-3.5
Fresh cattle manure 0.3-1.9 0.1-0.7 0.3-1.2
Pig manure 4-6 3-4 2.5-3
Plant residues [-11 05-2.8 1.1-11

Digested biogas sludge 1.5 1.1 1.1
Composted material 0.4-3.6 0.3-3.5
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Composting may be preferred ro alternative disposal
strategies for organic materials for a number of reasons, even
if the product is not to be used for agricuiture. Line (1992)
writes about the nianagement of fish wastes by composting
with bark. Composting, which considerably reduces waste
volume and weight, was preferred to conversion into fish
meal, surface mutching, or burial in trenches, This was not
onty because of the difficulty of transporting the raw wastes,
bue also because of the tack of suitable sites for landfiit
disposal of waste. The latrer is ant important issue wortdwide
and wilt mean rhat in the future as much organic waste as
possibie wilt have to be coniposted before safe dispersal on
the tnd surface.

Composting enables storage of wastes: Once the waste has
been composred and stabilised, it can be srored, attowing
for optinum timiug of application in agriculture.

Compost alters the composition of waste making it morc
suitable for agricultural use and pleasant to handle: Garcin
et al (1992) showed that fresh sewage studge and nwban
waste had severety inhibitory effects on seed germinarion.
Phytotoxicity, in addition to that caused by ammonia, was
due to excessive etectrical conductiviry, phenolics and low
molecutar weight organic ucids. Reduction in crop growth
can also be caused by nitrogen iminobilisation thac may
occur when fresh organic marerial that contains relatively
low amonunts of nitrogen, siuch as rice straw or sawdust, is
applied tosoils. Conversely, the Tocking up’ of highty sotuble
nitrogen compoeunds during conmposting can overcome
probieins associated with groundwater contaminarion from
the use of fresh sturries and concentrated fertilisers, as well
as potential ammonia ‘burning’ of crops. Ensuring that the
comnpost is thoroughly stabitised also means that anaerobic
conditions around the ptant roots are avoided.

Also, composting produces an odourless crumbiy naserial,
which is more pleasant co handle rhan raw waste, and avoids
any nuisance complaints when applying to tand.

Acrobic composting

The aerobic composting process depends on a number of
factors inctuding:

o  Moisture tevel of rhe substrate (<40% and microbial
activity stows, >70% and anacrobic processes dominare)

s Environmental temperature

o Aecration of the substrate (substrates which permir
diffusion of air witl be broken down more rapidiy)

¢ Physicat form of the substrate. Substrates that are formed
of smatier particles will tend to be broken down more
rapidty than those formed of larger particles

¢ N ratio of the substrate

If the organic material is exceedingly carbon rich, nitrogen
deficiency during microbiat degradation will result and stow
down the process. A heap of sawdust with a C:N ratio in
excess of 150 will take a very long time ro become converted

to huinus and some judicious mixing of the substrate with a
nitrogen rich marerial is desirable. With a nitrogen rich
stibstrace there is no nugrienr limiravion during composting,
but loss of nitrogen as ammonia witl be considerable, as
can be seen from the figures in Table 8.

Large scale acrobic composting systems tend to come in
three main types.

*» Windrows where material is stacked in long piles
generatty up to 2-3 1 tall and then turned eon a regular
basis to ensure adequate acration of the substrare and
that material which has been on the ourside of the pite
experiences the pathogen-killing temperazures achieved
within the pile. Turning is done by hand or mechanicaily.

o Suricaerated piles. These can be ade eirher by inserting
tengths of tubing such as bamboeo inre the pile so that aix
may penetrate, or by forced aeration using rubing and air
prmps.

¢ In-vessel systemns. These provide the greatest control of
the composting enviromment restdting in the most rapid
compost formation, but are rarely suicabte for targe scale
operations in devetoping countries as they are
technotogicatty complex and expensive {Finstein 1992).

Components of & composting ptant inay include magnets
to remove metals, hammer mitls or shredders to reduce the
size of marerials before composting and sieves to remove
inorganic, or targe itewns that have not humified during the
composting process.

Anaerobic decomposition

Anaerobic decomposition systems are not much used
atthoughy Weixu (1991) mentions warerlogged composting
of manure in China. Production of biogas by microbial
digestion is effectively anaerobic decomposition albeit of a
more or tess liquid snbstrare. Generally, acrobic systems are
favoured as they can be achieved using low technology, are
easicr to manage, reduce the waste to a stabilised form more
guickly and result in pathogen kill throngh high
teaperatures, However, in reality much composting is done
under a contbination of aerobic and anaerobic conditions.
Mixed wastes composted in pits or nnturned piles typically
start off under aerobic conditions then, become anacrobic
as the initial break-down takes place and tie material
cotlapses and compacts.

Vermicomposting

This is not, technically, composting, as micro-organisms
are 1ot involved, but rather digestion by worns. Worms,
stich as the common red carthworm, Eisenia foetida, have
the ability to improve arganic wastes, They car the waste
and produce a cast which has a conrent of uitrogen,
phosphorus and magnesivm severat rimes thar of normal
soil. Worms reprodince themsetves in the process. One worm
cart, in theory, produce 1000 offspring in a year, leading to
a million the next year and so on. They breed in
temperatures from 5°C o 30 or 35°C and, dricd, rhey have
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Table 8.
Nitrogen losses during composting of organic

wastes {Witter & Lopez-Real 1987).

Material % Nitrogen loss
Sewage sludge and straw 8-21
Nightsoil 26-19
Sewage shidge and woodchips 4.21
Manure and bark 2-10

Pig slurry and straw 27-41
Fish and bark 8-16

a 60% protein content, comparable to fish meal.
Vennicomposting is becoming increasingly widespread and
important. Cuba produced 70,000 ¢ of vermicompost in 1993
{(Werner 1994),

1.3.3 Examples of composting

The composting initiatives that tend to be reported in the
literarire ase the large-scale, single plant initiatives, rather
than highly decentralised low technology programmes. For
large plants the emphasis in the licerature tends to be on
the rechnology whereas for small scale programmes the
emphasis tends to be on social aspects of composting and
compost utilisation.

Projects to encourage composting in industrialised conntries
tend to rely on advanced rechnology and operate on a very
large scale. Plants in Spain, Germany and Malta are
attempting annual production of 10-20,000 ¢ of compost,
for example using wasre from 200,000 people in Valencia
ro produce 11,500 t annnally (Warmer 1995h).

In Acern, Ghana, GTZ supported the implementation of
three composting plants with the idea that smaller planrs
would be less susceprible to distuption caused by shortages
of fuel, spare parts or strikes {Schweitzer 1989). There were
difficulties when the sites were initially chosen. It was not
known how much waste would be collected from the districr
that each plant served. Subsequently, one plant turned onr
to be too small and another too far away from the district it
served. In these plants, non-compostables were removed
manually from a conveyor belt and the composr was
prepared in weekly batches in windrows which were turned
once they had passed the maximnm temperatmre. However,
this cansed the compost to dey out and it had ro be warered,
particularly during the extended dry periods. Once the
compost had srabilised it was screened using a manually
operated dnun,

In Jakarra, a system of waste pickers and tradess operates.
Furedy (1992) and Simpson (1993} describe an initiative
supported by the municipality to promote composring of

the organic residues by private individnals rather than
government officials. The project concentrated on working
with wasre traders as they were already established and were
familiar with the waste stream. They had yards available
for composting and had the entrepreneurial skills to crade
the compost once it was produced. The project concentraced
on developing a rapid composting process that would enable
rapid rhroughpur of waste thus muking the initiative
profitable, could fir on a constrained site, utilised indigenous
materials, was labour intensive, could operate in a densely
popitlated enviropment with a minimum of nuisance, and
yet resulted in 4 high quality soil amendment product. Each
unit wonld process 3 t of waste per day and if each of the
city's 200 adiministzative inits had a plant, 10% of the city's
waste conld be processed. The project provided start up
grants, technical assistance, worker training and guaranteed
purchase arrangements for the compaost. Jakarta city council
provided collection and delivery of fresh rubbish and
removal of non-compostable residues. This project however,
seemed not to address one of the fundamental problems,
namely, how to effectively distribure the compost to farmers
whe wish to make use of it, There were insufficient resonrces
to investigate and establish narkets for rhe compost and
there was no attempt to monitor sociil acceprability of
composting among neighbours. A subsequent dociment
repotts that conpost from these planrs was being sold to
farmers, nurseties, goif conrses, landscapers, shrimp and fish
farmers, home gardeners and growers and users of potted
plants for homes and offices.

In Cameroon (Nenikam ecal 1993}, composting was carried
out in an area where minicipal rubbish collection did not
rake place because the streets were oo nartow for the
collection vehicles, The climate was favourable and suitable
land was available, making composting an appropriate
alternarive ro burning the rubbish, particularly as the waste
tended to be mainly organic with a high moisture content.
Other small scale initiatives have been reporred in Ecuador
{Landin 1994), Argentina (Seifert 1992), Guadeloupe
{Clairon 1979) and India {Rosario 1994} The projects in

Ecuador and India have promoted vermicomposting.

In Villa Giardina, Argentina, a town of 3,000 people decided
to recycle their organic rubbish. People were provided with
bins for organic waste which was collecred and transported
to the composting site 4 km from town (Sicfert 1992). This
is an unusnal sizuation in rhat there was no shortage of space
or trangport and the cominunity involved was small.

Proyecto Biomasa is an Ausrrian government supported
initiative that has promoted sustainable technologies in
Nicaragun since 1993. Masaya is a town of 70,000 people
where 75% of the town’s organic waste is composted in
windrows under tarpaulins after collection and hand sorting
on conveyor belts. The plant produces about 700 kg per
day of semi-dry compost. The compost is sold, but the
income from sales does not cover the costs of production
(Foidl, pers. comm.).
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1.3.4 Examples of use of solid wastes as a soil
improver

Asia:

Siemonsma & Piluek (1993) report that in South East Asia
atl types of mamre and many types of organic waste material
are used for vegerable production. Where substances low
in nitregen such as rice straw are vsed nitrogen rich wastes
are also added to compensate. Some crops such as amaranth
can tolerate the very high nitrogen levels thar are found in
taw town waste that might burn other crops. The marerial
is generally applied to the growing crops as a mulch.

Farmers near Ho Chi Minh City in Viernam fertilised their
vegetable crops with crganic wastes, {Jansen et al 1995},
City refuse {not including sewage) formed 80% of these
applications, the remainder coming from composted plant
residues. Coconut and nibber cellulose were alse applied.
Farmers growing only vegetables used wuch higher fevels
of organic inputs than farmers growing grain crops as well.

In India, Ramaswami & Kothandaraman (1991) found that
coir pith applied at 15 t/ha enhanced the growth and yield
of sorghurm under rainfed conditions.

Honghai & Veeman (undaced) described a system in China
whereby crop organic wastes are nsed as livesrock fodder,
the manure is used to prodhice biogas from which the effluent
isused ag fertitiser on mushroom crops. Once the mushrooms
have been picked their mycelia contimie to break down
the substrate which can finally be used as compost. Sich a
system could be used to integrate urban waste inte an
agricultural system.

Yeung {(1986) describes a government initiative in Lae,
Papua New Ghinea where locally produced compost is used
on allotment gardens. Compost production in Lae is
intended as a method both to recycle solid wastes for
nuttients and te reduce landfill. After removal of non-
biodegradables, city waste is combined with manure and
composted. What is not used on city gardens is sold ro
cormercial farmers. The intention is to eventally prodruce
11,000 t of compost per year and reduce the amount of
waste poing to landfill by 10%.

Africa:

Probably the best docwmented system of non-municipal
waste collecrion and tecyeling is that operated by the
zabaline in Cairo. A group of Coprtic Christians in a
predominantly Musltim country, they have migrated to Cairo
from Upper Egypt since 1945. Their traditional activity was
pig raising, which they continued in Cairo. They collect
household nibhish in donkey carts. The rubbish ts sorted by
the women and chitdren of the famity. Organic marterials
are fed to the pigs while other wastes are sold to middlemen
or specialist dealers. Pig manure is collected periodicalty
from the pens and taken to the composting plant where it
is mixed with scteened domestic waste and composted. It is

already fairly well decayed and only needs te be composted
for a couple of weeks hefore being sold to farmers.

A case is reporsed from Senegal near the town of Thies
(Haramata 1991) where farmers applied untreated
hausehold rubbish from the town's waste tips t their land,
not bothering to remove the plastic and other non-
biodegradable items. Haramata found the optimum dose
for application of sown refuse to farmland was 100 tf/ha which
increased preductivity of sorghum fourfold compared wich
untreated land.

Lewceock (1994) and Mortimore (1993) describe a similar
practice in Kano, Nigeria. Here the use of urban waste ig
tong established, presumably becaise the area around Kano
and other northern Nigerian cities has been heavity
cultivated, possibly for centuries. The farmers here are using
the waste that acoumulates on the streets of Kano. Much of
this i organic househoeld refuse, bt there are also significant
amounts of other materials such as stones from street
sweeping, hurran faecal material from the clearance of open
sewers and manure from the livestock kept by city residents.
Application rates here for whan waste are 3.25 - 5 t/ha/
year.

Lardineis & van de Khimdert {1994a) report from Mali,
where poor seils and an arid climate mean that fertilisers
are required during the short growing season. Chemical
fertilisers are imported and so are expensive and in short
supply. Waste is simply dumped and left before being sieved
to extract the compost. The reliable supply, low selling price
and praven quality of the compost as a seil conditioner have
created a high demand from vegetabic farmers, especially
just hefore the April-hine planting season.

Owusu-Bennoah & Visker (1994) report that farmers in
Ghana are increasingly making use of erganic alternatives
to chemical fertilisers such as slaughterhonse waste products
and cotton refuse. Farmers also use palm oil processing by-
products. The palm oil companieswutilise much of the waste,
but the surphys is available to faruers who must pay handling
and transport costs. The potassium rich ash produced by
burning the oil palm fibres is also in demand.

1.3.5 Constraints

Paossible constraints to the management and utilisation of
solid wasre materials, which are discussed in more detail in
Chapter 2, include:

o Need for further processing

e Additinnal separation and collection procedures may be
required

e Supply may be seasonal

o Producing comapost is labour intensive and expensive

e Transport difficulties and expense

e Organic wastes have a low value

e There may be limited markets
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o There ave difficulties in matching supply of raw materials
aud processitlg capacity

e The production and use of organic wastes may be
considered obuoxious
Climatic conditions can affect processing

Cost and availability of land for processing
s Variability of quality
Contaminationftoxicity

Phyrotoxicity

Nitrogen iinmobilisation

1.4 Nightsoil and sewage as soil improvers

Rather better docinnented than the use of town refuse as a
soil nutrient source for agriculture, is the use of nightsoil in
Chinga, altheugh the practice also occurs in Korea, Japan,
Taiwan, Thailand aud India (Cross & Stranss 1985).
Nighitsoil is the terin used for the mixture of lunnan facces
and urine that accumulates in waterless sauitation systemns
in much of the world. Seventy percent of nrhan dwellers in
developing countries are not on a sewerage systen.
Generally urhan dwellers have access to pit latrines (80%
in Dar es Salaam, Muller & Rijasburger 1994) that provide
safe storage for faccal waterial uudess they overflow, when
contaminated leachate can cause diavthoeal Jdiscases.

In Chiina, families collect nightseil in buckets. In Shanghai
ouly 13% of the population has access to waterborne
sewerage (Robson 1991). Ninety percent of the city's
nightsoil is collected, 20% of this is dumped untreated into
rivers. Vacuun pinups remove >8,000 t of nightsoil and
seepage each day from public toilets, septic tauks and
nightsoil dumnping stations. At night the wastes are shipped
by river and canal in sealed barges to depots on the outskirts
of the city. Here the wastes are stored in tanks for 10-30
days before beiug made available to farmers.

Altematively the nightsoil is processed by co-composting
with domestic wastes i1 windrows which kills pathogens.
However, enly relatively small guantities of nightsoil can
be wreated this way. Dry ferriliser is also produced by
dewatering, mixing with waste or straw and leaving to
ferinent anaerobically for about 3 weeks before drying,
granuiating and packing {Be Ling 1994). This dry fertiliser
is popular because it is easy to transport and handle.

fu the period 1950-1966, 70-90% of all nighrsoil
produced in Chinese cities aud villages was used in
agricultre. At the time this amounted to approximately
a third of thie nurrients supplied for cultivation (Chao
1970). Application rates of 60-100 t/hafyear of farm
compost and 20-30 tfha of nightsoil are reported from
China, although this figure seems rather high (MeGarry
1976). Proper storage aud careful treatiwent and
application of nightseil to fields is necessary to minimise
nirrogen losses. The importance of nightsoil as an
esseutial and easily accessible commodity, especially for
poor farniers aud smailliolders, has been docinnented by

McGarry (1976), Briscoe (1978) and Djadjadiredja et
al (1979).

McGarry (1976) cites a survey by dhie University of Nauking
1929-1933 which formd that farmers were using more than
7 t/ha of nightseil and manure combined. He reports
increased use in the 1950s becanse of government canipaigns
to encourage nightsoil collection. The collection rate
increased from 70% in 1952 to 90% in 1966 (Chao 1970).
In China, chiemical fertilisers were unknown before the
19605, but more receutly Bo Ling (1994) lias estimated that
30% of nightsoil and 2.6% of city refuse are used in Chinese
agriculture, containing 800 million kg nitrogen, 400 million
kg phosphorus and 500 millioun kg potassium; equivalent to
4 million 1 of inorganic ferrilisers although this equates o
only 4% of the inorganic fertilisers currently used.

fu Japan too there is a madition of using sewage compost as
fertiliser (Ishida 1989). Noguchi & Iro (1992) report the
production of fertiliser from digested sladge. The sludge is
mixed with calcium carbonate and rthen dried ac 900°C
before shiredding and packaging. The production is fairly
small, but the fertiliser is readily used by farmers and
gardeners.

The use of nightsoil for fertiliser is not common in Africa,
although isolated cases do exist. Iu Ghana, Owisi-Bennoah
& Visker (1994) report that faners were hijacking septic
tank emptying vehicles in order to release the uightsoil over
their fields. This is in spite of a sorong taditional aversion
to using human faecal material. Cue reason why nightsoil
is not utilised lies in the difficulty of obtainiug it from pit
latrines, although new mannal vacunum operated pit
ewmptying apparatus should change this (Muller &
Rijusburger 1994).

1.5 Waste as fuel

In many parts of the world waste pickers scour rubbish to
collect wood aud charcoal for fuel. There has been a lot of
work on the use of agricultural wastes as fuels for biogas
digesters. The gas from biodigesters can be nsed for cooking,
licating, lighting or generating electricity.

Urban wastes are more likely to be used for fuel as parc of
integrated agro-industrial enterprises, such as the scheme
near Beifing described by Houghai & Veeman (undated),
where methane is generated from pig slurey which is then
cither dried for use as fertiliser, or to feed pigs, fonuing up
to 20% of their diet. In Dakar, hiousehold and abattoir wastes
are used to provide power for the slanghterhouse in the
mornings and refrigeration in the aftermoons (Farinet 1995).

In India {Jain 1994) and Dar es Salaam (Lopez-Real 1995)
there are scliemes to convert household, market, hotel,
abattoir, feather working and pulp and paper wastes
iuto biogas.
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In the Republic of Cape Verde (Sandys-Winsch & Harris
1994) an Awstrian-funded pig and horticuiture imis used
tlie pig waste to gencrate biogas and utitised the solid wasre
for horricultiral crops. The biogas was used o gencrate
electricity to power the meat processing aud refrigeration
plans, staff liousing and a local village.

Wood & Lim (1989) suggest that the effluent from a 60 £/l
palin oil mill would be sufficient to produce 10,000 | diesel
equivalent as biogas per day.

Wells (1995) mentions that in Brazil, coconut shells and
fibres are burnt to generate steam for elecrricicy. The ash
resichie is rich in potassiin and nsed as fertiliser.

In indnstrialised counrries there are many schemes ro
generate power through the incineration of waste. I the
United Kingdom a nmnber of facilities exist that burn
materials snch as straw and chiclen manure to generate
electricity that is fed into the national grid. However, such
schemes are highly capital intensive and are generally not
appropriate for countries with less developed ccanomies.

There appears to have been limited work on the use of rhan
waste as fuel for a number of reasons:

o Lack of space for digesters

e The problem of disposing of the solid residue after
digestion

e Urban areas are generally well supplied with power

o Individuals in rban areas tend not to generate waste on
the same scale as farmers do and there inay be insufficient
waste to izake a biodigester economically viable

o It is unrealistic to transport urban waste to rural arcas
where biogas production is inost needed when the rural
farmers probably have sufficient organic residues to
produce biogas if they wishied to do so

1.6 Waste for aquaculture

Excreta provides organic matrer which bacteria can degrade.
This decomposition results in the release of carbon dioxide,
nitrogen and phosphorus which are necessary for algal
arowth. Algac and their direct predators such as rotifers
and crustaceans serve as fish food. MeGarry (1976) suggests
thar nighwsaoil also acts as a direct fish food as fish have
been observed ro gather at the input point and feed on fresh
nightsoil.

The use of human and animal ianure for fish prodiction is
tuportant in East Asia and efsewhere. The most commonly
enlrured fish are varions types of carp and Tilapia which are
grown either in mone- or polyculture, Coinmrean (1987)
writiig ou wastewater aquacubture in Lima, Peru reported
that while carp and Tilapia were snccessful, prawns conld
not tolerate the large fluctuarions in ammonia content of
the water that resulted from fresh influxes of wastewarer.

Fish provides half the annual inrake of protein in soine parts
of Asia. Yeung (1986) reports thar 50% of the food fish in
China comes from waste-fed ponds and in sowe cities more
than 90% of the fish does. [ Asia, fish farned in rhis way
reach a marketable size of 600-800 g in 4-6 months. [n
Tatwan productivities of 132 kg fish/hafyear are reported
from unfertilised ponds compared wirly 619 kg/hafyear for
fertilised ponds. Productivities of more than ! r/hafyear are
reported by McGarry (1976) for waste fertitised ponds.

The systems for aquaculture vary. Pig dung is nsed for feeding
fish in S.E. Asia. The pig pen may be built over the fish
lagoon and the dung shnply swept through the slats. Each
100 kg of pig manure produces 3-5 kg of carp flesh {Vogler
pers. comm.). fu Java thousands of small fartly owned ponds
exist which have latrines built direetly over them.

In other systems sewage treatinent ponds are used ro produce
duckweed which is then fed to fisl, Dasgupea (1994)
describes the system operating in Calentta which consists
of 4000 ha of waste-fed ponds. The area was formerly
approximately twice that amount, but many ponds have
been fost to city expansion. Here, fish are grown in 1-2 m
deep tanks. Liquid effluent is introduced to a depth of 90-
180 em, the pH is controlled by adding slaked lime and the
water is left to stand for a few days before fish fry are
introduced. The efflnent is already fairly dilute and has an
organic loading rare corresponding o thar of matsration
ponds in warm climates {Srrauss 1995), Warter hiyacinth
Eichornia crassipes is then introdneed o provide shade for
the fish, to provide a food source for plankron, to provide
protection from wave dminage to the embankments, o
absorh heavy metals and to produce oxygen. Generally,
further effluent water is introduced, via a small rank where
it is altowed to settle for a few days before being introduced
inte the main rank. Several species of fish are introduced.
Ducks are also kept to help control weed growth and the
meat aid eggs are sold. The anuual yield for fish is reported
as 2,500 leg/hafyear which scerus remarkably high. The
system lias been operating for abont 60 years, cmploys 4,000
families and produces about 10% of the fish consumed in
Calcutea,

Rabson (1991} describes a system introduced in Bangladesly,
where Lemna duckweed is cultivated. This plant conrains
35-50% protein as a proportion of dry weight {comparable
o sovabeans), and at 15-30°C can double irs weight every
two days. The waste from 100 people is sufficicnt to cultivare
0.25 ha of duckweed. Dickweed feeding can reportedly
produce 10 ¢ fish/hafyear because the ducloweed is eaten as
soon as 1t is introduced ro the fish pond and does not
compete with the fish for oxygen. When duckweed ts used
as a comporent of waste stabilisation ponds, effluenr is
rendered potable after 20 days. Duckweed is probably a
berter component of aquacultire systems than water
hyacinth as it contains relatively less fibre and more protein
and is less sensitive to cold than warer lyacinth.
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1.7 Waste for the cultivation of lower
organisins

Poppe & Hofte (1995) srudied the potential of different kinds
of wastes to serve as substrates for o variewy of edible species
of mushrooms. Of 40 differenr subsrrates, inchiding sugar came
hagasse, chicken manure, brewery swill, chicken {feather meal,
water hyacinth and shredded paper, they found that maize
cobs were the hest medium for cultivaring Plewrotus sp. and
sawdust for growing shiicake, bur 30 of the substrates could
be used directly for mushroom culrure. From each kg of dry
cellulosic/ligneons waste it is possible to produce one kg of
fresh mushrooms,

Various wastes can serve as sibsrares for single celled provein
(SCP), using species of yeast and algae. SCP is grown on an
industrial scale on substrates such as various petrolewn
producrs and spenr sulphite ligniors lefr after paper pulping.
However, it is possible to grow SCP on almost any organic,
liquid wasre such as effluent from palm oil mills, sisal de-
fibring plants, rum discillery effluents and corn and pea
canmeries. SCP is already used as a protein animal feed. Ir
can be gown exiremnely fast, requires low capiral investmenrt
and simple conrral of producrion.

Honghai & Veeman (undared) describe a system in China
where mnshrooms are grown on the efffuenc fron mamre-
based biogas producrion.

1.8 Waste water for irrigation

1.8.1 Introduction

The nse of wastewater for irrigaring agrienlrural crops is
becoming increasingly important. Smir & Nasy (1992) state
that 10% of rhe world’s population ears food produced on
wastewnter. The use of wastewarer for irrigarion has
increased because of increasing competition for freshwater
resources by agricnirure, indusny, and hiwnan consumption
{Strauss 1988). This increased use is facilitared by a growing
recognition by planners of rhe importance and value of
wagrewater reuse, inclnding recognirion that:

s Numrienrs in wastewater can subsrirure for chemical
fertilisers

e [Health risks and soll dnmage can be minimised if proper
precautions are taken

s The high cosr of advanced wastewater trearment plants
can be offset by the use of land applicarion of parrially
treated wastewnter

e In some parrs of the world rhere are no socio-culonral
constraints ro use

Mimicipal wastewater is the largesr wastewarer resource
available for irrigation, due to rhe large quantities of effluenr
produced in urban centres. This comprises domesric
wastewater and any induserial discharges ro the sewer
network.

The reuse of wastewarer for agriculninre is imsurprisingly hest
developed it arid and semi-arid counwries where warer is
highly valued, particalarly if ir mnst firse be obeained by
desalinacion. However, indirect nge also occurs it many
countries where rreated wasrewarer is discharged to surface
watert sources, that are subsequently vsed for irrigarion. For
exaniple, in heavily populated temnperate arcas small rivers
tiay comprise more rhan 50% wastewater during the simmer
period.

1.8.2 Processing

The quality of wasrewarer discharged from treatinent plants
nsually has vo meet standards set to minimise the impact
on the environment. The quality requirements for
wastewater irrigarion are different because of the heald
risks and rechinical constraints set out above. Alchongh rhere
is 1 wide range of wasrewarer rreapmenr technologies
available, the technologies commmoniy nsed to deal with
these health and rechmical constraints include rhe foliowing:

s Waste srabilisarion ponds - increasingly popular form of
wastewater rreatment in developing countries char
remove pathogens through long retenrion rimes,
alrhough these reqnire large areas of land

e Chlosinarion - kills pathogens and limits che growrh of
hiofilins, bt is a recnrrent cost

e Filirarion methods - reimove suspended solids

The end nse of the wasrewater should govern the water
quality rargee which, in eum, should determine the level of
rreatiment requiired. The WHO Guidelines have produced
recotnmended microbiological guidelines for wastewater use
in agriculture {Taylor er al 1989)

The design of conventional wasrewarer treanment plangs is
usially based on the need 1o reduce organic and suspended
solid loads to fimir pollution of the enviromment. Pathogen
removal has rarely been considered an objective, but for
reuse of effluent in agriculrure this is of primary importance,
Trearment ro remove wastewater constituents thar may be
roxic ro crops is technically feasible, but nor economicaliy.
Nawwal low rate biological treanmenr systens are available
for the treatment of organic wastewater such as nunicipat
sewage and tend to be cheaper and less sophisticated chan
high rare syscems. Such processes rend to be land intensive
compared wirh conventional high rate biological processes,
but they are ofren more effective in removing pachogens
and do so reliably and continuougly if praperly designed
and not overloaded.

The different forms of irrigation commonly nsed, in
incrensing order of sophisrication inclnde:

e Flood irrigarion where the growing area is simply
inundared. This witl contaminare crops and expose
workers to effluent more rhan any orhier merhiod of
irrigarion.
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¢ Furow hrigation contaminates crops less as they grow
on ridges and the water flows along furrows between
the ridges.

s Spriukler and spray imigation provide more efficient water
use than the preceding methods, but there are risks of
contamination, or possible dispersal of pathogens in
acrosols. The water also has to be virtaally free of solids
or the sprinkler orifices will tend to clog. Sprinkler
irrigation can also result in increased levels of leaf inm
of crops.

s Trickle or drip itrigation provides the most efficient use
of water as the water is focused on individaal plants.
However, again the water must have been carefully
filtered to prevent clogging of erifices. With subsinface
drip irrigationr the pipes are 25-50 cm below the soil
siface, the scil acts as a filter and the reots absorh the
efflaent nutrients. Soil moisture levels at the root zone
remain constant maximising water uptake by the plants.
The dry soil surface means that there is no direct contact
between the wastewater and the above seil enviromnent,
reducing the pollution risk.

1.8.3 Examples of use

Sandi Aralia, Egypt, Morocco, Algeria, Tunisia, Isracl and
Jordan all have declared policies promoting wastewater
recycling and rense {Shuval 1995). Examples include:

e At alarge scale wastewater reuse scheme in Jordan, the
As Samra wastewater stabilisation ponds serve 76% of
the sewered population. These ponds discharge into the
Zarqa River and the water is then stored in the King Talal
Reservoir used for nurestricted irrigation of 1100 ha in
the Jordan Valley (Taha 1993). In 1991, 6% of the water
used for irrigation was wastewater and, by the year 2000,
the quantity of wastewater used will rise ro 10%,
equivalent to 110 million m*.

o Farmers channel off raw efflaent from Nakirn rown
before it enters Lake Nakira in Kenya (Vogler pers.
comm. }.

e Farmersin Lusaka, Zambia, have cultivated land adjacent
to the city’s waste stabilisation ponds and irrigate
vegetables with effluent illicitly taken from the ponds
with buckets (Siakanti pers. comm.).

o Tl effluent from Mexico Ciry is used to irigate 100,000
ha of maize, barley, lucerne and cats since it is forbidden
to grow most vegetables in this way.

» In Peru, wastewater that has beeu partially ereated by a
short stay in stabilisation ponds is nsed for imigation in
the coastal zone.

s Tu Tunisia, 78 million m* of water are treated annnally
by 25 plants before being nsed ¢ irrigate fruit trees.

e In Harare, Zimbabwe {(Mbiba 1995) treated effhient is
applied to grazing lands by floed inigation ence a week
without any further fertiliser input.

Industrial wastewater can also be used for crop frvigation,
but this is less well documenited than the use of sewage water,
presumably becanse it occurs in mnch sinaller quanrities
and because it is often mixed futo the sewage system. Wood
& Lim (1989) descrilie the use of palm oil mill effluent,
which can enhmice crop yields by 20%. It was found that
raw effluent was more effective in promoting plant growth
than partially digested material. Al-Nazeeh et al {1984)
found a 20% increase in oil pahm yields in Malaysia by fiwrow
irrigating with mibber effhient to a level equivalent to 2 kg
nitrogen per palm per year. In Mauritius, 37% of wastewater
produced by sugar mills is reused for irvigation of cane
(Lincoln pers. comm.).

In Havana, Cuba, experiments are in progress to recycle
swimming pool ontflow, after dechlorination, to provide
irrigation water for small vegetable gardens (Betancowrt pers.
comim.).

1.8.4 Constraints

Particular constraints related to the use of wastewater in
agriculoure inchuder risk of disease, risk of soil salinity and
risk of heavy metal uptake in plants and build-np in soils.
These are discussed in Secrion 2.11.8 along with other
constraints, which apply more widely to waste manageinent
and use in general, thronghout Chaprer 2.

2. Conditions affecting the use of wastes in
agriculture

2.1 Types of agriculture

2.1.1 Farming system and household economies

For reasons of availalility and transport, urban organic
wastes are predominantly used in whan and peri-urban
agriculmre. There has been increased interest in the
promotion of this kind of agriciilture since it has been
realised how widespread the practice is, and how important
it is to many people. Presumably if any agricalarists are
going to make 15¢ of nrban wastes, it will he these ones.

Urban agriculture takes the form of aquacultire in ponds,
livestock in gardens, along railways, roadsides and by pylons,
in orchards and vineyards, and as vegetable or cereal growing
in vacant lors, by canals, around institutions, along
roadsides, on sulunban farmis and on waste ground uusuitable
for constmetion.

According to Mougeot (1994a, 19941) urban agriculoire
has the following characteristics:
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¢ Higher productivity per unit of space than rural
agriculture

Low capital input per unit of production

Low energy consimption

Low marketing costs

Freshiness of products

Urban and peri-urban land is often farmed intensively and
the use of fallows is generalty not a soil fertility enhancing
option avaifable ro these farmers. [n Kampala, Uganda, only
25% of farmers practice fallowing (Maxwell & Zziwa 1992),
Usban farmers often face the difficulty that they lack security
of tenure and tend, therefore, to grow annual crops. As such,
the land nceds fertility inpurs in order ro sustain
productivity. Urban wastes, which tend to be cheaper than
artificial ferrilisers, thus have great potential in these
farming systems.

However, urban and peri-nthan farmers cannot be grouped
homogeneously. For example, some are subsistence farmers,
others arce dairy farmers and others highly commercialised
(long or short term) intensive vegetable producers. The
incentive, and ability, to nse urban waste may differ amongst
different types of farmers.

2.1.2 Crop

Specific farm use of waste is very poorly documented.
However, since farmers all around the world make use of
crop and livestock residues (e.g. 70% of agricultural residues
are retrned ro the soil in USA); it can be assumed that
most common crops are fertilised by waste materials in at
least some circumstances and locations. The use of urban
organic wastes is probably less universal and will
predominantly be on the type of crops grown closer to urban
centres, sich as vegetables. Siemonsma & Piluck (1993)
reported that in Sourh East Asia all types of manure and
many types of organic waste material are used for vegerable
prodiction. In a number of reports, vegetable production is
mentioned as a favoured use for available nrban waste owing
to the intensity of production in urban areas and the
potential higher market value of vegetable crops. In Cuba,
organic materials from peri-urban dairy units and bulk
organic materials brought into the city of Havana from
surrounding arcas, are specificaily used for the intensive
cultivation of vegetable and herbs.

Althongh urban waste tends to be used mainly for vegetable
production, this dees not preclude the use of wastes on field
crops grown in peri-uthan areas although there are few
detailed records of this. Haramata (1991) reported rhat in
Senegal, application of town refuse to farmland increased
productivity of sorghnm. Jansen er al (1995) report a case
in Vietnam where the need to dispose of large amounts of
waste is a significant factor in the choice of urilisation,
application tends to be to grassland and forage crops because
they solerate high levels of plant nugrienss and respond by
producing high vields.

2.1.3 Livestock type

In many urban areas of developing connrries, organised or
informal livestock rearing s a significant part of the urban
agricuitural system. Livestock numbers per farmer are usnally
low, but in some cases large scale livestock rearing ocenrs,

Municipal refuse is often a significant source of ‘free’ food
for nrhan livestock in many developing countries. The
importance of livestock in rthe farming systems and the type
of animals kepr, affect the porential for wasre ilisation as
feed requiremens differ (see Section 1.2).

There are records of agro-industrial waste being fed to
ruminants generally, cattle, sheep, goats and pigs (Volger
1982). Municipal refuse is a significant source of food for
chickens, goats, cartle, pigs, sheep and guinea pigs (Blore
pers. comm., Newcombe 1977, Fundacion Natura 1993,
cired in Mongeot 1994h),

2.2 Markets

A limited amount of information exists on the influence of
markets and cconomic considerations on the collection,
processing and use of urban wastes for agriculture. in a few
cases there is evidence of trade in raw waste materials.

In Kano, Nigeria, the use of urban waste on farmland is
well established (Lewecock 1994, Mortimore 1993).
Traditionally farmers would enter the city with a donkey
bearing panniers which would be loaded 1p with waste and
taken to the fields. The number of farmers possessing
donkeys has decreased since Mortimore studied the
phenomenon in the 1980s, but use of the waste continues.
Employees of the Kano municipal waste collection service,
KASEPPA, drive tipper tricks 1o peri-urban villages where
farmers purchase the wastes. Links between KASEPPA and
the farmers are informal, i.e. farmers pay individuat drivers
to deliver rubbish to their land.

Farmers in Ghana pay handling and transportation costs
for by-products from the palm il processing companies,
and copra cake, wheat bran and spent brewers grain are
processed, packaged and seld locally as a livestock fodder

{Owusn-Bennoah & Visker 1994).

The majority of dociumented cases concern the successes
and failures of insritutionally-organised large-scale schemes
for processing urban organic waste. There are many reports
of the cost of & product which has use in agriculture, usually
compost produced as a feriliser andfor soil conditioner,
exceeding its value.

In an Austrian supported composting project in Masaya,
Nicaragua the compost is sold to growers of mangoes and
melens and organic coffec producers. Flowever, compost
sales do nort nearly cover the coses of production (Foidl pers.
comm. }.
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In Havana, Cuba, vegetables are produced organically within the city boundaries,
placing great demand for organic sodl fertilicy inputs
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Final grading of compost at a large scale municipal composting plant in Accra, Ghana
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In Malta the Sant’Antnin waste recycling ptant was
implemented in response to the island’s pressing
environmental and resource management problems (Short
& Tricker 1994), in particular the growing volume of waste
from urban areas, increasingly intensc competirion for water
and a declining food trade batance. The compost produced
from sewage sludge and urban waste i sold at a heavily
subsidised price and is much in demand (Ganci pers. comm.)
Wastewater is also sold to farmers, but at only 4% of its cost

{Gauci 1993).

Severat Indian cities established composting plants during
the 1970s. Almost all have now closed (Jalan et al 1995},
partly as a result of production costs exceeding the value of
the product.

Similarly, Visker (1995) describes a composting plant in
Acecra which produced 4000 t of compost annually from a
3:1 mixture of refuse and nightsoil. The initiative failed for
lack of markets, but also because the cost of production
exceeded the value of the product and the Acera Municipal
Authority conld not afford to continue to subsidise
production, A GTZ supported scheme described by
Schweitzer (1989) fonnd that the main market for the
compost in Accra were expatriates rather than local people.

Where producrion costs exceed the value of the product,
utilisation of the waste will occur only if other economic,
social or environmental factors play a part. Such a sicnacion
exists in Burope where, althongh farmers are not prepared
ro pay a high price for compost, they will use it
Governments which have a legal duty to dispose of wastes,
have to see compost making and urtilisation as a waste
disposal straregy rather than an income generating one.

The composring project in Jakarta, described hy Furedy
(1992} and Simpson (1993), founcd that the organic fraction
of the waste, which amounted to as much as 70%, is bulky
and of very fow value, and as such it is only fir for nse as
compost. Private individuals tend not be interested in
collecting, processing and trading such low value material
which therefore will remain the responsibility of the city in
which it is generated and municipalities will have to accept
it as a4 waste disposal strategy.

In Japan 2 marketing campaign was condlucted to promote
sewage compost. Ishida (1989) reported farmers' reasons for
buying sewage compost. Some bought it because it was
cheap, some becanse of the difficulty of making or buying
other organic fertilisers, while athers bought it “on
recommendation’. Forty one percent of purchasers
recognised the fertilising benefits of the compost, while 49%
recognised its valie as a soit conditioner.

A report from a study tour of composting initiatives in the
Far East (The Urban Edge 1979) foind the lack of a rural
matket. Farmers in both Thailand and Japan showed litile
interest in nrban compost even when the price was reduced
to 20% of the cost of production. Progressive farmers

preferred to use inorganics, consesvative ones, locally
svailable manure.

Despite the uneconomic production of composts from
organic wastes in many places, there are also docimented
cases of siccessful viable markets for composts.

In Egypt, compost prodnced by the zabaline, from pig
manure and other organic waste, is sold to farmers 1ip to
£50 km from Cairo (EQI 1985, 1988). The situation in Egypt
is unusnal in that whife soils lack hnmus, there is warer
available from the Nile and also sophisticated urban markets
prepared to pay high prices for fruit and vegetables.

Lee-Simirth & Memon (1994) reported thar 25% of urban
farmers in Kenya use compost and while most produce it
themselves, compost is available in Nairobi markets
presumably earning an income for the sellers and possible
intermediaries,

The rrue valiie of compost urilisation is difficule to assess
econornically, particularly for more sophisticated varieties
of compost, such as micronutrient fortified compast
described by Nazareth (1994). Even an assessment of NFK
values of a compost is not much nse as these elemenrs are
mainly unavailable. Compost is probably nindervalued.

2.3 Availability and use of alternatives

There are suggestions that urban wastes are most readily
utitised i agricnlture where alternatives are not available
or are oo expensive. Farmers may be prepared to buy btk
compost where soils are desperarely short of organic matter
and most alternatives ate unavailable or impractical.

Similarly, in dry parts of rhe world, where water is highly
vahied and may have to be desslinised, the use of wastewater
for agriculoure is best developed (Cross & Stranss 1985).

Chermical fertilisers have a number of benefits. They are
casy to transport, store and spread, have tow costs per unit
of fertitiser and crops react rapidly to them. However, they
are also expensive and sometimes simply unavailable. Many
farmers cannot afford to purchase fertiliser on a frequent
and reguiar hasis. In these circumstances use of organic waste
materials, if these can be recycled, obtained free, or
purchased at a sufficiently low price, may represent the only
fertiliser option. Owust-Bennoah & Visker (1994) report
that, for these reasons, farmers in Ghana dre very interested
in using organic alternatives to chemical fertilisers.

The use of organic waste-derived fertilisers does not preclude
the simultaneous nse of inorganic fertifisers, although there
are few reports of systematic stuwckies of attempts to optimise
organic and inorganic inputs in varions combinations.
Jansen et al (1995) reported that farmers neat Flo Chi Minh
City in Vietnam used both organic waste and inorganic
fertilisers on their vegetable crops, bur there was no
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indication dhat farmers compensated the rate of cite source
with rhe rate of anothier. Simitarly, Lewcock (1994) reports
thiut farmers near Kauo, Nigeria, use organic and inorganic
fertilisers it combination, according ro their availability,

2.4 Knowledge and perceptions

Althotgh the availability of alternative soil fertility npnts
influences the demand for and use of wastes in agriculrure,
farmers’ perceprions and knowledge is of primary importance
for utilisarion.

A study carried out by HDRA (Harris er al 1998) found
that in areas wirly a fong history of agrochemical use such
as around Nairobi in Kenya, organic fertitisers, mainly
animal manures, are widely perceived to be herzer for long
term soil ferrilicy. Farmers in this area were generally aware
of the potenrial benefits of using urlvan wastes for soil fertilicy
and auimal feed, aud several sources were identified
including froit and vegetable wastes from marker places,
general town refise and slavghter-honse waste. However,
thiere was littde evidence of auy use, in spite of high, and
increasing, costs of artificial fertilizers and animal manures.
A gjor reason for this was artributed to a lack of knowledge
and appreciation of how to use them.

Similar preferences for organic fertilisers have been reporred
lsy Lewcock {1994). Farmers near Kano lrave perceived that
otganic wastes nidy liave certain advantages over chemical
fertilisers. For instance, chemical fertilisers can ‘hurn’ plants
when applied during periods of low rainfall, there being no
suclt problem with most urbait wastes. This is an importanr
consideration in an «area of erraric rainfall lile Kano Srare.
These farmers also favour urban wastes as ferriliser since
they believe that their effect once applied mighs lase for
two or three years, whereas two or three applications of
artificial fertiliser might be required dnring rhe growing

season (Lewcack 1994),

Near the town of Thies in Senegal farmers load up donkey
carts with uutreated houscliold rubbish from the towit's waste
tips, take it to their fields and spread it on dieir and. This
practice has been going on since 1990, when farmers became
convinced that ‘things grow hetter with garhage’, bur there
is 110 mention of what precipitated it (Haramata 1991).

Farmers ncar Ho Chi Minh City in Vietnain who use organic
waste ou their vegetable crops, have developed
recominended annual application rates for different crops.
Jansen et al (1995), found that bottle gonrd received 50 ¢f
la, aubergine 80-200 t/ha, onions 50 ¢/hia, tomatoes 40 «f
lia annd brassicas 40-50 t/ha. Most leal vegetalles received
only 10-20 t/ha of organic material and radishies only
sawdust. Compost was considered less important for legumes
wliere farmers applied animal wastes. Coconue aud rubber
cellnlose was also used, tnost commorly at « rate of 1-2 ¢/lia
to cucumbers, heans, cabbages, bitter gourds and anbergines.
The basis for this ‘knowledge” is unclear, particnlarly in view

of the variable nutricut courent of urban refuse, aud some
practices such as the supply of only sawdust to radish, which
is nnerient poor, must he questioned. Taking into account
application of both organic and inorganic nurrients and the
fuct that they did nor reduce die rare of application of one
sonree tocompensate for the nse of another, it was estimated
thar fariners were over-fertilising their crops.

Maxwell & Zziwa (1992) specifically asked farmers in
Kampala if they mnade use of urhan wastes, bat none did.
There was an unwillingness to use the wastes and a
perception that diey had no value in agricnitre. Farmers
also voiced the lack of technical advice as one of the most
importai: consIraings o nse.

2.5 Priority of use

[t caunot be assumed that agriculiural nse is the most
econo:nic or desirable use for all urlvan organic wastes. There
is clearly competition for use of soine materials, and a higher
value for another purpose will affect the narker price or
availabiliry of the product for agricoiture. There utay also
be comperition for a waste material for different agricultural
purposes, with economic factors diceating whether a
particular waste is nsed for fodder rather than fertiliser. Such
decisions will affect different sectors of sociery differently
and might be expected to favour the use of wastes by
commercial farns over use by poorer individual farmers.

Sotne by-prodnets are less ‘waste” thau others. Wastes that
oceur i1 4 ‘puire’ form rather than as an element in domestic
refuse are Hkely to have a higlier value. Examples are copra
cake, wheat bran and spens hrewers grain used for livestock
fodder in1 Glhiana, and cocoa bean shiells and cotton seeds
which are exported to Europe from Ghana (Owusti-Bennoah

& Visker 1994).

In most countries waste paper has a higher value for
production of paper than for processing for livestock fodder
or use as bedding.

[ Dar es Salaam (Lopez-Real 1995) dhere are schemes to
convert household, market, liotel, abarcoir, leather working
and pulp and paper wastes turo biogas rather than into
fertilisers and soil improvers. At present diere dre 110
intentions to integrate the solid residues into agricultural
production aithongh these wounld be of value. Some waste
managenent sclicines focus on using wastes for fuel. Two
snch pilot schemes, one in India and one in Dar es Salaam,
are described by Jain {1994) and Lopez-Real (1995)
respectively, where tiere are no ittentions to integrate the
solid residies into agricuttiaal production although they
wauld be of some value,
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2.6 Socio-cultural factors

In China there is a well established tradivion of using wastes
in agriculture. In earlier rimes ancestral cults existed which
inchuded worship of the soil and water. An enduring theme
in Chinese celture is that ‘man belongs to soil and not soil
ro man’ (Cross & Serauss 1985). This cultaral view is likely
te have facilitated the aceeprability of soil improving
techniques.

Iu Cuba, despite official efforts ro encourage organic
agriculture there are uo initiatives, and lirtle enthusiasm,
for the use of human wasres in wrban agriculare. Havana
is a ciry of 2 million people aud sewage is currently
discliarged directly into the sea without any prior treatment.

In many societies in sub-Saharan Africa, contact with
limman facces is considered defiling and nunicipal workers
responsible for collecting nightsoil are weared accordingly.
Nightsoil is not much used for fertiliser in Africa (Muller
& Rijnshurger 1994), and in the isolated examples when it
is used, the practice is often not really socially acceptable,
Exainples of use include northern Ghiana where municipal
sewage trucks duinp their waste on fanmers’ fields (Harvis et
al 1998) and Sierra Leone wherte pit latrines are excavated
for use «s fertiliser (Cline-Cole pers. comimn.).

Korauic edicts prohibiring contact wirh all human wastes
are widely uplield tu Islminic societies. The use of human
excreta in agriculture and aquaculeure and the use of
wastewater are 1ot coudoued in Islamic socicty. While
Islamic law is quite clear in regard to contact with hunnan
wastes, resource coustraings and religious, culrural and
ideclogical variarions lead to a variety of practices, not all
in keeping with Koranic law. While the law is followed to
the letrer tn Tran, in Indonesia Islaw is grafted onto a strong
indigenous culture, Nightsoil is collected and sold in Jakarra
aud it western Java it is nsed in aquacnlture (Djadjadiredja

et al 1979},

A more secent study on the use of composting latrines in
Tanzania showed thaz users’ prior held beliefs had lictle
bearing ou uptake. There was no significant difference in
willingness to use the compost between Muslims and
Chiristians. Tt seemned the compost was sufficiently different
froan facces not 1o be taboo.

It Tias been suggested thar culiiral proscriptions on conracr
wirlt excreta are more widely followed among urban middle
and upper classes than among the peasanrry.

I a number of conntries in the Far East the production aud
use of commpost was considered obnoxious and was rejected
by mauy porential users (The Urbau Edge 1979). In Bangkok
hauliers refused to loan vehicles for the mansport of compost
because of this. In Malra there have been comnplaints from
Tocal residents about odour from a composting plant (Gauci
pers. comt.).

2.7 Gender

Siuce the nse of urban waste is predominantly i urban and
peri-ntban agriculture, the gender balance in urban waste
ise might be expecred to reflect involvement in agriculture
generally. Rarta (1993) reported chat in Peru 80% of wrban
agriculturists were female, with a figure of mnore than 50%
for Kenya. in coutrast, in Senegal, China and Brazil they
were mainly male.

It scems that the differences in the mmuber of men aud
women involved in urban and peri-urban agricnlture may
depend on whether the agriculture is for subsistence, in
which case womnen will tend to be iuvolved, or to generare
cash when it becomes a more “male’ activity. In Africa
wormnen constiture 60-80% of the agriculvural labour foree.

Scavenging is an activity often dowinated by women. For
example, 70% of scavengers iu the micipal rubbish dumgp
in Calcutta are women and clildren (Caleurra Social Project
mndated). In the systemn of nou-mimicipal waste collecrion
and recyeling operated by the zabaline i Caire, the
collected hiousehold rubbish is sorted by the women and
children of the family.

It1 the Philippines, the Metro Mauila Council of Women
Balikatan Movement organised the Linis Ganda
Programine, which involved the separation of rubbish in
the honseliold furo wet (organic) and dey components. The
wet tubbish was collected daily by the governnmenr agency,
the dry was collected and paid for by the Programnine’s
collectors. Collectors sold whar they gathered to junk shop
owners who i turn provided the collecrors with carts. The
woinet’s movement concucted meetings with housewives,
civie, rrade and religions organisations to inforn people of
the progranune and researched markers for non-tradivional
recyclables sucl as broken bottles and batteries. They also
organised the collection routes o ensure full coverage of
the 21 villages within the San Juau area. Regular meerings
were held with the collectors and junk shop owners and
the programme provided the junk shop owners with loans
as their bnsinesses expauded. Recovery of solid waste las
increased from 10% in 1983 to 35% in 1994 (Lardineis &
van de Klundere 19941).

More recently Linis Ganda has obtained World Bank mouey
to stare a composting plant. A World Bauk/UNDP study of
the programme attribured its suceess to three facrors (Ullrich

1993):

o  The use of the informal system in the collection of waste
materials

e The educational catpaign laniched in the area regarding
envirommental issnes

o  The support of the junk shop owners, the govermment
and the locat eommunity
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2.8 Tenure and land availability

Ali around the world cities are expanding, oftew onro land
that was forerly used for agricnlture. Farmers on the edge
of expading ciries may be less likely to invest i the use of
soil tunprovers, suclt as urban waste, if they do not have
legal title o the taud they culrivate and are vsure how
much tonger they will be using the land. A rational farmer
decision way be to ‘mine’ the land because it is destined for
vrban developmenes miyway.

Around Taipei, Taiwan, urban fringe fanmland once provided
70% of the vegetables consinied by the cigy’s population
(Yeuug 1986). By 1979 dhuis proportion had already declined
o 30% because of the reduction iv agricattural holdings
duse to wrban expausion.

The avaitability of lawd sites for processing of waste can
alsa be a major constraine. The high cost of land was cited
as one of the reasons why composting plauts in several
Indian cities had closed (Jalan er ai 1995), In Bangatore
there were problems in finding an area of tand wity water
for camposting (Rosario 1994).

Hardoy et al (1992) suggest that different solutious are
required depending o city size and type of refuse generared;
the amwnmt resicdents e, or witl pay; the type of velicle
needed to reach buildings tu different types of settfement;
tocal possibitities for recyeling or reclaiming pare of the
vefuse; local traffic conditions; the resources at the disposal
of local authorities for the collection and nasagement of
rubbish disposal; and wot least, the avaitability of land sites
for city dumps and processing plants.

2.9 Geographical factors

While sowe agroindustries ave found worldwide e.g.
breweries, others will have a wnore restricted distribution,
¢.g. coconur pahne rend to grow besr i maritime
enviromuents. Ju Brazil 500 iillion coconurs are produced
anttually and there is a sighificant industry in recyeling the
discarded shells for fuel (Wells 1995). Production of wastes
of u single idenrifiable type with depend on the level of
industriatisation of a country. For instance, while MAlZoes
grow thronghout the tropics it is only in some countries
thiar they are pulped for juice exrraction or dried, resulting
in 50% production  {Mahadevaswamy &
Venkataraman 1990). In developitiy counrries with their
wch lower levels of industrialisation, food processing and
incluserial organic wastes wiil be cousicerably less siguificant

wiasty

than in developed couttries.

All processing of plant aud animal imacter resulis in waste,
Levels of waste geuerated vary frown counrry to counry.
Same satad growers in the UK warker less than 50% of the
crop {Lemmartsson pers. conun.) whereas other observers
fave rewsarked o the paucity of wastes coming out of
abattoirs i1 Africa because every parr of rhie animal is

collected and used, with the possible exceprion of soe of
the liguid wastes {Lopez-Real pers. connn,),

The types of waste available for peri-urban agriculture will
he infhienced by the fact that sowne agroindustries are nore
wrbaw than otlers. Thus, sugar cane refineries tend to be
found in the widdle of extensive cane estates, since the
raw catte is very butky to transport, Oun the other hand,
breweries tend to be urban, close to the source of supply of
tlieir, vsually imported, raw naterials and dhe wajor warkers
and centres of distribution for their products.

2.10 Institutional support

2.10.1 National government

Support for the utilisation of wrban waste in agriculture can
le from wational or tocal governmenr, from local NGOs
and semi-official organisarions and exterually from
inrernarional organisations, donor agencies and NGOs,

There are numerons reasous why govenunents should
prontote the recycling of urban organic materials and their
jnregrarion into agricutture.

o Safe landfill sives are becoming increasingly rare and
fandfill causes pollution of the surface warer and
grountdwater by leachates, odour and the profiterarion
of vermin which may spreacd disense

o Nutrients cannot be removed indefinitely from the soit
of rural areas and concentrared it urban areas, without
a decrease in soil ferrilicy

o Urban awd peri-urhan agriculture provides a livelihood
and source of food for wany ciry dwellers. ke provides
the best hope for the urban unewployed it the funue,
relying as it often does o under-utilised land and under-
ewployed labour

[u some instances, governmenrs contribure through
supporting educarion campaigus. For example, McGarry
(1976) reports increased use of nightsoil in China in the
1950s because of govenuent campaigns to encourage
nightsail cotlection. The collecrion rate increased frow 70%
i 1952 to 90% in 1966 (Chao 1970). In Matea, rhe
government is cnconraging householders to separate
inorganic amd organic components by providing separate
bius for the different rypes of waste.

2.10.2 Municipal responsibility for waste
management

Wasre collecrion tends ra be the responsibiliry of wunicipal
authoritics. It is oftett oue of the largest expetses on the
nuwicipal budget. In Bangalore, Tudia, ir absorbs 40-50%
of the municipal budger (Rosario 1994) ad Colutrean-
Levine (1992) gives a figure of 20-50% for cities in
developing countries in general.
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In China the sanitation departments of tocal govermuent
are respousible for collecting and distributing nightsoil from
latrines to storage tanks focared in the suburbs {Bo Ling
1994). All fees including labour and costs of the vehicle
aud its fuel are paid for by local government.

It wany instances, municipalities are prepared to subsidise
the processing and use of organic wastes for agriculture as
part of their responsibility for waste management. Examples
of this have been reviewed above {e.g. McGarry 1976,
Shuval 1995, Simpson 1993, Visker 1995, Foidl

pers.comt.).

2.10.3 Municipal support for urban and peri-
urban agriculture

Generally, links berween city governments and agriendturists
in and around cities are weak. There are probably a number
of reasous for chis. In the Eiropean mindel of city govennnent
adopted by many colonies at independence, agricitture has
not rraditionally been a concern of municipal suthorities.
Muniicipal governments in developiug countries tend to be
weak and wrban agrienlourists, who often exist as squatters,
rend to be ueither a highly vocal nor arganised group

(Maxwell & Zziwa 1992),

Agrienirure may even be forbidden in urban areas. Streiffeler
(1987) mentinus how the Nairobi government, at one point,
ardered the destruction of spomtaneons agriculture in the
city. Cities with such actitudes to urbau agriculture are
unfikely to implement the appoiutment of agricuttural
extension officers and mechanisins for encouraging the use
of nrban waste by local farmers.

One example of a city that actively enconrages agriculture
within its confines is Havana, Cuba. Suppore for arban
agriculture only dates back to 1989 when Cuba’s main
trading partuers, the Comnnmist Eastern Bloc collapsed.
This meant that Cuba was unable to maintain exisiting
levels of agrochemical import. The United States lias
imposed trade sanctions on the island, greatly affecting
Cuba’s main export, sugar. Because of the lack of
agrochemicals and envirommental concerns, the Cuban
goveriment is encouraging people to adnpt organic
cultivation methods. The Ministry of Agriculnme Urban
Agricidture Departinent has 77 extension officers to provide
free extension and training services to the organic farming
sector, encouraging and advising nu thie use of organic urban
wastes. The government provides ather forns of legislative
support for uthan agriculture, Aldiough the tand on which
crops are grown belongs o the stare, co-operatives have
guaranteed use of the land for ten years. Co-operatives are
anthorised to sell their produce at prices contolled by supply
and demanc.

There are other isolated iustances of city goveriments
supporting agriculture within their confines, bur generally
these are on a much smaller scale. In Lima and Manila

govermental organisations have leased wrban land, e.g.
around hospitals, for agriculore (Sinir & Nasr 1992}, Yeung
1986 described how in Lae, Papua New Guinea the city
government hecame concerned abour the removal of farest
from hillsides above the town for agricuftural use. Allntiment
gadens were comseracted on city lands and were assigned
to 1ow income residents by the city government. The crops
were fertilised with Incally produced compost and rechinical
assistance provided by the city horticnltural staff.

Schenket {1982) reports that 80% of China’s population
work in agricuiture and that connections between town and
country are very close. The authorities in China have
enconraged this synergy. Some of China’s most productive
agricudtural land is found in the areas surrounding cities
{Hardoy et ai 1992). Eighty percent of the vegetables
entering Shanghai city are produced within the boundaries
of Shanghai city region.

The scale and value of fond production reported from
Chinese cities is probably due to the fact that production is
considered within large administrative bhoundaries which
include large rural areas in addition to the builc up areas.
[ts potential in other countries is often tost or diminished
as agriculoral land o city peripheries is purchased as a
spectifative investment or developed illegally for housing.
In Beijing, despite recent city expansion, the tradicionally
very itnportant fields to the soutd of the city have remained
agriculrurally producrive, and when ciries in China are
looking to expand, there is extensive dialogne with
surrouniding agriculcural commimnes so thae only wasteland
or inproductive ficlds are given over o housing.

2.11 Technological and economic constraints

2.11.1 Processing

Mnst wastes require snine degree of processing before they
caut be used safely and appropriately for agricultural purposes.
In general this represents a major constraint, since those
countries and commuuities which perhaps have greatest
need for waste recycling for economic and agricultural
reasnlis, often lave the poorest provisinn of processing plants
and equipent.

Organic wastes for soil improvers need processing to
problems of phytotoxicity, uitrogen
imimaobilsation ard halk transport. Composting is the mose
commemly used technnlogy, and can be done by very simple
methads.

avercome

Wastewatet, whether discharged or used iz agriculture, needs
to nndergo treaninent to avoid health probleins and minimise
envirommental impact. There are qualicy standards which
have o be mer and a wide range of wastewater treatinent
teclmologies available and colmonty 1sed. The end use of
the wastewater should govern the water quality target which,
in tur, should determine the level of treatment required.
Amomir of sewage generated per capita is broadly similar
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for different countries. However, the metliod of disposal
used for this material will influence irs availabiliey for
recycling. Faccal material collected in a water-borue
sanitagion system is considerably easier to deal with than
that accumulating in waterless latrines.

Ninety to ninery five percent of all wastewater in developing
comntries is discliarged i purified into lakes and vivers (Evbel
1995). Sanitation is unglamoreus and has reccived a low
priority by governmentrs compared with road building, power
schiemnes etc.

Agro-industrial wastes are an importait component in
livestock feed worldwide, It for reasons of toxicizy or
perishability, may require more processing than shmply
separation of edible components. The need to process oil
seed residues, citrus pulp and chicken featliers, for example,
is discussed in Sections 1.2.2 and 1.2.3. In developing
countries it is, llowever, nulikely that subsistence faruers
will liave the meaus to process some types of waste
into feed.

2.11.2 Cost of technology investment and
maintenance

Cenrralised urban waste schemes are perceived by policy
makers as being too expensive to iplentent in developing
comnitries. Sevensy percent of nrban areas in developiug
conmries are wot oi the public service network for drinkiug
water, sewage or waste callection (Gaye 1994). This means
thar while systems for reusing wastes in agriculinre are well
established and documented, they are generally a featnre of
richer countries.

Programmes for Morocce (Maung 1982) have been
exantined. Plants in Moroceo were buile during the years
1962-1973 in Rabat, Marrakech, Tetonary, Meknes and
Casablanca. By 1973 all vhe plants had broken down except
thie one in Rabar which was processing 160 t of rubbish per
day, a third of its intended capacity. The reasons given for
the faifure of the projeces were:

o Juefficient collection and transport of rubbish
o [ucomplete facilities at the plant site
e Wrong clivice of plant location

e Poorilisation of equipnient

e Poorplant engincering

o  Unsuitable method of biological rreatnent

e Lack of skilled operating and maintenance personnel
¢  Geuerally inadequare plant management

Rio de Janeiro has three composting plants with the
combined capacity to produce 800 t of compast per day,
but are running at a fracrion of this because of structural
faudes in the machimery (Wells 1995). These factors may
Tinir the size and techuological nature of processing plants.

2.11.3 Collection and separation

Waste collection tends to be the responsibility of municipal
governnients. While recyeling of the waste starts as soon as
ir is generated, as door to door cellectors may buy the more
valnable itels from housewives, the actual collection and
transport of the waste is nmicipal. Schertenlich & Meyer
{1992) list the wost frequently encomrered problens in
waste collection and disposal in developing connzries:

o Inadequate coverage of the population to be served

o Operational incfficicucies in exisring solid waste
manageuent systels

o Limited ntilisarion of the capacity of informal and private
sectors

o Inadequate final disposal of municipal solid waste

o Inadequate collection and final disposal of hazardous non-
industrial waste

Mumicipal waste management systems are typically based
o the systems operating in industrialised nations where
the emphasis is on technology. Large waste-compacting
rrucks are not really appropriate i developing countries as
they are often unable to penetrare high densicy housing
areas and they make sorting of the waste more diffienir for
waste pickers. Furthennore, in developing conntries much
of the waste is bulky organic material, not amenable to
compaction to the same extent as is the paper- and
packaging-rich waste of induserialised countries.

To sotne extent the mumicipal problems of collection and
separation have been aveided in those cases where there is
an informal, often tradirional, waste recyeling system. [n
most citics in developing conmrries an informal wasre
recycling system exists in parallel to municipal effores.
Informal waste recycling is ofren very impartant in ters
of urban employinent. Pachieco (1994) estimates thar 1%
of the Colowbian population (50,000 families} earn their
living from whan rubbish.

Furedy (midated) reports that scavenging was the original
method of disposing of accimulated rubbish in colonial
Calcuna licensed scavengers removed rubbish before dhe
city established its own cleansing sraff (Goode 1916 cired
in Furedy undated). The municipal dump was created in
1867 and it became the main focus for scavenging. Around
the dumps are established squatter villages (many of whose
mhiabitants are employed as sweepers aud truck drivers by
the Corporation of Caleura). Scavengers await the 200-
300 trucks arriving at the dunp cach day before descending
1o coltect clorly, dn cans, picces of paper, bone, wood, coul
cinders, all metals, wire, rubber, rubber soles, old shoes,
leathier, broken glass and china, soaps and coconur shells.
Recycling of higher valued materials can be very efficieut.
Simpson {1993) writing about Jakarta estimated chat 88-
98% of the ligher value materials are recaptured.

I Cairo an estimaced 40,000 families depend on waste
recyeling and coilection for rheir Tivelihoods (Tollemache
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1981). The wahiye, who originally came fram an oasis in
the Western Desert, control the rights to the domestic waste
of Cairo and brokers compete for righs to collect the rubbish
from new buildings, The commission varies depending on
the quality of waste likely to be generared. The refuse brokers
{wahiya) collecr a monchly fee from: flat owners and let the
collection rights to the zabaline. The zabaline collecr 10,000
w? per day (Haynes & El-Hakim, 1978) ar about half Cairo’s
waste (Tollemaclie 1981). Other houseliold wasre such as
broken firniture is collecred by another class of waste
callectar, the rulabikya, while public area waste is the
responsibility of the municipalicy.

Although poor neighbmrhioods lave an urgent need for
waste services, it Asia NGOs are finding it more effective
to work in middle and upper class areas. Source separation
and decentralised composting are wore worthwlitle and
feasible in such areas because the wastes contain wore
recyclables, the householders hetter understand the purposes
of waste separation, they can pay for collecrion services
and there is space for composting (Furedy 1992},

Prabably the greatest problem for producers of compost from
wrban waste all over the world is contamination with
inorganic waterials. If fncoming organic waste is
contaminated, even very expensive equipment is unlikely
to improve the quality of the compost produced. Devising
a collection system whicli mininises contamination is of
primary impartance. However, source separation has proven
difficult to implement (Rosario 1994).

2.11.4 Transport

Among the most frequently cited consrraiuts o the
azilisacion of wrban wastes for agriculture are the cost and
availability of transpore either for collection or for
distribution after processing.

It fact, the coustraints of ransport are cited as one of the
advantages of cenrralised composting of wmunicipal wastes
to produce soil improvers. Although composting of
municipal refuse before redistribution goes against one of
the fundamental renets of waste management, to handle
waste once anly, this secotd Lhandling of waste may have to
he accepted. 1t is pussibly niore pracrical than tking the
waste from the city to fapiers, expecting that they will
separate the wastes, compost the organics and leave the
non-compostables for recollection by the municipality.
However, lirtle information is available to support this view.

Even where organic wastes ov compast are available, a
market for these materials is not guaranteed. Compost is
buiky and generally considered to be of low value and this
can geographically Emit the size of potential markets.
Inadequate road systems further add to this constraint (The
Urban Edge 1979). Lardinois & van de Klundere (19941)
reparted that use of urban compaost around Asian cities was
limnited to a range of 25 km.

On alocal seale, even if suirable processed waste is available,
farmers themselves may lack appropriate transport. Maxwell
& Zziwa (1992) found that farmers in Kampala had no
means of rausporting the waste to their plots.

i Cuba, the single greatest constraint ra arganic urhan
agriculture is the lack of transport, hecanse of the severe
shortage of perrochemicals. There ave very few draftanimals
within the cities, presumahly because Cuba was able o rely
ot a cheap aud relighle supply of oil for intemal combustion
engines until the collapse of the Saviet Union. Sitce then
theve has nor been sufficient rime to bhuild up a sizeable
national herd of draft livestock.

2.11.5 Cost of labour for collection, processing
and distribution

Reutilisation of crop and livesrock residues is labone
intensive, Apart from burning whicl results in the
volatilisation of many of the mutrients found in straw ete,
or letting Hvestock consmme crap residues in situ,
compasting or direct incorporation of vesidues into the soil
are hard work. Clearly the effort and labour requived is 2
major factor determining waste utilisation at the farm level.

The hight cost of production was cited as one of the reasons
why composting plants established in cities such as Caleutea,
Macvas, Dellii and Bombay during the 1970s had ahnost all
now closed (Jalan et al 1995). Visker (1995) states that a
composting plant in Accra failed partly because the Accra
Mumicipal Authority could not afford to continue to
subsidise productio.

In a study carried our by HDRA in sub-Saharan Africa, it
was found that Iaheur constraints were 1ot just velated to
availability of labour per se, bur also to unwillingness to
spend the necessary rine. Views such as ‘the practice is
redious and time-consmming’ (Tanzania} were voiced (Harris

et al 1998},

2.11.6 Seasonal variation in availability

Composition of waste, particelarly the arganic components
will vary from season 1o season. Deelstra (1989) notes that
in Bangkok a large proportion of waste during the mango
season comprises mango pips and skins while Samsunly
(1982) notes thar in Twrkey there is much move ash in
domesric waste during the winter, while in spring, vegerable
waste tends to predominace.

Where a single type of waste is used as a livescock feed, the
scasonality and veliabdivy of supply may limit its value. For
example, frait wastes can become a main energy source,
bue supply may be higlily seasonal. Wastes suitable for animal
feed are often perishable, e.g. citrus peel and cocon pods,
ad can therefore only be viewed as a valuable feed
supplement.
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Conversely, the demand for wasre producrs inay e seasonal.
Ishicla (1989) found thar to be rhe case for the demand for
sewage shudge compost in Japan, yet the supply was all
year round.

2.11.7. Variability of quality

Because of the variable nuture of urlan refuse compared with
farm waste, which typically contains a limited range of planr
materials and manure, the qualiry of the composr is difficulr
o predict, porricularly with respect to nuerient content. As
such ir may ke difficult ro estimate appropriare fand
applicavion rates,

2.11.8 Health and safety

The availabilivy of o particular rype of urhan waste, even in
abindance, does not guaranree its porential for use, nnless
health and safery risks associated wirh cerrain rypes of wasres
can be eliminated. This apphies o

e Hnman handling of wasres or wasre derived materials

»  Human and animal consumption of waste derived
marerial or foodsruffs prodinced with the use of waste
derived materials

e Any porenrial adverse affecrs on seil, plants or animals
within rhe agricultural systen

Wastes may contain potenrially roxic materials such as
cyanides, acids, lyes, mordanrs, bleaches and elements such
as arsenic, cadmium, chromium, ceprer, lead, zine and
mercory, which may conraminate the soil and be harmfnl
to plants, hnmans and animals.

There are clear risks associared wirly the use of wastewater
for humanfanimal consmnprion and irgigation. Another
concern regarding rhe use of wastewater for rrigarion are
pathogens, thar have a faccal-oral transmission route,
because ir allows rhe cycle of infection to be complered.
The grearest risl is associnted with the irrigation of frui
and vegerables that are subsequently consuimed raw.

A wide range of diseases may potentially be transmitted
via food crops. The major gronps are:

o Bacteria (typhoid, bacillary dysentery)

o Virnses (hepatitis, a wide range of gastro-intestinal
discases)

e Protezoa (giardiasis, amoehic dysenrery)

e DPurasiric worms {ascariasis, tape worms)

The main fear relating to wasrewater 1se tends fo be that it
mmay contain variens discases and human parasires such as
Ascaris lumbricoides, Taenia, viruses and colifornn bacteria,
The most imporrant of rhese are parasitic woerms and vicuses,
due to cheir longevity in the envirennenr. However,
apprepriare rreatment and ugilisarion of rhe warer can
minimise the risks.

Peri-urban health issues have been reviewed more generally

by Birley and Lock (1997).

Even if toxic materials are not present at concentrations
likely ro affecr humans, they could well be ar phytoroxic
levels which wonld limit their agricnlrural use. Therefore,
repeated irrigation, even with small concentrations of heavy
merals, may lead te phytotoxic accunmniations and
potenrially, o risk ro health. Pescad (1992) reports thar >85%
of the applied heavy metals are likely ro accumudate in the
soil, mostly at the sirface.

There are also fears of an increase in soil salinity through
the nse of wasrewater for irrigarion (Gauci 1993). The risk
of salinity huild-up depends npon rhe rario of the volume
of water applied to the evaporative demand. For examnple,
in Cyprus, the reuse of domestic wastewater decreased the
tevel of soil saliniry hecause the salt was effecrively leached
frean the upper sail layers, In Jordan, Taha (1993) stared
that atthough the domestic wastewater tw ke reused had
moderare salinity, this would not cause problems if
Appropridte watel managenient practices were employed.

Many wastes which nominally have a composition providing
a valnable addition to the dict ef livesrock, are unsuirable
for use because of toxic or anti-nncritional factors, Examples
discussed in Secrion 1.2, are citrus seeds in pulp used as
feed, over-ripe bananas and peanur husks.

A major problem with using muonicipal solid wasre as an
animal feed is rhe presence of heavy merals, particularly
tead and mercury, and chlerinared hydrecarbons. One sonrce
of lead is from newspapess fed o animals (Silva 1993},

Animal feeds can be produced wirh high percenrages of
cow dung withont processing or sterilisation, but there are
concerns about the risks of diseases and drug residnes being
passed to the feeding animals, especially when manure is a
component of feed to the samne species. Similarly, using
animal tissue wastes as feed i3 a somewhat dubions pracrice

in the lighr of the ‘BSE/CJIY concern in the UKL

One of rhe fears relating to compost use is thar soils, and
ulrimarely crops, will accumulate high levels of heavy
metals, especially from whan composts. Drescher (1994)
smdying vegetable growing en an urban landfill site in
Lusale, Zambia found that vegetahles did not accunulare
heavy metals. Even in heavily contaminated soils,
concenrrarions of metais in rhe vegerables remained
considerably lower than sail concenrations.

Inappropriare vse of wasres with high CN ratios as soil
improvers can also lead to reduced soil fertilivy due o
nitrogen immobilisarion that may occur when fresh erganic
material that conrains relatively low amounts of nitrogen
suely s rice straw or sawdust is applicd 1o soils (Garcia et al
1992). 1In some cases, urban waste as well as sewage sludge
has severely inhibirory effecrs on seed germination (Garcia

et al 1992).
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One of the greatest problems for producers of compost from
urban waste all over the world is contamination with
inorganic materials. If incoming organic waste is
contaminated, event very expensive equipment is imlikely
to improve the quality of the compost produced. Waste
sorting by hand picking is becoming increasingly hazardous
in soime countries as waste becomes more contaminated with
broken glass, toxic muterials and biomedical waste.

The presence of glass in the resilting compost was cited as
one of the reasons why the products of composting plans
established in Indian cities such as Caleutta, Madras, Delhi
and Bombay were unpopular (Jalan et al 1995). Farners
found thar compuost prepared in Banpkel contained plastic
and glass and barefoot paddy farmers were, unsurprisingly,
not prepared to use it (The Urban Edge 1979).

3. Gaps in knowledge and recommondation
for further research

There have been many projects which have adopted a top
down, technological approach to waste management with
the inclusion of some aspects of the potential utilisation of
organic waste prodicts in agriculrirre. These have principally
been concerned with the use of municipal andfor agro-
industrial solid wastes and to some extent with sewage and
waste water, In many cases the technologies have been
thoroughly studied, alchongh for individual types of waste
there are ne doubt researchable topics concerned with
detoxiftcation, processing, storuge and use. The main
constraints identified in these rechnological projeces seem,
however, to be related to a lack of rescurces rather than a
lack of rescarch information, and included tack of suitable
land, finance, transport and maintenance of equipment
Such projects often generate a product for which there is
an insufficient matkes or pse, in some cases justifying this
on the grounds of waste disposal alone. There appears,
therefore, to be a case for further research into smali-scale
and community or on-farm processing.

There have been far fewer studies starting from the basis of
establishing the need for organic wastes in existing urban
and peri-urban agriculiural systems and investigating the
potential to satisfy these needs within current resource, and
institutional constraings. There are a number of significant
gaps in knowledge on the value, processing, application
rates, consistency of quality and efficacy of wastes at the
farm level. To understand the system of waste use in peri-
wrhan agriculture, an integrated approsach is required.

Areas in which further research is necded have been
identified as a result of this review. Research priorities were
also identified by @ working group on peri-urban interface
production systems attending the workshop “Integrated
nutrient management on farmers’ fields: approaches chat
work”, held at the University of Readiug in Seprember 1997

(Gregory et al 1997). The following research priorities ave
suggested:

For selected case study citiesfregions rescarch should be
carried out with target farms and communities to:

¢ Develop an understanding, at the cityfregional teved, of
rhe institutional perspectives of urban policy makers and
urban plannersfmanagers regarding both waste
nanagement and urbian/peri-uchan agriculture.

e (nin information on the current use of urban organic
wastes. A caleulation, from farm nugrient bhudgets and
soil analyses, of the likely need and potential use of
organic wastes. Emphasis is likely to be on the use of
wastes as fertilisers and as soil conditioners, as soil
fertility is perceived to be a4 major constraint to
sustainable agricultneal productivity in these regions.
Howeves, use of wastes for feed, fuel or aquacnlture
should not be ignored as evidence suggests that use of
wastes it integrated farming systems is particnfarly
effective.

e Establish baseline data on soil nutrient deficits in urban
areasfperi-urban areas.

e Development of municipal waste collection systems
which minimise conttmination.

e Develop inventories of available nutrient resources,
quality and accessibility, and assess the local availability,
supply and cost of organic waste materials and their
practical application in the chosen communities.

s  Develop decision trees and choice pathways for nutrient
management in relation ro waste utilisation, for different
kinds of farmers (e.g. intensive commercial vegetable
producers, subsistence farmers etc.) under different
circumstances (e.g. climate, soil type, land use rights,
urban policies and infrastructures etc.), including
research into
e The efficacy of waste nrilisation in on-farm trials to
determine application rates and methods in specific
crops within the existing peri-tzrhban agricultural
systems enconntered

e The use of organic wastes in mixtures with inorganic
inputs and mixrures of different organic wastes

e Cultural issues including the farmers' attitudes and
acceptability of handling and using different wastes

e The economics and labour requirements of waste use
ar the farm level

e The potential aud methods for small-scale community
or on-farm compoesting of wastes

Work initially needed in the use of wastewater in crop/fish

production systems includes:

e For the sclected case study cities/regions research needs
to be crarried cut with tazget farms and communities to
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establish baseline data on:
e Tle current use of wastewater
e The local availability, supply and cost of wastewarer

e Evaluate whether stall-scale local wastewater collection
and orearment would allow the development of
wistewater-irrigated crop or fish production by target
comnuiities in the peri-urban interface.

s Specific research projecrs within the ciry/region linked
to existing wastewater collection and treatment schemes.

A nnmber of these issues are enrrently being addressed by
rescarchi wirhin the Periqwban Interface Production Systens
of the Department for Intemational Development’s Nacural
Resource Systems Programme. The research is concentrating
on the citiesfregions Kumasi in Ghana {Blake et al 1997)
and Hitbli-Dharwad iu India (Shepherd 1997).

4. Potential pathways for research uptake

No consistent pattern emerged from the literature review as
to the main nptake pathways for research inro urban wastes,
but the following points may be of significance:

e Dplementation of wwhan wasre urilisation is frequently
top down and invelves municipal or other local
government agencies, These are key motivators, to a
greater extent than the convenrional agrienleural
extension services, who may identify more wich national
agricultural extension strategies than local govermnent
initiatives. Local government departments responsible
for environmental issiies, waste disposal and health need
to be invalved as well as anchorities responsil:le for nrban
agriculture and livestock. Where changes to attitudes
an practices by the public are required, perhaps in the
separation of domestic waste at source, then local or
national governments with access to the media or other
educaticnal pathways are likely to be fnvolved.

e There are few descriptions in the literature of NGOs
playing an acrive role in waste utilisation projects.
Althangh this may reflect the tendency ra report larger
and more formally crganised projects, it probably also
reflects that mest reported praojects are involved with
the gencration of wastes ar a inunicipal or agro-industrial
level and are on a scale which may he perceived a too
large for individnal, passibly quite small, local NGOs.

e  There are a few examples of the rraditional use of waste
materials in agricnlture by cemmunicies and some
examples of relatively recent novel, nnilateral adoption
of ‘self-help’ neilisation of waste by coomnunities. There
wauld appear to be scope for further consideracion of
waste utilisation in integrated farming projects ac the
conmunity level,

o Asignificant proporrion of successful schemes reported,

have included private sector activities and income
generation. Digsemination of results to, and involvement
of, the formal or infonnal private sector should he
encouraged.

There is sipnificant invelvement of major donor agencies
from developed countries in urban waste management
projects. This may reflect interest and expertise in
industrialised countries which also face waste
management probiems. Existing European- and North
American-funded projects offer a valuable pathway for
possible uprake of fittire resnlts.
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5, Urban waste database

With the exception of articles obtained through personal
comnminication with workers in relevant fields, the majority
of information in this report was obtained by searching a
range of databases.

For convenience, rhese references are electronically stored
within the proprietary bibliographic software programme
“Papyrus” (Research Software Design, Portland, Oregon,
USA). This system allows owners of the full sofrware
programme to update and amend the database, and also to
distribute the database free of charge with a restricted (read
only) version of the software programme.

References are stored with all bibliographic details,
including keywords where it has been practicable to include
them. The data base is fully scarchable on alt ficlds, and
reference lists of selected records can be saved to file and
princed.

The full database and restricted (read only) version of the
software programme have been packaged for d iseribution
on 3.5 inch disks. Full installation details are contained in
the file papr.doc which can be opened with any word
processor or text editor. This text fite also contains full
instouctions for using the programme. Anyone wishing to
edit the database must purchase the full version of the
software programme and obtain copyright permission.
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