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of the Public Health Ordinance in 1935, is still proceeding. Much has been
achieved with a relatively small staff, but much remains to be done, not
only in the development of the training of assistant health inspectors,
but also in the training of those categories of ancillary staff who are a neces-
sary link with the comparatively large, scattered, simple, but not disinter-
ested, African rural public.

The fear of epidemic disease has been the great ally of sanitary progress
in all countries. Former and less-highly-trained African workers had the
presence of plague and smallpox, or the recent memory of these diseases,
to support their endeavours and to act as a spur to local activity. The
present phase is more difficult. Major epidemic conditions have been
controlled and the African health inspector or hygiene orderly has now
to work in a general atmosphere much less conducive to spectacular results.
He must persuade the people that the effort required to obtain a healthy
environment is really worth while.

Experience has shown that in the face of this enormous but less well-
defined problem the African worker can easily become discouraged. It is
wise not to require him to work singly or in his home area. Better results
are obtained by teams concentrating on a single problem or on a group
of related problems in a particular area. It is clear, however, that the role
of the European inspector will be a necessary one for many years. His
main functions, so far as rural hygiene is concerned, will be primarily to
guide, stimulate, organize, and encourage. Without this leadership, and
despite a higher standard of theoretical training, there is likely to be a
lack of efficient application of sanitation and hygiene methods in rural
practice.

PUBLIC-HEALTH AND. ECONOMIC ASPECTS
OF COMPOSTING *

Status of composting throughout the world

Composting in some form has been practised throughout the world for
many centuries. It may be defined broadly as the biological decomposition
of organic matter to a relatively stable humus suitable for agricultural
soils. Biological decomposition may take place under aerobic, partially
aerobic, or anaerobic conditions, and at mesophilic or thermophilic temper-
atures. In the practice of composting, however, the major part of the

* Abridged from an unpublished communication by C. G. Golueke, Ph.D., P. H. McGauhey, M.S.,
and Harold B. Gotaas, Ph.D., Sanitary Engineering Research Laboratories, University of California, USA.
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process is carried on by thermophilic micro-organisms under aerobic or
partially aerobic conditions. About 30 years ago, Sir Albert Howard, in
collaboration with Jackson and Wad, systematized the ancient composting
practices of China and introduced his process into India. Known as the
Indore process because of the place of its development, the method is a
partially aerobic one, involving the piling on open ground to a height of
about five feet (1.5 m), or the placing in pits, of alternate layers of readily
putrescible materials such as garbage, night-soil, animal manure, or sewage
sludge, and of relatively stable organic matter such as straw and leaves.
The mass is usually turned twice during the composting process and liquor
draining from it may be recirculated.

The Indore process with minor modifications is used in a number of
other countries. At various places in England and Scotland, for example,
it is used to compost street-sweepings; street and market refuse, garbage,
and stable manure; municipal refuse, sewage sludge, and sewage screenings;
sewage sludge, waste vegetables, and straw. In South Africa, the process is
used to compost a mixture of village refuse and night-soil, while in Australia
and New Zealand it is applied to municipal refuse and sewage sludge.

At about the time Sir Albert Howard was refining the early practices
of China and India, considerable effort was being directed in Europe
towards mechanizing the composting process. During the decade 1920-30
various mechanical innovations were designed and patented. One of the
most successful processes was developed by Dr. Giovanni Beccari, of
Florence, Italy. This is essentially a partially aerobic process carried on in
a closed cubical cell equipped with air vents. A modification of the Beccari
method involving recirculation of gases or of drainage liquors is known as
the Verdier process. More than 50 municipalities in Italy and France are
reported to be using the Beccari or the Verdier process for composting
municipal wastes.
A further modification of the Beccari method was made by Buggiano-

Pico in 1925 and by Bordas in 1931, by introducing forced air into a fer-
mentation silo. The same idea with many variations is being promoted by
various individuals in the USA and elsewhere, but there is no record of the
successful operation of such a device on a practical scale.

The V.A.M.-N.V. Vuilafvoer Maatschappij (Refuse-Disposal Com-
pany Limited) -operation has been carried on in the Netherlands since 1932.
It is essentially an adaptation of the Indore process to the composting of
street-sweepings, ashes, and municipal refuse in long high piles with no
treatment other than sprinkling with recirculated drainage liquor during a
3-8-month composting period. A more recent installation involves grinding
the refuse, and aeration by turning-a procedure which approaches fully
aerobic conditions.

In some communities in Denmark and Sweden, mixed municipal refuse
is prepared for composting by the Dano process, which consists of mechani-
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cal grinding and segregation, followed by composting in open piles,
5-6 feet (1.5-1.8 m) high, under partially aerobic conditions.

Until recently, composting has been given little attention in the western
hemisphere, and few composting plants are in operation. Operations which
are apparently successful are under way in El Salvador, where garbage,
sewage sludge, slaughter-house wastes, and other refuse are being composted
in a mechanized plant by an aerobic process. It is reported that a com-
posting plant is being planned for construction in the near future in Mexico.

In the USA the need for new methods for the disposal of municipal
refuse was the principal factor in the present widespread interest in com-
posting. Because of land values and labour costs, peculiar to cities in the
USA, a rapid, mechanized process is favoured. Therefore the completely
aerobic method seems most suitable. In one installation, a mixture ofselected
garbage and sewage sludge is being composted in seven days by the Frazer
process. This process, patented in 1949, is fully mechanized and involves
continuous aeration by mechanical means. It is reported that a plant for
the production of 100 tons (101,605 kg) of compost a day is to be built in
the near future by the Compost Corporation of America, in Oakland,
California. Another procedure, developed by the University of California'
for composting mixed municipal refuse, with or without sewage sludge or
other organic wastes, is fully aerobic and is adaptable to a wide variety
of local conditions. After removal of metals and other non-compostable
objects, the refuse is shredded and placed in open wind-rows, 5-6 feet (1.5-
1.8 m) in height. About every third day turning is done with mechanical
equipment. At the end of about 12 days the finished compost is re-ground
for marketing.

Public-health aspects of composting

No definite statement can be made on the possible health hazards
involved in the composting of night-soil or raw sewage-sludge with municipal
refuse, since no specific studies have been made on the survival of pathogens
during the composting process. There are good reasons to believe that
such organisms are destroyed in well-operated composting. In research
carried out by the University of California, sustained maximum temperatures
of 650-700C were invariably attained. Similar maximum temperatures are
also widely reported for partially aerobic composting. These temperatures
exceed the thermal death point of the pathogens listed in table I.

Careful observations made in various regions where composting of
night-soil or sewage sludge has been conducted on a large scale have failed
to demonstrate any incidence of disease resulting either from the operation
itself or from the use of the finished compost. In England, the Medical

I University of California, Sanitary Engineering Research Laboratories, Reclamation of municipal refuse
by composting, Berkeley (Technical Bulletin No. 9)
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TABLE I. EFFECT OF HEAT ON VARIOUS ORGANISMS

Organism Observations

Salmonella typhosa No growth beyond 460C; death within 30 minutes
at 550-600C

Salmonella sp. Death within 1 hour at 550C; death within
15-20 minutes at 600C

Shigella sp. Death within 1 hour at 550C
Escherichia coli Death generally within 1 hour at 550C, and

within 15-20 minutes at 600C
Entamoeba histolytica cysts Death within 5 minutes at 550C
Taenia saginata Death within 5 minutes at 710C
Trichinella spiralis larvae Infectivity reduced as a result of 1-hour's

exposure at 500C; death within 10 minutes
at 620-720C

Necator americanus Death within 50 minutes at 450C
Brucella abortus

Bruce.la ~ Death within 3 minutes at 610CBrucella suis
Micrococcus pyogenes var. aureus Death within 10 minutes at 500C
Streptococcus pyogenes Death within 10 minutes at 500C
Mycobacterium tuberculosis var. hominis Death within 15-20 minutes at 660C, or

momentary heating at 670C
Corynebacterium diphtheriae Death within 45 minutes at 550C

Research Council states that " in all cases so far known, no risk to human
health from the manufacture of these composts is likely to arise ".2 Scharff3
in Malaya, and Van Vuren 4 in South Africa, are both of the opinion that
the high temperatures found in a well-managed mass of composting material
would destroy all pathogens. The second report of the New Zealand
Inter-Departmental Committee on Utilization of Organic Wastes asserts
that " no evidence has been introduced to show that the use of properly
made compost would constitute a danger to human health ".5 Blair 6 and
Hamblin 2 state positively that the correct manufacture of compost destroys
organisms responsible for the spread of intestinal disorders, and also the
poliomyelitis virus.

It seems likely that biological antagonisms may contribute to the disap-
pearance of pathogens during the composting period, since it is an observed
fact that such disappearance normally takes place in an adverse environment
populated by diverse groups of organisms.

Evidence is reasonably strong of the inability of fly eggs, larvae, and
pupae to survive the high temperatures of the composting process. In
detailed studies made by the University of California and the Bureau of
Vector Control of the California Department of Health, it was found that

2 Stoughton, R. H. (1952) J. Soc. Engrs, 43, 153 (Discussion on paper by Gutteridge)
3Howard, L. E. (1952) J. Soc. Engrs, 43, 155 (Discussion on paper by Gutteridge)
4Van Vuren, J. P. J. (1949) Soil fertility and sewage. An account of pioneer work in South Africa in the

disposal of town wastes, London, pp. 1-236
5 N.Z. Engng, 1951, 6, 1
6 Blair, M. R. (1951) Publ. Hith (Johannesburg), 15, 29 50
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the composting material itself had little or no attraction for adult flies.
No flies in any stage of development could be found in piles of composting
municipal refuse, despite the fact that fly larvae were observed in abundance
in garbage to be processed. Van Vuren 4 also reports the thermal killing
of fly larvae during composting by the Indore process. Observers in New
Zealand reported that, although flies usually inhabit the raw-garbage
receiving-hopper, none appeared in the composting piles. A report 7 by the
Agricultural Research Council, in England, states that rapid heating kills
fly larvae and therefore prevents completion of the fly life-cycle.

Little if anything has been reported on the effect of refuse composting
on rodent infestation. The high temperature found inside a composting
mass of material and the nature of the composting material itself would
tend to discourage any rodent invasion. During the studies carried out by
the University of California, no evidence of the presence ofrodents could be
detected at any stage of the operations.

The foregoing considerations of the hygienic aspects of refuse disposal
assume that the composting procedure is characterized by certain essential
features. First, it is necessary to employ a method in which high tempera-
tures are attained. Composting under aerobic and partially aerobic condi-
tions, as practised throughout the world, normally fulfils this requirement.
Second, it is imperative that all parts of the pile be exposed to high tempe-
ratures to destroy pathogens, and re-exposed at intervals of 3-5 days if the
total absence of flies is to be ensured. The effect ofturning on the destruction
of fly larvae was investigated by Van Vuren.4 He found that 85% of the
fly larvae present in composting material were killed when the material was
turned on the third day and again on the eighth day after composting was
begun. He surmises that a third turning would have killed the remaining
15%. In any event, material composting in direct contact with the soil
must be kept sufficiently aerobic to prevent the formation of drainage
liquors. Otherwise the moist soil adjacent to the compost pile may be an
ideal breeding-place for flies.

The soundest composting procedure may prove unsatisfactory from a
public-health standpoint unless hygienic methods of collecting refuse are
adopted. Rubbish falling off collection vehicles must be picked up and
equipment must be cleaned after each day's operation in order to prevent
odour nuisances and the infestation of flies and rodents. Especial care must
be exercised when night-soil or sewage sludge are added, if the health of
workers is to be safeguarded.

Economic value of compost
The economic value of compost varies widely throughout the world

with the habits, customs, and needs of different peoples. It depends upon a
'Great Britain, Ministry of Agriculture and Fisheries (1948) The agricultural use of sewage sludge and

sludge composts, London (Memorandum by the Agricultural Research Council Conference on Sewage
Sludge and Composts. Technical Communication No. 7)
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variety of factors, such as the degree to which men recognize the intrinsic
value of compost on agricultural soil; the extent to which soil conservation
is practised, whether through necessity or foresight; the availability of cheap
inorganic fertilizers; the extent to which farmers are accustomed to rely on
inorganic fertilizers; the procedures by which agriculturists make farming
profitable; and, in some cases, the legal definition of a " fertilizer ".

At one extreme, the use of compost on the soil is the very basis of
survival. Here its economic value is inestimable, yet to produce it commer-
cially as a business enterprise would not be feasible, even though there is no
competition from manufacturers of other fertilizers, because of the financial
limitations of a survival economy. At the other extreme, compost represents
just another soil additive, available in small amounts to the home gardener
but of no import to the farming business. In this case its economic value
is at present four or five times what it would be if it were produced in quantity
and accepted by business farmers.

Recognition of the value of compost on agricultural soil plays a very
important role in its acceptance and economic value. This is demonstrated
by the fact that both the smallest and largest users of inorganic fertilizers, as
represented by China and India on the one hand and the Netherlands on
the other, are also the greatest producers of compost. No data are at hand
concerning the cost of production of compost by individuals or by group
enterprises in India and China. In the Netherlands, however, where compost
is used as a supplement to commercial inorganic fertilizers, the demand
exceeds the supply at a 1951 price of 2.75 Dutch florins ($0.72) per ton 8 at
the factory, or about 6.00 Dutch florins ($1.58) per ton when delivered to
the farmer.9

In South Africa, a government-supervised enterprise, started during the
second World War for the composting of agricultural refuse, municipal
refuse, and night-soil in 110 communities, realized a profit, in South African
pounds, of about 3s. 6d. ($0.50) on each cubic yard 10 of compost sold at
lOs. 6d. ($1.47) per cubic yard weighing about one-third of a ton.4 The
project was drastically curtailed, however, when inorganic fertilizer again
became commercially available. The reasons for curtailment are reported
to include, in addition to economic factors, the nuisances attending the
improper management of open pits containing an excessive amount of
night-soil.

In New Zealand, the 1951 market value of municipally produced compost
is reported as £NZ 7 ($19.30) per ton, or £NZ 3 ($8.30) per cubic yard,
in bulk at Auckland; and £NZ 5 ($13.80) per ton, or £NZ 2 ($5.50) per
cubic yard, in Dannevirke.5 An estimate of the cost of producing compost
in Auckland, under experimental conditions, based on the operation of a

1 ton = 1,016 kg
9 Westrate, W. A. G. (1951) Publ. Hlth (Johannesburg), 15, 70
10 1 cubic yard = 0.765 ms



NOTES ET RAPPORTS 313

100-ton per year pilot-plant, was £NZ 9 5s. ($25.50) per ton, or £NZ 3 los.
($9.65) per cubic yard. It was estimated that in a full-scale plant these
figures could be reduced to £NZ 8 8s. ($23.20) per ton, or £NZ 3 10s.
($9.65) per cubic yard. When municipal refuse was composted without
grinding, production costs at Dannevirke were reported as £NZ 10 ($27.60)
per ton, or £NZ 4 ($11.00) per cubic yard. If grinding were introduced
these costs could be reduced by about 30%.

In 1951, a private composting company in Sydney, Australia, was
reported to be selling compost in bulk for LA 4 10s. ($10.00) per ton, or
bagged for LA 6 10s. ($14.60) per ton, at the factory.5

In England, compost from 19 small communities at a central depot was
reported by Wylie 11 as selling in 1950 for £1 Os. ($4.20) per ton in bulk,
and £10 ($28.00) per ton in bags. Wylie plans to sell compost produced
at a composting plant recently opened at Kirconnel for £5 ($14.00) a ton
in lots of 1 to 5 tons and at 7s. 6d. ($1.05) per hundredweight 12 in lots of
1 to 10 hundredweight ex works during 1953 and 1954.13 Brunt 14 estimated
that the cost of producing compost from municipal refuse in England in
1950 was about £1 Os. 6d. ($2.87) per ton. This figure corresponds closely
to an estimate made by Burke 15 in 1949 of 18s. 9%2d. ($2.65) per ton of
finished product.

Data on production costs in the USA are somewhat fragmentary because
of limited experience in full-scale composting. Commercial enterprise has
been slow to develop composting, because refuse is municipally owned and
the market for large quantities of compost is undeveloped. Little is
known about the acceptance of compost by large-scale farmers. Cities have
likewise not undertaken composting because of their primary concern with
disposal rather than reclamation, and because of the lack of engineering
data on the process, as applied to conditions in the USA. Nevertheless,
operation of the mechanized Frazer Plant at Bay Shore, New York, and of
an open-compost project at Oakland, California, indicate that compost
can be profitably produced for sale at about $5.00 per ton, and that it will
be accepted by agriculturists at such a price.

There are good prospects for the future that the economic value of
compost may reduce the cost of disposing of municipal wastes and sewage
sludge. When part of the present cost of refuse disposal and of sewage
treatment is subtracted from the cost of producing compost, a municipality
should be able to produce it at a price which would guarantee its acceptance,
even in areas of the world where commercial fertilizer is widely used and
where farmers are not of necessity concerned with the reclamation of
organic wastes.

Wylie, J. C. (1950) Interim report on composting, Dumfries (Dumfries County Council)
121 hundredweight = 50 kg
'3 Publ. Cleansing, 43, 547
t Brunt, L. P. (1950) Surveyor (Lond.) 109, 241
15 Burke, C. E. (1949) Munic. Engng sanit. Rec. 124, 212; 223
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In conclusion, it may be said that the economic value of compost is
inestimable in areas where no other fertilizer is economically available and
soil fertility must be maintained at a maximum. In most areas where
organic fertilizer is commonly used, compost is used as a supplement and
soil conditioner, and has been demonstrated to be saleable for at least the
cost of production.


