








- 57 -

APPENDIX 1
Page 3 of 20

Table 1. Chemical Analysis of Raw Dewatered Sewage Sludge from the Blue
Plains Wastewater Treatment Plant, Washington, D. C., and the
Raw Sludge Compost Produced at the U. S. Department of Agri-
culture’s Composting Research Facility at Beltsville, Maryland.

Component ) Raw Sludge Raw Sludge Compost
Organic Carbon 31X 23%
Water 782 35-582
Potassium 0.192 0.16%
Phosphorus 1.462 1.02
Calcium 1.392 1.422
Magnesiun 0.41% 0.40%
Total Ritrogen 3.8% 1.62
Ammonia 1,540 ppm 235 ppm
Nitrate and Nitrite 1l ppm 3 ppm
Zinc 980 ppm 770 ppm
Copper 420 ppm 300 ppm

: ll:l.ckel 87 ppm 55 ppm
Cadniun 10 ppm 8 ppm
Lead 420 ppm 290 ppm

6. Monitoring and management 1/

7. Health aspects of sludge composting 1/

1/ Operational and research quality control are based on procedures in
Methods of Sofil Analysis, Agronomy Monograph No. 9, American Soclety of
Agronomy, Madison, WI. (1965) and in Standard Methods for the Examination

-~ of Water and Wastewater, l4th Ed. American Public Health Associatiom,

Washington, D.C. (1976).
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Figure 1 is a flow diagram illustrating the process for dewatered
(222 solids) sewage sludge. Modification of the process has been used for
liquid sludge or night soil as illustrated in figure 2.

Mixing

1. Two volumes of woodchips maximum dimensions of 4 to 5 cm, are mixed
with one volume of sludge. Other bulking materials which will be discussed

later may require different ratios.

The final mix should not contain lumps of

sludge larger then 7.5 cm in diameter. Mixing can be achieved by using a
front~end loader, farm tractor and rototiller, commercial mixers, pug mills or

rocary drums.

The selection of equipment will depend on the size of operation,

location of composting site, climatic conditions and availability of labor.

It is essential that the bulking material be kept as dry as possible so that
the final mix is at approximately 602 moisture without using excessive amounts
of bulking msterials. During mixing odors can be produced causing exces-

sive nuisance.

Where large volumes of materials are to be mixed, it would be

‘perferable to mix in an enclosed stationary mixing facility. In the case of
night soil, mixing in a closed system may also be hygienically preferable.

PROPOSED SYSTEM FOR COMPOSTINC NIGHT SOIL

The following sequence and operations is recommended for composting
night soil (Figure 2).

1. Delivery of night soil by tank trucks to a composting site.

2. Transfering the night soil into a mixing drum or storage tank.
A concrete mixer (tandem type) is ideally suited for a pilot
study.

3. Bulking materials are then added. A fine, absorbent bulking
material such as sawdust can be used initially to absorb
excess moisture. Finished compost itself can also be used.
The mix (concrete consistency) can then be applied onto a
bed of coarse material such as woodchips, or the woodchips
added to the previous mix in the mixer.

4. If the mixer is needed for incoming night soil, then the
first mix can be applied to a bed of woodchips and mixed with
a rototiller attached to a farm tractor. Mixing can also be
accomplished with a front—-end loader.

5. The final mix can then be used to build the aerated pile as
~ . described in the Beltsville Aerated Pile Method.




Figure 1. Flow Diagram for Composting Operation
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Figure 2. Flow Diagram for Compasting Night Soil or Liquid Sludge
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Bulkiqggxaterials

The purpose of the bulking materials is as follows:

a. Reduce the moisture content of the sewage sludge or night soil
to 50 to 60 percent.

b. Provide structure or porosity for air movement through the mixture.
The Beltsville Aerated Pile system is an aerobic process requiring

oxygen.

¢. Provide carbon to raise the Carbon to Nitrogen (C/N) ratio to
approximately 20-30 to 1. The C/N ratio of sewage sludge is
in the range of 9-15 to 1. Raising the C/N ratio reduces the
loss of nitrogen as ammonia. The addition of carbon as a
bulking material ensures the corversion of nitrogen into organic
constituents of the biomass.

Various materials can be used as bulking materials e.g. wood chips,
sawdust, wood shavings, peanut hulls, corn cobs, straw, rice hulls, cotton
gin trash, leaves, shredded bark, shredded paper and air-classified frac-
tions (mainly paper) obtained from solid waste recovery plants, etc.

2. The Beltsville Aerated Pile

A. The Aerated Pile

A three—-dimensional schematic diagram of the Beltsville Aerated
Pile Method for composting sewage sludge is shown in Figure 3. In their
simplest form the individual, stationary, aerated piles are constructed as
follows:

a. A loop of 4-inch diameter (10 cm) perforated plastic pipe is
placed on the composting pad, oriented lengthwise, and symetrically
under what will become the ridge of the pile. Perforated steel

pipe can also be used and later removed for reuse. The perforated pipe

should not extend under the end slopes of the pile because excessive
amounts of air may be pulled through the sides, causing localized
zones (i.e. "coldspots”) that do not reach the thermophilic range.
The pipe should be placed at least 8-10 ft (2.5 to 3 m) from the ends
of the pile.

b. A 6 to 8 inch (15 to 20 cm) layer of wood chips or other bulking
material is placed over the pipe and the area to be occupied
by the pile. This layer comprises the pile base and facilitates
the movement and distribution of air during composting. The
base material also absorbs excess moisture that may condense
and leach from the pile.
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FIGURE 3
ELEMENTS OF THE BELTSVILLE AERATED
RAPID COMPOSTING SYSTEM
(EPSTEIN ET AL. 1976)
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¢. The mixture of sludge and wood chips is then placed loosely
upon the prepared base (with a front-end loader or conveyor
system) to form a pile, with a triangular cross-section, 15
feet wide (5 m) and 7.5 feet high (2.5 m).

d. The pile is completely covered with a 12-inch (30 cm) layer
(often referred to as the "blanket") of cured, screened com=-
post. The blanket layer provides insulation and prevents
the escape of malodorous gases during composting. If finished
compost is not available, as would be the case for the first
piles of a new operation, the bulking material itself canm be
used for this purpose. However, the blanket thickness may have
to be increased to achieve the same degree of insulation and
odor control as obtained with cured compost.

e. During construction of the pile base, the perforated pipe is
connected to a section of solid plastic pipe which extends
beyond the pile base. The solid pipe is connected to a 1/3-hp
blower controlled by a timer. Aerobic composting conditions
are maintained by drawing air through the pile intermittently.
The exact aeration schedule will depend on pile gecmetry snd
the amount of sludge to be composted. For a pile containing
up to 80 tons of sludge (20 m x 5 m x 2.5 m), the timing sequence
for the blower is 5 minutes on and 15 minutes off. The blower
is then turned on and the composting period begins.

f. The effluent air stream from the compost pile is conducted into
a small cone-shaped pile of cured, screened compost approxi-
mately 4 feet high (1.3 m) and 8 feet in diameter (2.7 m), where
malodorous gases are effectively absorbed. These are commonly
ref rred to as odor filter piles. The moisture content of
compost used for this purpose should not exceed 50% because the
odor retention capacity tends to decrease at higher moisture
levels. A 4-inch (10 cm) base layer of wood chips or other bulking
material under the odor filter pile is necessary to minimize back
pressures which could cause leakage of malodorous gases around the
blower shaft and to absorb excess moisture. Research has shown
that the odor filter pile should contain about one cubic yard of
screened compost for each 10 wet tons (4 dry tons) of sludge
being composted. 1In the case of new operations, where screened
compost is not yet available, some bulking materials or soil (or
a mixture thereof) could be used in the filter piles.

Variations in pile shape and size can adapt the process to dif-
ferences in the rate of sludge production by most treatment plants. The
individual pile method described here is suitable for operations ranging
from as little as 5 tons of sludge (20% solids) from a single weekly
dewvatering operation to more than 100 tons per week.
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B. The Extended Aerated Pile

Another version of the aerated pile is the aerated extended pile.
Each day“s sludge production is mixed with a bulking material and a pile
is constructed which utilizes the slope (lengthwise dimension) of the
previous day”s pile, thus forming a continuous or extended pile. The
extended pile offers certain advantages for larger municipalities on a
daily sludge production schedule. For example, the area of the composting
pad can be reduced by about 50% as compared with that required to accomo-
date an equal amount of material in individual piles. Moreover, the amount
of blanket material (i.e. screened compost) needed for insulation and oder
control, and the amount of bulking material for the pile base are both
decreased by 50%.

In constructing an extended pile, the first day”s sludge production
is placed in an individual pile with triangular cross-section as described
earlier. The exception is that only one side and the ends are blanketed.
The remaining side is dusted with about an inch (2.5 cm) of screened com-
post for overnight odor control. On the next day, additional aeration
pipe 1s placed on the pad surface parallel to the dusted side, the pile
base is extended, and the sludge-woodchips mixture is placed in such a
manner as to form an extended pile. On the second day, the flat top and
ends are blanketed with screened compost and the remaining side receives a
thin layer of compost as before. The pile is extended each day for 28 days.
However, after 21 days the first day”s section is removed for either drying
and screening or placing in a curing pile. After the removal of seven
sections in chronological sequence, there is sufficient space for operating
the equipment so that a new extended pile can be started where the old
one has been. Thereafter, a section is removed each day from the old pile
and a section is added to the new one.

F

c. Temperatures Attained During Composting

The transformation of sludge into compost is essentially complete
after 3 weeks in the aerated pile. Microbial decomposition of the volatile
organic fraction of the sludge in an aerobic atmosghete soon raises the
temperature throughout the pile to above 60°c (140°F), which effectively
destroys pathogenic organisms that might cause diseases in human beings.
Typical temperatures recorded during the composting of raw sludge by the
Beltsville Aerated Pile Method are shown in Figure 4. As can be seen from
this figure, temperatures in the pile increase rapidly into the thermo-
philic range of 80°c (176°F) or higher. Temperatures begin to decrease
after about 16 to 18 days, indicating that the more decomposable
organic constituents have been utilized by the microflora and that the
residual sludge has been stabilized and transformed into compost.

‘Figure 4 also indicates that if piles are constructed properly, neither

. excessive rainfall nor low ambient temperatures affect the composting pro-

" cess. Studies at Bangor, Maine, Durham, New Hampshire, and Windsor, Canada
shoved that neither cold weather nor snow affected composting.
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FIGURE 4

TEMPERATURES DURING COMPOSTING OF LAW SLUDGE
(MAY 1975)
BARE AT BOTTOM INDICATED RAINFALL EVENTS

(EPSTEIN EL AL, 1976)
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D. Aeration and Oxygen Supply

Centrifugal fans with axial blades are usually the most efficient
for developing the necessary suction to move air through the compost piles
and into the odor filter piles. A pressure differential of about 5 inches
(12.5 cm) (water gauge) across the fan has been adequate when woodchips are
used as the bulking material. However, when finer textured materials such as
sawdust are used for composting sludge, an increase in pressure differential
will be required.

The aeration rate should maintain the oxygen level in the pile
between 5 and 15X for rapid decomposition of the sludge and extended
thermophilic activity. This level can be achieved with an aeration rate
of about 500 cubic feet (14 m~) per hour per dry ton of sludge. Research has
shoun that continuous aeration results in rather large temperature gradients
within the pile. A more uniform temperature distribution is obtained by the
use of intermittent aeration. Cycles of 20 to 30 minutes, with the fan
operating 1/10 to 1/2 of the cycle, have been satisfactory.

Four-inch (10 cm) flexible perforated plastic drain pipe has
been used to collect the air under the piles and to deliver it to the odor
filter piles. The pipe is damaged beyond reuse when the piles are taken down
but since it is relatively inexpensive it is regarded as an expendable item.
Rigid steel pipe has also been used and can be pulled lengthwise out of the
pile without damage and reussd. The pipe spacing for the extended piles should
not exceed the pile height. The pipe should be large enough so that friction
losses will not cause a pressure differential of more than 157 along the
length of the perforated section. Manifolding the outer ends of the pipe will
equalize pressure in the event of accidental damage to the pipe.

E. Condensate and Leachate Control

As air moves down through the composting sludge, it is warmed and
picks up moisture. Temperatures near the base of the pile are slightly
cooler as a result of heat loss to the ground. As the air reaches this
area, it is cooled slightly, causing moisture to condense. When enough
condensate collects, it will drain from the pile, leaching material from the
sludge. Condensation will also collect in the aeration pipes and, 1if not
vented, can accumulate and block the air flow. The combined leachates and
condensate may amount to as much as 5 gallons per day per ton of dry sludge.
If the bulking material is sufficiently dry to begin with, there will be no
leachate drainage from the pile. Since the leachate contains sludge fractionms,
it can be a source of odor if allowed to aceumulate in puddles, so it should
be collected and handled in the same manner as runoff water from the site.

The purpose of screening is to recover the bulking material for
reuse and/or to provide for a better product.
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Bulking materials are not always available and may represemt a
substantial operating cost. At Beltsville the cost of wood chips represents
192 of the annual operating cost. Wood chip recovery is therefore essential
to reduce costs. This cost figure is based on $3.5 per cubic yard.. Screen-
ing is expensive requiring labor and capital investment. The use of bulking
material such as rice hulls or peanut hulls would elimirate screening.

The physical and chemical characteristics of the final product
can affect the agronomic or utilization value of the ccmpost. Particle
size can affect application systems. Fine particles of material can be
applied with standard fertilizer spreaders, whereas coarse particles
may require special equipment. The chemical characteristics will affect
the quantity and the way the material can be used. The C/N ratio of the
compost should not exceed 30:1 as this will require additional supplemental
nitrogen. Wood chips and other high C/N ratio material therefore need to
be screened out if the product is to be used as a low-analysis fertilizer
(See section on product utilizatfon). If refuse is used as a bulking
material, screening is needed to remove undesirable material.

Prior to screening it may be necessary to dry the material.
Drying requires both additional land, site development, and labor. At
Beltsville for a 10 dry ton per day operation it is estimated that drying
costs account for less than 5% of the operational costs. Two screens have
been used at Beltsville, a rotary (trommel) and an oscillating or vibratory
screen. BDBoth screens can handle material having a moisture content of up
to 50Z. The moisture content of the material should not be much below 30%
since this will lead to dust production. If the material is too wet to
screen, drying can be accomplished by spreading the compost and periodically
turning or harrowing it.

4. Curing and Storage

After the compost has been cured for about 30 days (screened or
unscreened), it may be placed in a storage pile for an indefinite period.
Curing further stabilizes the compost. Use of the compost is ordinarily
seasonal, with the bulk of it applied either in the spring or fall. Thus, a
curing and storage area is needed to accommodate 3 to 6 months production.

During storage, the compost will continue to decompose at a slow
rate. Usually this does not present any problem because by this time the
compost is well stabilized. Decomposition in storage can be largely
curtailed by drying the compost to a moisture content of about 15Z. If
it 1s stored in large piles at a moisture content of, say 45%, tempera-
tures will increase to the thermophilic range, and additional composting
will occur. This may actually improve the quality of the compost for some
uses.

The compost can be stored without cover and may be piled as high
as 18 convenient with the equipment available. Care should be taken to
round the tops of the storage piles so that wet pockets do not develop.



- 68 -

APPENDIX I
Page 14 of 20

5. Distribution

Distribution of the compost will depend on the location and type
of market. If the market is located near the composting site then direct
haulage is preferable. Distribution certers may be utilized if the market
area is wide. The city of Chicago maintains several distribution areas
for their “Nu Earth” sludge. Citizens may pick up the material without charge
for their use.

The type of market, i.e. agronomic or horticultural, may dictate the
packaging aspect of the product (bagged or bulk) and distribution system.
Products used for horticultural purposes (nurseries, greenhouses, home use)
can command a higher value for the product and may need to be bagged. Agro-
nomic use, for example revegatation of strip mines, will deal with large
quantities so that bulk handling is preferable.

Equipment may be needed for loading and packaging depending cn the
market and the market strategy, which might be:

a. Composting and marketing to be done by the municipality or
sewage authority.

b. Composting and marketing to be done by private enterprise.

e

[ie]

Compoeting to be done by amunicipal

ity and marke
bution by private enterprise. (Los An geles Cou
in conjunction with the Kellogg Supply Company).

6. Monitoring and Management

Monitoring is essential to ensure proper operating conditions, high
- temperatures for pathogen reduction, and odor control. Operational monitoring
can be kept at a minimum with low cost, unsophisticated equipment.

a. TE!‘:U!‘Q

Tenmperatures will reveal more about the process than any other
single parameter. Most of the pile should reach 55 °Cc within 2 to 4 days,
indicating satisfactory conditions with respect to moisture content, bulking
material ratio, mixing, and pH.

Lowv average temperatures below 60°C can result from excessive
aeration or too high a moisture content. The former can be corrected by
reducing the blower cycle or placing a baffle in the pipe just in front of
the blower. If the moisture content is too high it indicates an improper
~ sludge to bulking material mix ratio. The pile can then be torn down and
- rebuilt with additional bulking material and future piles built with the
_ correct ratio. Cold spots in the pile may also result from improper pipe
. _spacing or an inadequate insulation cover. Temperature monitoring should
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be done daily for the first week. Once temperatures peak at the desired
level only periodic spot checks are needed.

Several simple temperature probes are available and include
thermistors and bimetallic probes.

b. Oxygen

Oxygen analysis of gas samples drawn from the center of the piles
is useful for locating problems and optimizing the aeration system. The
oxygen level should be in the range of 5 to 152. Scattered readings
below 52 indicate poor distribution or movement of air, and are probably
the result of an excessively high moisture content or incomplete mixing.
If a gas sample cannot be obtained, there are no voids for oxygen movement and
the sampling location is probably anaecobic. If all readings are low, the
" aeration rate should be increased. The type of equipment recommended for
monitoring oxygen levels during composting is listed on page 20.

C. Odors

Site operators should pay particular attention to odors. Whenever
unpleasant odors are noted, the source should be located and corrective
action taken. Exnosed sludge, ponding around compost piles, and partially
composted siudge are potential odor sources. Improperly comstructed odor
filter piles or leaky pipes between the blower and the filter pile can
also contribute odors. Over a period of time the odor-filter pile can also
contribute odors. The odor-filter pile can also collect condensate which
lowers the capacity to absorb and retain odors. When the moisture content of
the odor-filter piles reaches 75-80%, they should be removed and rebuilt with
dry (50Z moisture content or less) materials.

While sewage sludge can emit a strong unpleasant odor, it gradually
disappears as the sludge is stabilized by composting. Each of the unit
operations can be a potential source of odors. Some of the odors emitted
are intermittent while others are continuous. Odor potential increases
considerably during and immediately following periods of excessive pre-
cipitation.

To minimize the odor potential throughout the composting process
it is essential to manage each operation as follows:

(a) The mixing operation - Prompt mixing of sludge and bulking material
and placement of the mixture in the aerated pile reduces the time for odor
generation. An enclosed mechanical mixer could eliminate the release of
odors from this operation.

... (b)  Aerated pile surface - This will not be a source of strong odors
if the blanket of compost is adequate for insulation. Thin spots or holes
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in the blanket will be a potential source of odors. The effectiveness

of the blanket for odor control decreases when its moisture content exceeds
60ZX.

(c¢) Air leakage between the blower and odor filter file - Since air
leakage can occur at this point, all joints should be sealed. Back pres-
gsure from the odor-filter pile should be minimized to prevent gaseous
losses around the blower shaft. Back pressure can be virtually eliminated
by placing a 4- to 6-inch layer of bulking material under the filter pile.

(d) oOdor-filter piles - As mentioned earlier, the odor-filter piles

are a potential source of odors. They should he cone-ghaped, and sym-

metrical and contain about 1 cubic yard of dry (50% moisture or less)
screened compost per 10 wet tons of sludge being composted.

(e) Condensate and leachate - These are potential sources of odors.
As these liquids drain from the compost pile, they should be collected
into a sump and conveyed in a pipe to the sewer system or stabilization
pond.

(f) Removal of compost from the aerated pile to the curing pile - If
the sludge has not been adequately stabilized prior to this operation, odors
will be released. Excessive odor during this operation can probably be
attributed to too high a moisture content in the composting mixture and
can be avoided by lowering the moisture content of the mix with additional
bulking material.

() Curingggiles - These can be a source of odors when the material
removed from the aerated pile has not been completely gstabilized. The use
of drier materials in the initial mixing operation will prevent this problem.
Blanketing the curing pile with dry cured compost will also help to contain
any odors. Where sludges are incompletely composted after 21 days because
of excess molsture, low temperatures, improperly constructed piles, or
improperly treated sludge, the odor potential will be high. 1In these
cases, the sludge should not be put on a regular curing pile, but mixed
wvith additional bulking material and composted another 21 days, or put
into a separate isolated pile, heavily blanketed with screened compost,
and allowed to compost for several months.

(h) Storage piles - Odors could arise in storage if the piles were con-
structed with excessively wet compost.

(1) Aggregates or clumps of sludge - When aggregates of sludge are
allowed to remain on the compost pad after mixing and processing, even though
small in size, they can soon emit unpleasant odors. Workers should be made
awvare of this so that all aggregates of sludge are carefully removed from
the mixing area as soon as possible.

" (1) Ponding of rainwater - When rainwater is allowed to pond on
the site, anaerobic decomposition can occur and cause unpleasant odor.

Therefore, the site must be graded and compost piles located so that
~ponding will not occur.
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Studies to define the risk of infection by pathogens for people
working with sewage wastes are not as extensive as might be desired, but
the available data indicate that the risk is probably low. The predomi-
nant route of infection is from the waste material through the mouth.
Prevention of infection involves such precautions as thorough washing
of the hands before eating to prevent ingestion of the pathogens with
contaminated food.

The following recommendations and provisions are advisable to
ensure the health and safety of personnel at facilities where sewage sludges
are being composted:

(1) 1Inoculations for typhoid, tetanus and polio should be given to
workers.

(2) Rules pertaining to personal cleaniness should be posted in
appropriate areas. For example, the following items should be emphasized.

a. Wash hands before eating, drinking, and smoking.
b. Wash hands before returning home after work.

¢. Never store food in close proximity to sludge or compost
samples taken for analysis.

d. If accidentally contaminated with sewage sludge or effluent,
change clothes, take a hot shower, and put on clean clothing.

(3) Showers and lockers should be provided at the composting facility.

(4) The municipality should provide protective clothing for all
workers.

(5) Vorkers should change from protective clothing to street clothes
at the end of each day. Protective clothing should not be
worn home.

(6) As necessary, protective clothing should be cleaned and/or
sterilized.

(7) During periods of dry weather, the area should be sprinkled
periodically to ensure that workers do not inhale the dust.
During such conditions, workers should be encouraged to wear
face masks or respirators.

I1l. Site Design

The compost site should be located as close as possible to the
vastewater treatment facilities. The advantages are:
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a. Low hauling and transportation costs.

b. Effective utilization of space ard elimination of duplicating
facilities such as administrative, general storage, and parking.

¢. Elimination of sludge transportation through residential areas.

Since night soil is collected in tank trucks, the compost site
can be located in non-residential areas. The site should be located so as
to provide easy access for transportation and removal of the product. This
may be adjacent to a rail line or barging facility on a river if the product
needs to be transported to remote agricultural areas.

Facilities design need to take into consideration climate (espe-
cially precipitation and wind) and soil conditions. In areas where pre-
cizitation is high or distributed over the entire year, some cover may be
needed for the various operations. These areas may also require a stable
site underlaid by concrete or asphalt. In addition runoff facilities and
drainage systems may be needed.

In dry climates cover is not essential. The Beltsville operation
has been in existence for several years without cover. Bangor, Maine, Durham,
N.H., and Windsor, Ontario, Canada have been composting in the open without
any problems. However, because of the uniformly distributed precipitation
in these areas (approximately 100 cm per year, 8 to 10 cm per month) a stable
base has been recommended for several of the operations. Muddy conditions
make it difficult to operate equipment and provide a potential for odors.

A sludge composting facility should comprise the following areas:
(a) receiving and mixing, (b) composting pad, (c) drying and screening,
(d) compost curing and storage, (e) storage of bulking material, (f) adwini-
strative parking and maintenance building, (g) runoff collection and disposal.

As indicated earlier several of these areas may not be needed. The
administrative, parking snd maintenance area may already be part of an
existing facility. A runoff collection system may not be needed 1if the
runoff can be channeled into a sewage systenm.

The areas vhich need to have a stable base are the mixing,
composting pad and screening. Materials which can be used for the base are
crushed rock, asphalt, concrete or fly ash. Concrete is the prefered
material. The City of Windsor, Ontario, Canada, composts on a tile-drained
gravel and fly-ash bed. Bangor, Maine, composts on a part of an unused
asphalted airport runway. At Beltsville the mixing and composting areas
have been asphalted and the screened area is underlain with crushed rock.

e Mixing in a stationary mixer (drum mixer or pug mill) will sub-
'actgntiallyareduce the area required for the mixing operation.
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If runoff collection system is necessary, a collection pond fed
by waterways can be used. The collected runoff is discharged to adjoining
woods or pasture.

In arid areas where high winds exist precautions need to be taken
to avoid excessive dust. A shelter belt can greatly reduce the wind velo-
city within the site. Unpaved areas may require watering to reduce dust.

Land area requirements are estimated at 1 acre per 3 to 5
dry tons (total solids) of sludge produced. The lower figure (1 acre/
3 dry tons) includes space for runoff collection, administration, parking, and
general storage. The actual composting area (mixing, piles, screening, drying
and storage) is estimated at 1 acre per 5.0 dry tons of sludge.

Source of Supply and Types of Equipment for Composting

Est. Cost
Type of Equipment Specifications or Madel Dollars
I. Compostive Equipment
1. Front-End Loader Rubber wheeled, 3.5-cu. yd. $60,000
bucket or larger. Approxi-
mately 150 hp.
2. Mixing Equipment
a. Tractor & Standard Farm Tractor $10,000
Tiller Equipment Tiller $5,000
b. Easy-Over Compost Mounted on Tractor $5,000
Turner and Tractor {not 1inec.
tractor)
c. Pug Mill Stationary mixing: waterial $20,000

needs to be fed into mill.
Conveyors” hoppers, etc.,
may cost an additional
$30,000 or more.
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Type of Equipment

Specifications or Model

Est. Cost
Dollars

3. Screens

a. Trommel

b. Shaker

4. Blowers-fans

5. Timers

1. Oxygen Meter

2. a. Temperature
indicator

Thermistor

b. Dial

c¢. Thermocouple

Specifications to depend
on capacity needed;
7-9 mm opening.

Specifications to depend
on capacity needed;
7-9 mwm opening.

1/3 hp; 115 v

22-23 cm (9")

Axial vane, centrifugal
fan; 3450 rpm

335 CFM at 10 cm (4")
static pressure

4 hr, 115 v with 2 min.
intervals

II. Monitoring Equipment

0-25X gaseous oxygen
portable, D.C., rugged
for field use.

180-200 cm steel probe
needed for gas sampling

Portable, rugged for
field use, D.C. Range ~
20 c%to 100°C 1.5 + meter
probe

Bimetal

Potentiometer and
thermocouple wire

$60-80,000
(including
hoppers,

conveyers)

$80

$20

$600

$600

$50
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UTILIZATION OF COMPOST

by

Elfot Epstein, Ph

2

The potentfal for utilization of compost in Developing Countries
will depend on several factors. These factors are discussed under three
headings.

I. Socio-economic factors

11. Edaphic factors
I11. Marketing factors

I. Socio-Economic Factors

A. Population - Population density will affect the availability of
rav materials for composting. Sparsely populated areas will increase the
cost of collection and transportation resulting in projected increase costs
of the final product. The availability of a centralized collection system may
result in reduced costs and facilitate handling and composting.

B. Industrialization - If industrial wastes contribute to the sludge
being composted, pollution from heavy metals and organics can result in a low
value or undesirable praduct. The heavy metals of greatest concern are zinc,
copper, nickel and cadmium. 2Zinc, copper and nickel in large amounts can
result in soil enrichment and cause phytotoxic effects resulting in decreased

~ crop growth and yield. Heavy metals may also accumulate in plant tissues

and enter the food chain through direct ingestion by humans or indirectly
- through animals.

The element of greatest concern to human health where sewage
sludges and sludge composts are applied to land is cadmium (Cd), since it
‘4s readily absorbed by most crops and is not generally phytotoxic at the
concentrations normally encountered. Therefore, Cd can accumulate in
‘plants and enter the food chain more readily than, for example, lead (Pb)
- -or mercury (Hg), which are not absorbed by crops to any great extent.

Most human exposure to Cd comes from food (principally grain products,
vegetables, and fruits) and results in an accumulation of the element in
the liver and kidneys. Approximately 3 to 5 percent of dietary Cd is
abgorbed by these organs. Absorbed Cd is excreted very slowly and can
accumulate to levels which might be expected to cause kidney damage and

. faflure. Among the sources that contribute to the level of Cd in food
- are (a) soils and surface waters contaminated by disposal of wates, (b)

“wsoils inhetently high in Cd because of geochemical factors, (c) food pro-
¢cessing, (d) industrial fallout, and (e) phosphatic fertilizers containing
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The World Health Organization (WHO) has established that the
maxiomum permissible level of dietary Cd should not exceed 70 micrograms per
person per day. The U.S. Food and Drug Administration (FDA) calculates that U.S.
citizens now ingest from 70 to 90 percent of this amount, and that any further
increase in dietary intake of this element should be limited wherever possible.
Thus, the level of the Cd in food chain crops may ultimately impose constraints
on land utilization of organic wastes as rertilizers and soil conditioners.

Plant species, as well as varieties, differ markedly in their
ability to absorb and translocate heavy metals and to accumulate them within
edible organs of the plant. Leafy vegetables are usually sensitive to the
toxic effects of metals: cereal grains, corn, and soybeans are less sensitive;
and grasses are relatively tolerant. Uptake studies with corn, soybeans, and
cereal grains have shown that heavy metals accumulate to a lesser extent in
the edible grain than in the leaves.

The availability and uptake of heavy metals by plants are influenced
by certain chemical and physical properties of soil, especially pH, organic
matter, cation exchange capacity (CEC), and texture (i.e., the proportions of
sand, silt, and clay). Phytotoxicity and plant availability of sludge-borne
metals are increased in acid soils. Maintaining soil pH in the range of 6.0 to
6.5 by liming is recommended to suppress the availability of heavy metals to
plants. Application of organic amendments such as manures and crop residues
can also decrease the availability of heavy metals through chelation and
complex formation. The CEC is an expression of the soil”s capacity to retain
metal cations and is usually associated with higher clay and organic matter
contents. Heavy metals are relatively less available to plants in high CEC
soils (e.g., clay loams) compared with low CEC soils (e.g., sandy loams).
Recent research at Beltsville suggests that on a total metal basis heavy
metals are less available to plants in composted sewage sludges than in
uncomposted raw and digested sludges. The reason for this is not known and
the matter is the subject of continuing research.

Industrial organic compounds such as pesticides, PCBs or PBBs
can result in contaminated compost. This could restrict its use and limit its
-market availability.

If industrial contamination is suspected, i.e. if plating, pigment
and dying, pesticide formulations, and insulation industries are present, it
would be best to analyze the compost product. Whenever possible, night
goil should be kept separate from heavy industrial wastes.

C. Health - Night soil and sewage sludge contain pathogenic bacteria,
parasites and viruses. If composting is done properly, it destroys or
reduces to insignificant levels all pathogens present in night soil. Thus, 1if
one of the main purposes in composting night soil is to reduce the potential
-hazard to the local population, then the cost of composting should be partially
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borne by the sanitation authorities and not considered in the cost to the
farmer. In various countries different agencies or ministries have respon-
sibility for night soil collection. The composting operation could be a
shared venture between agricultural authorities, municipalities or other
agencies. A study by Papa and Peyron (1970), showed that the use of nignt
soil in agriculture resulted in numerous cases of salmonellosis 1/. Compost—
ing of night soil would have destroyed these and other organisms resulting
in an economic benefit to the community. This type of socio-economic benefit
needs to be considered in the overall cost of composting.

I1. Edaphic Factors

The important edaphic factors are soils, crops and climates.

A. Soils - The application rate of compost will depend on soil
texture, slope and depth to water table. Since composted materials are
soil conditioners containing small amounts of plant nutrients, they can
be used to improve soil physical properties as well as provide fertilizer
for plant growth.

The addition of sludge composts to soils is known to imp.ove
soil physical properties as evidenced by (a) increased water content, (b)
increased water retention, (c) enhanced aggregation, (d) increased soil
aeration, (e) increased permeability, (f) increased water infiltration,
and (g) decreased surface crusting. Addition of sludge compost to sandy
soils will increase the moisture available to the plant and reduce need for
irrigation. In heavy textured clay soils, the added organic matter will
increase permeability to water and air, and increase water infiltration
thereby minimizing surface runoff. In turn, these soils will have a greater
water storage capacity to be utilized for plant growth. Addition of sludge
compost to clay soils has also been shown to reduce compaction (i.e., lower
the bulk density) and increase the rooting depth.

One of the greatest benefits from the use of compost is to re-
duce the water requirements for plant growth. In arid and irrigated areas
this may mean water conservatioa and reduced irrigation frequency.

Table 1 gives recommended compost application rates for various
soil conditions. These application rates are designed to provide necessary
material for soil improvement as well as plant nutrients.

B. Crops - Compost can be used to provide the total amount of
fertilizer needed for crop growth. For developing countries, this would
mean the use of compost on crops which will provide the greatest return.
This would be particularly advantageous to those countries which do not

l/ Papa, F. and Peyron, R. (1970). A contribution to the study of sal-
TX!?%*S 33,2157{18» The Salmonella of Souf. ARCH Inst. Pasteur Alger
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produce chemical fertilizers or need foreign currency exchange for the
purchase of fertilizers.

The application rates of compost as a fertilizer will depend
primarily on the nitrogen and phosphorus analysis of the compost and the
crop nitrogen requirement.

Most of the nitrogen in sewage-sludge compost is in the organic
form and must be “mineralized” to inorganic ammonium or nitrate before it
is available for crops.

Research by USDA at Beltsville indicates that from 15 to 20 percent
of the organic nitrogen (N) will become available during the first cropping
period following application. Thus sludge compost can be considered as a
slow-release N fertilizer.

The fertilizer benefit to the crop from nitrogen contained in
the compost will depend on the following factors:

l. The crop requirement for nitrogen. This will depend on the
potential yield, crop variety and species, and edaphic conditions.

2. The percent available nitrogen in the compost. This can be
estimated as follows:

Z available N = X inorganic N + 0.2 = Z organic N

3. The amount of nitrogen supplied from the soil as a result of
previous practices (fertilization, compost application, manure
application etc.)

The following eéuation can then be used to calculate the compost
application:

Required N application is kg/ha x 1 = Required

Kg available

compost in ton/ha. Where required N applization = (N required
by crop — available soil N).

Table 2 provides the recommended compost application if the material
is to be used as a fertilizer. As pointed out earlier, the amount needed for
agronomic crops will depend on the N requirement of the crop as well as the N
level in the soil.

C. Climate - Organic matter such as compost applied to soils does not
break down as readily under moist, cool climatic conditions as under hot,
humid climates. These factors should be considered in terms of repeated
annual applications. Another aspect of climate is the availability
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The application of compost of
It may be possible

to reduce irrigation frequency as a result of organic matter application.

Table 1

Recommended Compost Application Rates
For Various Soil Conditions

Surface or Ground Plants Rates
Soil Conditions or Crops Tons/hectare/year
Sand or Gravel Shallow to ground- Grass or 50 - 100
wvater (less tham 4 ft.) shrubs
with no intervening soil
Sand or Gravel Deep to groundwater Grass,
(over 6 ft.) Heavier shrubs, cereals, 50 - 100
material intervening cotton, 50 - 100
crops Amount depends
on crop
requirement
Clays, clay Shallow to Grass 50 = 100
loams, silty groundwater
clay loams
Deep to ground Grass, 50 - 200
wvater turf
Disturbed Deep to ground Parks, 100 - 300
soils water highways tilled into
construction upper
sites 100 mm layer
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Plant or
Ctog

Compost Rate
in Tons/ha/yr

Method of
Application

Sod, Turf, New Lawms

Sod, Turf, Established
Lawns

Other Cercals, Cotton,
and Agronomic Crops

Tree Nurseries

Pastures

Pastures

100 - 200

50 - 175

As required by
the crop e.g.
corn 50

50 - 100
50 - 100,
depending or

specles

50

Till into surface
layer prior to
seeding

Apply onto surface
as required

Till into soil _
prior to planting

Till into soil
prior to planting

Till into soil
prior to
planting

Apply onto surface
periodically
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I11. The Effect of Market Conditions on Compost Utilization

A. Market Location - Transportation is expensive. Since night soil
i nraduced in urhan areas the transnartation of comnosted nioht goil can

FrYewesse et RLUSN0 SSTSS SIS SSSNSPVSSSLLTAl DL SREPYSSSE agitt Sss s&Rn

be expensive in comparison to concentrated chemical fertilizers. Compost

or night soil is lower in nutrients and therefore larger quantities are needed
to provide comparable levels of nitrogen or phosphorus found in chemical
fertilizers. Inexpensive transportation means such as water barging or

rail to agricultural regions can enhance com:ost utilization. Distribution

and Svamocmmntosda o salras zrmeald ommad hnan aAncanna -2
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B. Market Value of Produce or Crops — Compost in developing countries
will probably be best used on those crops providing the greatest cost return.
Its value to the farmer will depend on the increased yield which would be
obtained or on a reduction in production costs. It may be necessary to
demonstrate the benefit of the compost through existing agricultural experi-
ment stations or pilot studies.

C. Product Quality - Compost product quality can affect its market
value and demand. If the night soil is contaminated by industrial wastes
or salts and the product is restricted to lower cash crops such as pastures,
the demand for its utilization may be reduced.






