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The reactor option is much more costly; the aerated pile costs,
however, are slightly worse for labor-intensive model B and slightly better
for models C & D by about US$4/ton in NPV terms than the base case economic
models. The potential advautage of the aerated pile system is that the
process is somewhat more controlled.in terms of uniform temperature achieved,
which is critical in destroying the pathogens in the night soil sludge and
septage and thus removing them from the environment. The aerated piie system
should be investigated as the system of lowest cost when considering co-
composting.

Sensitivity of the economic models to land pricing was also tested.
There was a marginal impact of higher land prices on the models' indicators
for the with or incremental bottom lines since land is a relatively minor
component of the compost plant net with project, and increased costs there are
offset by increased benefits (landfill forgone) in the without. The real
impact of land prices was seen in the widening of the difference between the
net with and net incremental indicators. The relative land valuation might
become critical in the situation where sanitary landfill options are no longer
available within a reasonable distance to the waste source.

Sensitivity tests on a combination of factors were also carried
out. These are intended to demonstrate the potential cost effectiveness of
co-composting in specific local situations that might be more favorable than
assumed for the base case analysis. These sensitivity results are presented
for Model A - 3tpd economic base case in table 46 below.

Table 46. Sensitivity Tests - Multiple Change

Model A - 3tpd - Economic
Category % Change from Base Case

Line Item Changes

Compost revenues +100 +50 + 25 +100 0
Recycled revenues +100 +50 + 25 +50 0
Reduced Landfill costs (without project) 0 +100 +100 +50 +200
Results
IRR - incremental +18.3 +15.5 +9.6 +17.5 +3.3
NPV/Ton - incremental (12%) + 3.0 +1.6 -1.1 +2.6 -3.8

From the illustrative calculations done here one may conclude that,
if local conditions correspond to any of these sensitivity scenarios, further
detailed investigation is warranted. However, any significant investment in
composting should be done only after detailed analysis of potential markets
and a commitment has been made to actively market the compost and recovered
recyclables.
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Many other sensitivity tests have been carried out and a copy of the
Lotus 1-2-3 template can be made on diskettes (one 5-1/4" IBM format required)
sent in by interested persons. A short user's manual will also be provided on
the diskette explaining the structure of the template. There are customized
menus that allow the selection of model size, economic or financial prices
(factors), as well as various sensitivity tests for IRR and NPV/PV on
investments, operating and maintenance, recycled materials, sales, compost
sales, tipping fee and without project (-100 percent, =50 percent, +100
percent, +200 percent, +300 percent, +400 percent, +500 percent). A custom
menu for printing the assumptions, or results, is also included. For those
readers familiar with the Lotus 123, any of the assumptions outlined in this
chapter can, of course, be changed to allow for analyses of specific
situations: (1) where compost values (prices) may be higher than the base
case assumptions because of, for example, scarce or poor quality land, large
horticulture industry, or shortages of inputs; (2) where a subset of the
domestic solid waste collected may not require sorting prior to co-composting,
as in produce markets; or (3) where sanitary landfill of domestic solid waste
is not an option such as when there exists a high water table or scarcity of
land and co-composting is thought to be a cost-effective component of the
waste management.




CHAPTER 7
SUMMARY

Refuse collection, treatment, and disposal is one of the major
problems facing urban planners and operators in many developing countries
today, in addition to the problems associated with inadequate treatment and
disposal of human wastes.

Unsightly piles of waste, drains clogged with refuse and night soil,
open sewers filled with human and domestic wastes, and septic tank sludge
dumped in the open are all examples of ways in which the urban environment is
being polluted today in many cities and towns of the developing world. City
dvellers are being exposed to diseases transmitted by pathogens present in
these wastes as well as to the nuisances produced by the situation. Further-
more, the volume of waste being produced is rapidly increasing with the influx
of rural dwellers into the urban environment. Indeed, proper refuse and human
vaste management is fast becoming a priority in many cities in developing
countries that are rapidly growing in size,

In the preceding chapters, co-composting of garbage with human wastes
has been described in detail through both a review of the literature and
economic and financial models, with discussion centering on the following
issues?

- the robustness of the aerobic composting process
- the variety of available composting systems
- the possibilities of co-composting different wastes

- the effectiveness of efficient composting systems in destroying
disease-causing organisms

- the many uses of compost
- the economics of different-sized composting systems,

The choice of co-composting as a waste treatment alternative for
garbage and human waste must be considered in the light of other existing
treatment alternatives such as landfilling, incineration, and the ocean
dumping of sludge.

Before deciding to compost, the planner must consider and review
several basic factors already described in previous chapters. This includes
information on the waste materialj transport of the wastes and the compost
that is produced; marketing of the productj the construction, operation, and
maintenance costs; the location and land requirements of the plant; and the
type of plant that would be most suitable for producing compost under local
conditions. If the decision is taken to consider composting as an option for
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waste treatment and management, the role these factors will play in ensuring
the success of a composting operation must be stressed. Some of the more
significant elements are reiterated below,

WASTE MATERIAL

It is important to determine the nature and composition of the wastes
to be composted. Such basic information will be of use later when the time
comes to choose an appropriate composting system. Furthermore, it is useful
to know how the collection of these wastes would fit into the overall waste
management system (e.g., landfilling and incineration) and if there are
already vaste-recyclxng activities to which this could be added, such as
otganxzed sorting of garbage for recyclables or scavenging and biogas opera-
tions.

MARKET

Is there a market for any compost that might be produced? Perhaps
there are crop farmers or horticulturists in the city outskirts who would use
it to improve the qual;ty and ptoduct1v1ty of their crops. Maybe the public
or private sector is involved in a landscaping program, or perhaps there is
badly eroded topsoil or sandy and/or clay soils that could be reclaimed for
ptoductxve use. The financial viability of co-compost:ng garbage and human
waste is dependent on a well-developed market that is willing to pay at least
for the costs of production.

COMPOST PLANT

Next, we ask about the type of plant, taking into consideration
possible location, availability of trained technical staff and manual labor,
and financial resources to cover capital and operating costs, in order to
determine which system would be most appropriate for the city. Economic and
financial feasibilities will be of importance in considering the costs
involved for & specific system. The planner may often find that a simple
windrow or forced aeration system will best suit the capabilities of the
establishment and will be therefore most effectively run. There is also the
consideration of the potential for manufacture nationally, thus reducing the
requirement for foreign exchange components.

PILOT SCALE COMPOSTING

Once the vaste materials and composting system have been identified,
it is useful, if a large-scale operation is being planned, to start with a
pilot plant. This will serve two purposes: first, the prospective operators
will become familiar with the process; second, it will serve as a good public
relations exercise to produce small amounts of compost for sale or as samples
for the potential market.
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BENEFITS AND JUSTIFICATION

Finally, what benefits accrue from the separation/compost opera-
tion? There are those that can be readily quant.ified, such as reducing the
need for sanitary landfill of garbage and recovaring materials for industry,
which often obviate importation or mining of uimilar industrial materials.
For specific waste management activities, the careful integration of
composting operations should allow for more efficient collection networks, the
savings of which can easily be quantified and used to offset the cost of
compogting. In addition, it should be relatively simple to demonstrate the
benefits of compost in terms of improved soil productivity, measured as
increased yields and/or reduction of othzr inputs (fertilizers and water), and
easier tillage. This can easily be carried out in a controlled trial using
compost produced locally on a trial basis for two or three cropping seasons
perhaps at the pilot compost plant.

Other benefits, such as the effect of compost on the quality and
longevity of the soil, the reduced health risk of having pathogenic material
in the environment, and the improved aesthetic quality of the surroundings,
are difficult to quantify but are of importance in ensuring adequate mainte-
nance of the environment.

There are many examples in the world where the high costs of environ-
mental degradation are plainly seen with hindsight but were not quantified at
a time when something could have been done to prevent them. The valuation of
productive soils in the future may be much greater than we now can quantify
and, with hindsight, composting may eventually look more attractive.

Situations in which the economic models will show that composting is
economically viable or the least-cost waste management alternative are quite
site-specific. Where landfilling of waste is very costly due to high land
values or high transport costs, composting may become the least~cost alter-
native for waste management. Often the composting plant can be located in
such a way as to reduce collection and landfill costs, both of which should be
included as benefits when evaluating least-cost waste management alterna-
tives. The marketability for the compcst is the other critical benefit. At
the present time horticultural nurseries in peri-urban areas and desert land
reclamation areas offer the best economic returns. It is possible, however,
that the economic benefits from improved soil structure are considerably
greater than has been generally appreciated, although the analysis in this
report does not attribute any specific economic value to such improvement,
simply because there is a lack of empirical field data from which to quantify
economic returns. Were such quantification to be available, it is likely that
the models prepared for this report would show that composting is also
economically attractive under other conditions.

To embark on a large composting operation is to embark on a long-term
activity which ensures both the improvement of soil for agricultural purposes,
at a time when increased food production is so important, and the conversion
of waste materials into resources.
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ANNEX A

OTHER METHODS OF CO-COMPOSTING WITH SEWAGE SLUDGE AND NIGHT SOIL

SEWAGE SLUDGE AND NIGHT SOIL COMPOSTED WITH BARK

The composting of sludge and night soil together with bark is carried
out in both reactor and nonreactor systems. The use of bark depends, of
course, on the availability of the material (for example, on the location of a
wood-processing plant in the vicinity or within easy transport distance).
Table A-1 describes some of these systems. In all cases, the temperatures
achieved during the composting period would indicate adequate pathogen
removal. In compost plants where bark is used as a bulking agent, odor
control does not appear to be a problem, possibly because of the odor-
absorbing properties of the bark. Problems can occur if the wood has been
treated with pesticides, since they may persist in the compost.

SEWAGE SLUDGE AND NIGHT SOIL COMPOSTED WITH STRAW

Straw is a waste material that is readily composted with sewage
sludge in reactor as well as nonreactor systems. The examples described in
table A-2 are of both types (though mainly the latter). The use of straw in
composting is common in farming communities but is not limited to them. As
table A-2 indicates, a windrow compost product can be ready within 4 months of
starting the process. Forced aeration would speed up the composting process.

SEWAGE SLUDGE AND NIGHT SOIL COMPOSTED WITH WOOD CHIPS

The Beltsville aerated static pile composting process is well
documented and reviewed in the literature (see, for example, Nurizzo 1981).
The windrow method of composting sludge with wood chips is also well
documented. The two processes are similar in terms of product quality but the
windrow method appears to be more suitable for digested than for raw sewage
sludge. The forced aeration process is also used for composting night soil
(Patterson and Rogers 1979; Shuval, Gunnerson, and Julius 1981).
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Table A-1, Composting of Sludge and Night Soil with Bark
Raw material Process Description Reference
Night soil Ory Bark was added to night Alestalo and
and bark {summer ) soii In dry toilets at Koistinen
toilet the rate of 4 parts bark (1975%)

to | part night soil,

Temperatures of over 60° C

were achieved,
Siudge and Windrows Bark and siudge (and Adams (1971)
bark other wastes) were mixed

together and composted to

produce "Bambe," a market-

able product,
Digested Open Dewatered digested sewage
sewage, baskets sludge was mixed with bark (1:3)
sludge, and composted in large baskets
and bark that could be easily stacked,

Temperatures of up to 75° C were

attained, The retention time

in the baskets was 9-12 weeks

fol lowed by 3-4 weeks maturation

in piles to produce "Rindekompost,”
Raw dewatered Windrows Dewatered sewage sludge (25 Wesner (1978),
sewage sludge percent solids) mixed with Oiver (1980)
and bark bark (1:3) and composted

in windrows for at least 21

days, In generai, tempera-

tures of 50-75° C are main-

tained for at least half

of this time, although

It is less in the winter,
Dewatered Verticai Dewatered sludge (22-25 per- Schwiinhauser
sewage reactor cent solids) is mixed with (1978),
sludge and with 10 bark (2:1) and fed into a Bidlingmaier
bark (and levels 10~level reactor, Retention (1979), Tabasaran
racycled Dambach time is 30 days and move- (1980), Tabasaran
compost) Schnoor ment from leve! to level et al, (1981)

through traps in floor
occurs every 3 days, Tem-
peratures are usually main-
tained a* 70° C or higher
for about 10 days and over
50 © ¢ more than 15 days,
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Composting of Sliudge and Night Soil with Straw

Raw material Process

Description

Reference

Raw dewatered Windrows

sewage sludge
and straw

Raw dewatered Windrows
sewage sludge
and straw

Digested Windrows
sludge and
straw

Sewage Biomist
sludge and windrow
straw

(Full-scale experimental
piant,) The sewage siudge
(25-30 percent solids) was
mixed with straw (1:1
volume) and composted in
windrows, which were turned
regularly (8 times) for 3
months, At the end of this
time the compost was ready
for use, Temperatures of
55-60° C were regutarly
achieved even in some of
the colder months,

Experiments, The sludge
(21,8 percent solids) was
mixed with straw at a ratio
of (28:1), Temperatures of
55-62° C were maintained

in windrows, which were
turned once weekly for 3
months (in earlier stages
there were problems with
fly control),

Experiment,

Digested sludge was mixed
with straw at a ratio of
1:1425 in windrows for 6
weeks during which tempera-
tures of 65-70° C were
achieved as above, except
the ratio of mixture was
1:5 of siudge to straw,

The straw is chopped and
mixed with the sewage sludge
and then sprayed out into

a windrow,

Muhiacker (1980)

Tabasaran and
lLausterer (1979)

Klausing
(1975),
Bidlingmaier
and Tabasaran
(1980),
Bidlingmaier
(1979),

Bidl Ingmaier and
Bickel (1980),
Strauch, Berg,
and Fleischle
(1980)

Bidiingmaier
(1979),
Bidlingmaier and
Bicke! (1980),
Bidlingmaier and
Tabasaran (1980)

(Co“*.)
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Raw material Process Description Reference
Sewage Dambach Dewatered sewage siudge Bidiingmaier
sludge and Schnorr is mixed with chopped and Bicke! (1980)
straw reactor straw (and/or other buiking

agents) and fed into the

reactor, which has a reten-

tion time of 30 days,

Table A-3, Description of the Beltsville Aerated Static Plle

and Windrow Composting

Raw material Process description Reference
Sewage sludge and Digested sewage sludge is mixed Daltaire
wood chips (windrow) with wood chips (1:3 volume (1978)

Sewage sliudge and
wood chips (aerated
pile)

Night soil (toilet
wastes), paper,
wood chips (aerated
pile)

ratio) in windrows 1,8 meters
high and 2,1 meters wide, The
windrows are turned daily for at
least 2 weeks, then they are
spread out, dried, and cured for
30 days, The wood chips are
screened out for reuse,

Raw sewage sliudge(22 percent solids)
is mixed with wood chips, and then
transferred to a composting pad
consisting of wood chips spread
over perforated piping, Alr is
drawn through the pipe info a
compost filter, The pile is
maintained for 21 days followed

by screening and drying, Tempera-
tures of 55° C are achieved
throughout the pile,

The night soil is mixed with paper
and wocd chips on a concrete pad
and then transferred to the com-
posting pad, which is a bed of
wood chips covering a perforated
pipe, Air is drawn through the
pipe into a compost filter, The
pite is maintained for 21 days at
temperatures of 60° C for most

of this time, The compost is then
cured for 30 days,
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The two processes using sewage sludge are described briefly in table
A-3 together with a process using night soil (from chemical toilets). It
should be noted that it is not essential to use only wood chips in the
Beltsville process; other organic bulking agents (for example straw,
woodbark) may also be used. Detailed experiments carried out on pathogen
removal using the Beltsville aerated pile process have shown it to be
efficient at reducing the pathogen content of the product (Burge, Cramer, and
Epstein 1976; Burge, Marsh, and Millner 19773 Burge and Millner 1980).

SEWAGE SLUDGE AND NIGHT SOIL COMPOSTED WITH OTHER MATERIALS

Many other raw materials have been composted together with sewage
sludge and night soil. Some of these are described in table A-4 to show the
versatility of the process.

In many areas, animal wastes are compostei together with sewage

sludge and/or night soil. As noted in chapter 3, this should have no adverse
effects on pathogen control.

Table A-4, Methods of Composting Sewage Studge with Other Bulking Agents

Raw materiat Process Description Reference

Sliudge, mush- Biomist The mixture is sprayed out onto a Mach (1978)
room wastes, windrow windrow,

pou!try wastes,
organic bulking

agent
" Kneer The mixture is retained in the reac- Mach (1978)
bloreac~ tor for 14 days, Temperatures of
tor (BAV 60-85° C are maintained for most
system) of this time, Then the raw compost
is matured for 6-8 weeks in a windrow,
Raw sewage BAV Dewatered raw sewage (25 percent Oger (1981),
siudge and bioreac- solids) is mixed with sawdust and Bidlingmaier
sawdust and tor return compost (50, 10, and 40 (1979),
recycled (open ) percent, respectiveiy) and fed into Bid!ingmaier
compost a cylindrical reactor, which is and Tabasaran
open at the top, Retention time is (1980},
3 days, This is followed by 6-8 Tabasaran
weeks of maturation in windrows, et at,
Temperatures of 75-80° C are (1981)
reached,

(cont,)
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Raw material Process Description Reference
Raw sewage BAV As abave, except mixture is 1:1, Wolf (1974)
sludge and bioreac-
peat, straw tor
fignite, (open)
Raw sewage Weis The dewatered sewage siudge (25 per- Bidlingmaier
sludge and bioreac- cent solids) is mixed with sawdust (1979),
sawdust and tor and recycled compost and fed B8idlingmaier
recycled (closed) into a closed cylindrical reactor, and Bickel
compost, where it is retained for 10-14 days, (1980),
Bidiingmaier
and Tabasaran
(1980),
Tabasaran
et al,
(1981)
Sewage siudge Biohum The raw materials are mixed Mach
and peat process together and composted in a (1978)
windrow windrow,
Sewage sludge Trough The digested sewage sliudge is mixed
and rice hulls fermenter with rice hulls and finished compost
and recycled (V:1:1 volume) and fed into a trough
compost where it is composted for 2 weeks
by forced aeration and turning,
This is followed by 1-2 months of
maturation, Temperatures reach
up to 70° ¢.
Sewage sludge Fairfield Dewatered sewage sludge is mixed Wesner
and shredded digester with shredded paper and fed lato (1978)
paper reactor a reactor, The retention time is
7 days and temperatures reach
70° ¢ during this time,
Sewage sludge Triga The sewage s!udge (15-20 percent Schneider
and sawdust process solids) is mixed with sawdust at a (1981)
(aiso recycled cell ratio of 1:5 wt and fed into
compost) reactor a vertical reactor consisting of

four cells, The retention time is
12-15 days and temperatures of
70-80° C are achieved, Matura-
tion occurs in piles (in a8 shed)
in which temperatures often reach
50° c.,

(cont,)
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Raw material Process Description Reference
Sewage sludge Windrows The windrows are turned for 3 months Heaman
and sawdust and then sold as a product "Grow (1977),
(and other Rich," The contents of the windrows Breer
bulking are dewatered sewage sludge (30 per- (1980)
material) cent solids) and sawdust at weight
ratios 80:20, The maximum tempera-
ture achieved is 74° C,
Water Windrow/ Experiment, Night soil, water Poiprasert
hyacinth, piies hyacinth, and (in some cases) and
night soil, rice straw were mixed and com- Muttamara
rice straw posted in piles for 2-3 months, (1980,
Temperatures of 43-64° C were Polprasert
maintained for at least 8 days et al,
in the coolest parts of the piles, (1982)
Night soil Windrows Night soil is mixed with different Kim and
rice husks, aeration amounts of rice husks, grass cut- and Bae
grass by tings, or briquettes of cinder into (1981)
cuttings, various windrows, These are serated by
briquette methods various methods, Temperatures of
cinder up to 70° C are achieved and

»50° C maintained for at least
8 days,
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SEWAGE SLUDGE AND NIGHT SOIL COMPOSTED
WITHOUT THE ADDITION OF BULKING AGENTS

The processes described in table A-5 indicate some of the ways in
which sewage sludge or night soil can be composted without the addition of any
bulking agents. In all the examples given, the sludge has to be dewatered
before being mixed with the recycled compost. (If night soil is used instead,
some dewatering may also be required.) The temperatures achieved during
composting in the examples given here should be sufficient to ensure a
relatively pathogen-free product if they are maintained for almost all the
retention time and are kept uniform throughout the reactor.

Table A-5, Methods of Composting Sewage Sludge and Night Soil Alone

Raw material Process Description Reference
Sewage siudge Laboratory Dewatered sludge cake was Schuchardt and
and recycied reactor successful ly composted in a Baader (1979)
compost laboratory scale reactor in

which temperatures of 60-70° C
were maintained,

Digested Bioreac- Dewatered digested sewage Mol lliet (1981)
sewage sludge tor sludge (20-25 percent solids)

and recycled is mixed with recycled compost in

compost a vertical reactor for 14 days,

(also some Temperatures of 60-70° C are

sawdust) reached, The air drawn out of

the reactor is passed info an
activated sliudge tank, Matura-
ration of compost takes place for
6 weeks in windrows,

Sewage HKS The sludge and recycled Bidlingmaier
sludge and process compost are added to a slowly (1979),
recycled rotating drum (which is Tabasaran (1980),
compost stopped at night). The Bid!ingmaier
retention time is 24 hours and Bicke!
followed by a 2-week maturation (1979),
period in a8 windrow, Temperatures Spennes and
of 60-75° C are attained. Britsch (1977)

(cont.)
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Raw material Process Description Reference
Dewatered Windrow The sewage sludge is mixed Gunn (1980)
sewage sludge with recycled compost at a
and recycled ratio of 3:2 and deposited as
compost a windrow, which Is turned by
a composter for 4 weeks, This
is followed by 30 days of matu-
ration,
Sewage Roediger The sewage sludge is mixed Widmer and
siudge Ferment- with recycled compost and Konstandt (1978),
(dewatered) technik put in a vertical reactor, Bidlingmaier
and recycled The retention time is 4-6 (1979),
compost days, after which the compost Bidlingmaier and
is put in s dryer for a further Bicke! (1978),
4-6 days; it is then pelleted Tabasaran et al,
and stored for sale. Tempera- (1981),
tures of over 65° C are Bidl ingmaier and
attained in the reactor, and Tabasaran
(1980)
Dewatered Forced The sewage sludge and recycled
sewage aeration compost are mixed and ground and
sludge and through fed into the fermenters, where the
recycled fermenter mixture is aerated and turned,
compost The retention time is 10 days
and temperatures of up to 15° ¢
are attained, The compost is
then graded and bagged.
Raw or Vertical The dewatered sludge is mixed Maebashi (1980)
digested reactor with recycled compost and fed
sewage (pilot into a vertical reactor
sludge and plant) consisting of two levels,
recycled Retention time is 7-9 days,
compost during which temperatures of

65-70° C are reached and
maintained,

(cont,)
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Raw material Process Description Reference
Raw sludge The dewatered sludge (60 percent
and recycled moisture) is mixed with finished
compost compost three parts to two and the

mixture is laid as a windrow

over a bed of straw on a con-

crete floor having an aera-

tion-and-drainage system, A

Cobey composter is used to mix

the materials, The retention

time is 4 weeks, followed by 30

days of curing, Temperatures

reach 76° C during this time,
Digested Pel lets The sludge [s dewatered Spohn
or condi- in piles and passed through a mincer (19rg)
tioned to make peilets, These are
sludge and piled for up to 8 weeks after
recycled mixing with recycied compost,

compost
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ANNEX B
PATHOGEN SURVIVAL

Table B-l. Survival of Bacterial Pathogens during Composting
Raw Temper- . .
Pathogen Material ature Time Survival Source
Type (°c) &
Bacillus Refuse/sludge 40-43 3 days ¢ Miersch and
anthracis in reactor 7 days 0 Strauch (1978)
15 days
B. anthracis Refuse/sludge 65 2 weeks 0 Miersch and
o in windrow Strauch (1978)
B. anthracis Refuse/sludge 58 12 days 0 Miersch and
in reactor 74 12 days 0 Strauch (1978)
Escherichia 55 - 0.01 Wiley (1962)
coli
E. coli Dewatered raw
sludge and 50-70 14 days 1 Burge and
wood chips Cramer (1974)
in windrow
E. coli Refuse and 55 2 days 0 Krogstad and
sludge in Gudding (1975)
drum 55 7 days 0
E. coli Night soil and 29 - 0.0l McGarry and
rubbish in 40 - 0 Stsinforth
pile, aerobic (1978)
and anaerobic
E. coli Raw sludge, 50~70 3 days (low) Burge et al.
digested 40-60 14 days 0 (1978)
sludge
Mycobac- Refuse 65 14 days 0 Morgan and
terium MacDonald
tuberculosis (1969)

(cont.)




Table B~1 (cont.)

- 86 -

Raw Temper-
Pathogen Material ature Time Survival Source
Type (°c) y
Salmonellae Sludge 60 8 days 0 Faust and
windrow Romano (1978)
Salmonellae Activated and 1-5 weeks high Wesner (1978)
primary sludge
windrow
Salmonella Refuse compost 55 3 days 0 Golueke and
(DANO) 17 hours Gotaas (1954)
Salmonella Refuse and 55-70 50 days 0 Knoll (1959),
SpPPe. sludge in quoted Wiley
windrows (1962)
Salmonella Sewage sludge 50-70 14 days 0 Burge and
Spp. and wood chips Cramer (1974)
Salmonella Refuse and 7-21 days 0 Gaby (1975)
Spp. sludge windrow
Salmonella Sludge windrow 10 days 0 Epstein et al.
Spp. (1976)
Salmonella Refuse and 65 2 weeks 0 Miersch and
dublin sludge in Strauch
windrow (1978)
S. dublin Refuse and 40-43 3 days 0 Miersch and
sludge in 7 days 0 Strauch (1978)
reactur, 15 days 0
4R percent
square
centimeters
S. newport Sewage 60-70 15 hours 0 Wiley and
sludge Westerberg
(1969)
S. paratyphi Refuse and 50 2 days 0 Knoll
sludge in (1958)
windrows

(cont.)
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Kaw Temper-
Pathogen Material ature Time Survival Source
Type (%) 3
S. paratyphi Garbage 30-65 68 hours 0 Barth and
Brauss
(1967)
S. paratyphi Feces and 68 14 days 0 Savage, Chase,
garbage and MacMillan
windrow (1973)
S. seftenburg Refuse and 40-43 3 days 0 Miersch and
sludge in 1 days 0 Strauch
reactor, 15 days 0 (1978)
48° ¢
centimeters
S. seftenburg Refuse and 65 2 weeks 0 Miersch and
sludge in Strauch
windrow (1978)
S. typhi Garbage 30-65 68 hours 0 Barth and
Brauss (1967)
S. typhi Feces and 55 40 days 0 Savage et al,
garbage (1972)
windrow
S. typhi Night soil 50 1 month 0 Chinese Academy
and garbage 55 5 days 0 of Sciences
(1975)
S. typhi- Refuse and 65 2 days 0 Krogstad and
murium sludge 55 4 days 0 Gudding (1975)
Shigellae Refuse 55 3 days 0 Golueke et al.
compost 17 hours (1954)
DANO
Sh. sonnei Garbage 60 1-3 days 0 Baetgen
55 3-7 days 0 (1962)
Sh. dysen- Night soil 5 days 0 Feachem et al.
teriae (1980)

- not stated.




- 88 -

Table B-2. Survival of Viral Pathogens during Composting
Raw Temper-
Pathogen Material ature Time Survival Source
Type (°c) Z
Bacterio- Sewage sludge 40 6 days 0 Krige
phage and grass, 14 days ) (1964)
sewage sludge 38-60 6 days 0
and refuse 14 days 0
Bacterio- Sewage sludge 50-70 2 weeks 1 Burge and
phage and wood chips, Cramer (1974)
£y sewage sludge 50-70 2 weeks 10
and wood chips
turned once
" " 50-70 2 weeks 0
and 70 days
" " mesophi-
lic 1 month 1
Bacterio- Raw sludge 50-70 50 days 0 Kawata,
phage and wood chips, Cramer,
£, digested sludge 40-60 70 days 0 and Burge
and wood chips (1977)
Coliphage f, Sludge and 50 13 days 0 Burge et al.
wood chips 21 days 0.001 (1978)
Poliovirus Sludge 35-58 7 days 0 Krige (1964)
Poliovirus 1 Sewage sludge 60-70 3 days 0 Wiley and
Westerberg
(1969)
Poliovirus 1 Refuse and - 8 days 0 Cooper and
sludge Golueke
(1975)
Poliovirus Sludge and - 3-7 days 0 Gaby (1975)
type 2 refuse mix
(inserted)

- not stated.




Table B-3.
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Survival of Protozczl Pathogens during Composting

Raw Temper-
Pathogen Material ature Time Survival Source
Type (°c) z
Protozoan VYegetable 55-60 3 weeks 0 Scott
cysts matter and (1952)
feces
Entamoeba Refuse and 49 8 days 0 Gaby
histolytica sludge 55 7 days 0 (1975)
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Table B-4. Survival of Helminthic Psthogens during Composting
Raw Temper=-
Pathogen Material ature Time Survival Source
Type (°c) y 4
Helminthic Refuse/sludge - 7 days 0 Gaby (1975)
ova
Helminthic Refuse/sludge 40 28 days 6-0 McGarry and
ova Stainforth
(1978)
Ascaris Night scil 65 1 month 5 Stone (1949)
lumbricoides and garbage
ova
Ascaris Feces and 65 5 days 15 Scott (1952)
lumbricoides vegetable 12 days 4
ova matter, ash 22 days 0.3
soil 67 days 0
Ascaris Sludge 55-70 2 months 15-0 Murray (1960)
lumbricoides
ova
Ascaris Sludge 60-76 1 hour 0 Wiley and
lumbricoides Westerberg
ova (1969)
Ascaris Garbage and 5-64 105 days 1-0 Chinese
lumbricoides night soil Academy
ova of Sciences
(1975)
Hookworm ova Night soil 35-55 24 hours 0 Nicholls and
N.americanus Night soil 35-65 24 hours 0 Gunawardena
35-60 24 hours ] (1939)

- not stated.
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