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FOREWORD

Co-utilization or blending of residuals offers a unique opportunity to develop products
with particular characteristics that are able to target specific customer needs. The very
notion of deliberateiy blending by-products suggests that the recycling and beneficial reuse
industries are taking a quantitative step forward towards developing products rather than
simply reusing residuals. At the same time that this step provides unique opportunities, it
also presents unique challenges. The science associated with the beneficial use of one
product may not apply when that product is mixed with another residual. Blending of
materials may alter the chemistry of the components of the mixture. This may offer
additional benefits, as in the case of disease suppression in composts, or present unexpected
problems, as the use of lime-stabilized biosolids has done in Maryland.

This book consists of the proceedings of the Beltsville Symposium. The organizers of
the Symposium attempted to structure a meeting that would outline both the potential
benefits of co-utilization as well as concerns. The editors have divided the proceedings into
sections that describe the practical basis for co-utilization of residuals as well as the
potential benefits. Specific considerations are described. Finally, case studies include
descriptions of successful operations and data that detail results of research involving
co-utilization materials.

Blending of materials for specific objectives needs to be the focus of any successful
co-utilization effort. The scientific implications of the mix need to be determined before a
product can be used properly. The proceedings of this Symposium will provide useful
information towards this end. There is an important distinction between reuse of residuals
that results in no adverse effects and development of products that meet specific needs. The
editors of these proceedings hope that this volume helps to move the industry towards the
latter goal.

Sally Brown, Editor
Environmental Chemistry Laboratory, NRI
Agricultural Research Service
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WHY CO-UTILIZATION?

RONALD F. KORCAK

Plant Sciences Institute, Agricultural Research Service, US Department of
Agriculture, Beltsville, Maryland 20705, USA

E-mail rkorcak@asrr.arsusda.gov

ABSTRACT

The land application of by-products from agricultural, industrial or municipal sources is
certainly not a new phenomena. Wood ashes, manures, crop residues and even some of
the first food processing wastes, such as oyster shells, were applied to the land and,
dependant upon site specifics, probably showed a beneficial response by the next crop.
These positive responses led to agricultural practices which were continued over time.
Today, with renewed interest in concepts such as sustainability, biodynamic farming, and
natural resource conservation, the practice of applying by-products to land continues.

However, a problem exists. This problem is concentration. Society, has developed
technologies for the production of food, fiber, energy and the whole gamut of consumer
goods with little regard for the by-products that these technologies produce, or the effects
that the processes themselves may have upon the environment. The concentration per se
of resources such as manures, coal ashes, waste mineral fines from crushing rock, paper
mill sludges, sewage sludges, etc. is further complicated by economics. Even if an
individual by-product has some intrinsic value, like the fertilizer value of manure or as a
source of trace minerals like waste mineral fines, there is a finite, albeit small, radial area
within which these materials can be transported and utilized economically. Thus, the
stockpiles continue to get larger and research dollars are spent on better liners for
landfilling materials.

The concept of co-utilization is simply the blending, mixing, and/or co-composting of
two or more by-products in order to produce a value-added “designer” material which can
be beneficially utilized to solve an agricultural problem, remediate soils, and/or fulfill a
market niche.

There are numerous examples, many of which will be noted in the presentations
throughout the Symposium, where materials that were once called wastes are being
co-utilized as value-added products. The goal of this Symposium is then two-fold: first,
to identify areas where co-utilization is being practiced and to foster this utilization to
better use our natural resource base; and second, to highlight where good science can be
practiced in developing co-utilization products that will have a significant impact on our
society at large.

1
S. Brown, J.S. Angle and L. Jacobs (eds.), Beneficial Co-Utilization of Agricultural,

Municipal and Industrial By-products, 1-7.
© 1998 Kluwer Academic Publishers,
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INTRODUCTION

Numerous materials that were once considered “wastes” are now being utilized, either as
soil amendments or as components of composts. The amounts of “wastes” generated
annually in the United States are large. For example, consider the following list:

* 60 million tons of animal manures (with a fertilizer value of $3.4 billion)
* 90 million tons of coal combustion residues used to generate electricity

* 300 million tons of municipal solid waste (MSW)

* 35 million dry tons of biosolids

* 0.3 million tons of scrap wallboard from residential construction sites

* 0.6 million tons of scrap wood from residential construction sites

Some of the above numbers for manures, biosolids and MSW are familiar to those
involved in the arena of “waste” utilization. Inorganic by-products like coal combustion
residues consist of a wide gamut of materials, from conventional fly ashes to high alkaline,
high gypsum containing fluidized bed combustion residues to flue gas desulfurization
residues, which are either predominantly gypsum or calcium sulfite, depending upon the
level of forced oxidation. The last two numbers in the above list represent rough estimates
for only the single-family home construction industry (Personnel Communication, Peter
Yost, National Home Builders Research Center). If multi-unit sites and commercial
construction were included, the numbers would be significantly higher.

These numbers set the stage for the magnitude of just a few of the agricultural,
municipal and industrial by-products that may be available for the production of co-
utilization products.

DISCUSSION
Definition of Co-Utilization

Co-utilization is simply the production of new products from the combination of two or
more by-products. The term co-utilization is introduced to place emphasis on expanding
the types of by-products utilized in order to broaden the types of products that can be
produced. Thus composting, which usually entails a high carbon source (leaves or wood)
and a high nitrogen source (manures or biosolids), is considered to produce a co-utilization
product. In addition to composts, “designer” or “tailor-made” products would also fit the
definition of co-utilization products. These types of products are produced to fulfill a
specific agricultural need, e.g., selected crop nutrient requirement, or fulfill a specific
need. e.g., achieving a high iron and phosphorous product for use in reducing the
bioavailability of environmental lead contamination. Finally, products may be produced
from co-utilization without composting, which will be presented later.

Logic of Co-Utilization

The composting or blending of|two or more by-products will result in value-added
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products. Numerous examples of low value materials are scrap wallboard at construction
sites, waste mineral fines from crushed stone and aggregate facilities, cotton gin waste,
residues from coal combustion plants, etc. As with animal manures and biosolids, these
materials are generated at specific sites. Their low value is magnified due to the
economics of loading, transporting and, at some point, utilizing these materials. However,
combinations of these materials into a co-utilization product may result in higher value
which, in turn, increases the maximum distances these combined materials can be
economically transported and utilized.

Development of co-utilization products requires that there be an identifiable market
need for the product. Products should not be developed just because certain materials are
in close proximity or that they are available. Products should be developed to fulfill
market needs which can vary from agricultural to forestry to horticultural to remediation
product needs.

Beneficial Concerns Related to Co-Utilization Products

In addition to having an identifiable market need for a co-utilization product, the product
must be able to provide a beneficial use. The importance of a product providing a
beneficial use lies in the concern that, if no beneficial use is obtained, then one is simply
disposing of the product. However, beneficial use may take longer to realize for some
products. Short-term benefits, such as crop response to applied nutrients, may be easy to
document. However, in some instances long-term benefits may be more difficult to
document. An example would be the addition of organics as an aid in increasing soil tilth
or structure. Such benefits may require annual applications over a number of years before
beneficial responses can be documented. Likewise addition of a high-gypsum containing
co-utilization product to increase soil water infiltration and alleviate subsoil acidity may
not produce beneficial responses for a number of years.

This concern over beneficial use versus disposal has direct effects on regulatory
concerns in the utilization of co-utilization products. Many products may be marketed as
soil amendments or fertilizers or liming substitutes. However, the documentation required
for such labeling of co-utilization products varies from state to state. The best remedy for
this variation is to involve appropriate regulatory bodies within states at the onset of
product development, testing and evaluation.

Liability concerns of industries providing materials for the formulation of co-utilization
products also exists. Comprehensive testing of the individual materials to be used, as well
as testing of the final combined products, will greatly reduce the prospect of liability
concerns becoming an issue for using co-utilization products.

Cost Factors

Many by-products have low intrinsic value. By definition co-utilization strategies are
aimed at producing value-added products. Any activity performed on a by-product, e.g.,
loading onto trucks, transporting, pelletizing, etc. adds an additional cost. The economics
of utilizing these by-products are further complicated by the fact that for many industrial,
agricultural or municipal waste streams, the dollars allocated in dealing with the wastes
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generated are low. Perhaps this is an extension of the “out of sight, out of mind”
philosophy of society in general. However, the fact remains that monies are expended to
dispose of, or manage the waste, not necessarily to utilize the waste.

This trend may be reversed by a number of ways. Two examples are:

1. Green Energy -- Deregulation of utilities will allow utilities to offer their service
to consumers outside their normal market zone, much like the effect deregulation
has had on the telephone industry. One of the marketing strategies that may be
pursued is Green Energy. The utility would assure the consumer that the electric
power provided was produced using “green” technologies, such as flue gas
desulfurization, fluidized bed combustion or some other Clean Coal Technology.
And, in addition, the utility would assure that the wastes generated would also be
utilized, for example as a component of a co-utilization product. However, the cost
for this Green Energy service would be a few more cents per kilowatt hour. The
additional cost allows the utility to use these new technologies, including co-
utilization of the generated residues.

2. Waste Recovery Fund -- This is an old concept which has been discussed by
economists over the years. An example of a Waste Recovery Fund would be a two
to three cents per pound “assessment” on each pound of chicken broiler produced.
The assessment would accumulate in a Waste Recovery Fund with the monies used
to better utilize the manures and processing wastes derived in the production of
broilers. Such Funds could assist in research on co-utilization products that would
have greater value, thereby allowing greater (radial) dispersion of these products
to alleviate the concentrating effects of large broiler production farms.

Whether or not strategies such as those described above ever become reality, the fact
remains that society at large can find novel ways to deal with wastes as a recognized
component in the production or manufacture of most any consumer product or service.

Sustainability and Co-Utilization Products

Production of co-utilization products will have direct impacts on the concept of
sustainability, whether one thinks of agricultural sustainability, community sustainability
or sustainability on a more global scale. Although the term agricultural sustainability has
been met with confusion and frustration in definition, there are four components, that are
generally agreed upon, which comprise the term sustainability:

* meeting human needs for food and fiber;
 maintain environmental integrity/quality;
 economically and socially viable; and

* all over a long period of time.

The confusion and frustration enters when one’s approach to sustainability is considered.
An organic farmer would have a different approach to sustainability compared to a low-
input or IPM (integrated pest management) grower.

Independent of one’s approach, the production of co-utilization products would
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directly impact the above four components of sustainable systems. Co-utilization products
can reverse the trend in declining soil fertility and enhance soil organic matter and
structure, thus assisting in maintaining human needs for food and fiber. Co-utilization
products can reduce the potential for surface and groundwater pollution, reduce pesticide
utilization, and be a component in nutrient management planning or best management
practices, all of which would assist in maintaining environmental integrity and quality.
Co-utilization products can converse the natural resource base, provide value-added
products, create new industries and associated employment, and assist in handling the
wastes produced by all sectors of the population, therein being both economically and
socially viable. Thus, production of co-utilization products can be one of the many tools
in the arsenal for achieving sustainability.

Integrated Systems and Co-Utilization Products

The vast majority of agricultural research on the utilization of by-products has centered
around the application of a solitary by-product and measurement and evaluation of soil and
plantresponses. This single by-product approach can be considered the classical approach
to by-product utilization. However, more recent research reflects the examination of
materials following co-application including composts, which can be considered co-
utilization products. Two examples will be discussed wherein the classical solitary by-
product approach evolved into a co-utilization strategy.

Numerous studies were undertaken in the late 1970's and early 1980's on the potential
utilization of a new Clean Coal Technology residue from fluidized combustion of coal.
Fluidized bed combustion (FBC) involves the simultaneous combustion of coal and
calcitic limestone in a fluid bed, wherein the S that is released from the coal is absorbed
on calcium oxide (CaO) particles which result from the conversion of limestone to CaO
in the furnace. This technology produces a dry, alkaline residue which is essentially one
third each of coal ash, un-reacted CaO and gypsum. This residue was examined as a
source of plant Ca and S and as a substitute for limestone, if used as a soil amendment.
Numerous crops and soil conditions were studied. The culmination of this research was
the publication of a manual for agricultural utilization of the residue (Stout et al., 1988).
The manual presents a classical approach to by-product utilization.

Over time, the manual was used in the process of obtaining appropriate permits to
apply the FBC residues in New York State as a soil amendment/lime substitute on dairy
farms. Logistically, the FBC facility did not have on-site storage for the residues which,
in the past, necessitated daily hauling of the residue to a landfill. The permitted utilization
of the ash resulted in dairy farmers purchasing the ash as a soil amendment. Associated
benefits to the farmer included maintaining soil pH, due to the alkalinity of the ash, and
reducing the amounts of fertilizer K and B since the ash was supplying supplemental
amounts of both plant nutrients. In fact, since most of the dairy fields were planted to
alfalfa, which requires a high level of B for optimum growth, the ash-borne B was
especially important. The FBC producer was selling ash is to farmers which normally
would have been landfilled, and the farmer was obtaining a beneficial soil amendment at
competitive prices compared to agricultural limestone, with the additional benefits of
supplying P and B.
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Three extraneous factors contributed to the evolution of this classical example of by-
product utilization into a co-utilization strategy: (1) Prior research had demonstrated that
FBC ash has a composition similar to Portland cement. Thus addition of water to the dry
ash produces a cementitious product which remains porous; (2) Dairy barns almost always
have a wet, muddy area around the barn yard due to the trampling effects of the herd; and
(3) The particular area in New York is prone is to heavy snowfalls during the winter with
two or more feet of snow cover the norm, which prohibits land application of ash. The
result of these factors was the development of ash “pads” around the dairy barns which
would set-up like cement, remain dry due to the porosity of the ash, and could be
constructed during the winter, when land application of ash is prohibited. The viability
of these pads is the focal point of an ongoing study co-funded by the Department of
Energy. The objectives of the study include monitoring water quality over and through the
pad as well as examination of a co-utilization strategy. This strategy is the co-mingling of
dairy manure, which accumulates on the pad, with ash that is intentionally scraped off
when the manure is removed. Thus, a co-utilization product is produced (without the need
of composting) which potentially has a number of benefits. These benefits depend upon
two different methods of utilizing the removed ash-manure co-utilization product. The
farmer could spread the product on fields with a manure spreader. The high calcium in the
ash has the potential to reduce the water solubility of manure-derived P which in turn has
the potential to reduce surface runoff of P into waterways. Alternatively, the farmer may
be able to sell the ash-manure product as a value-added product to other farmers, thus
distributing the manure farther away from the farm source. Both of these alternatives are
being investigated as value-added co-utilization products. Thus, research performed over
more than fifteen years ago has evolved from the classical solitary by-product utilization
into a number of co-utilization, value-added strategies.

The second example involves the efforts underway in the home construction industry
in exploring ways to recycle new construction wastes. This example again demonstrates
the evolution from a classical waste handling approach to a co-utilization strategy. A
recent, short-term study funded by the Gypsum Association in collaboration with the
National Home Builders Research Center examined the recycling of scrap new
construction gypsum wallboard (final report of the study is available from the author). The
study looks at the pulverization of scrap wallboard on-site followed by the application of
the pulverized material directly on the soil around the site. Measurable benefits of this
type of application can be identified for most soils since wallboard is over 95% gypsum.
However, some soils will not respond to gypsum application, and and at construction sites
for commercial buildings or higher density housing, sufficient land surface may not be
available for direct application. In such situations, Missouri home builders have taken
scrap wallboard recycling and created an integrated, co-utilization product scheme. The
builder transports scrap wallboard and scrap wood from his construction sites to a
marshaling center. Here these materials are co-composted with leaves and poultry manure
from a nearby farm operation. The resultant co-utilization product is then used to grow
turf. The turf, in turn, is used for sodding around the builder’s construction sites. A full-
cycle approach is achieved using a co-utilization product.

The two examples discussed show the benefit of designing a co-utilization product.
In both cases the potential exists that the products formed could be value-added, compared
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to the materials utilized as solitary soil amendments.

THE FUTURE

Numerous waste streams exist that present opportunities to formulate co-utilization
strategies. These may vary from region to region. The possible use of new techniques,
such as the Geographical Information System (GIS), to assist in planning, identifying and
coordinating the use of wastes in co-utilization product development strategies, may be the
next step in fostering these strategies. GIS databases already exist that include
transportation networks (road, rail, water), geologic information (underlying rock type),
and information about the location and type of quarry operation for the production of
aggregates, sand and/or gravel. The potential for expanding GIS databases to include
industrial, municipal, and agricultural operations, and the types of associated wastes
produced, plus information on soil types, type of farming activity, surface erosion
potential, planned development for houses/industries, etc. could prove to be a useful tool
in designing co-utilization products. Determinations could be made from the database
itself on designing products to combat soil erosion, meeting agricultural needs, providing
products to new home owners, re-vegetate disturbed lands, or aid in bioremediation of
brown fields. Determinations of costs to transport, produce and distribute co-utilization
products could also be made from GIS databases. The potential of using systems like GIS
appears limitless.

Linkages between industrial, agricultural and municipal entities in the handling and
utilization of wastes by following co-utilization strategies can have significant impact on,
not only sustainable agriculture, but also sustainable communities. This Symposium is a
first step in fostering these linkages.

REFERENCES

Stout WL, Hem JL, Korcak RF & Carlson CW (1988) Manual for applying fluidized bed combustion residue
to agricultural lands. U.S. Department of Agriculture, Agricultural Research Service, ARS-74, 15 pp.
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ABSTRACT

As landfills close and traditional options for disposal of wastes decrease, many by-product
materials are viewed as resources for agronomic uses. Many materials termed wastes are
rich sources of nutrients and organic material for use in crop production, improvement in
soil physical or chemical properties, or as feed for livestock production. Agricultural,
municipal, or industrial by-products may be co-utilized, or combined, so that the materials
are more easily land applied, provide more complete nutrition, or enhance the soil
conditioning, economic, or environmental value of the individual by-products.

INTRODUCTION

As landfills close and concern for the environment increases, new options are sought for
the disposal of the various and numerous wastes and by-products produced. In the United
States by-product production has been estimated at more than 1 billion tons annually
(Walker et al., 1997). Prior to chemical fertilizer production and large scale farming,
farmers in small-scale production commonly recycled nutrients produced on-farm to
maintain soil fertility. With industrial growth, commercial fertilizers, and population
increases, the tendency arose to rely on chemical fertilizers for food production and to
dispose of municipal or industrial wastes rather than to cycle nutrients back into food
production. However, with the closure of landfills and the increasing concern for the
environment, agricultural, municipal, and industrial by-product materials are being
considered for various uses such as nutrient supply, feedstocks, and soil amendments.

By-products, which were once wasted by being stockpiled, landfilled, ocean-dumped or
otherwise not valued, are now recognized for their agronomic value. Land application of
by-products is controlled by several documents such as 40 CFR Part 257: solid waste; 40

CFR Parts 261-268: hazardous wastes; 40 CFR Part 761: polychlorinated biphenyls

(PCBs); and 40 CFR Part 503; biosolids, the last of which is being examined for possible

application to other land-applied by-products such as composts (Walker et al., 1997).

9

S. Brown, J.S. Angle and L. Jacobs (eds.), Beneficial Co-Utilization of Agricultural,
Municipal and Industrial By-products, 9-34.
© 1998 Kiluwer Academic Publishers,
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Details of these regulations may be found in the Federal Register 40 CFR and are
summarized along with a statement of policy encouraging beneficial use of by-products
in a chapter by Walker et al. (1997). This chapter presents an overview of by-product
utilization and co-utilization in agriculture.

AGRICULTURAL BY-PRODUCTS

For the purposes of this chapter, agricultural by-products are plant or animal residues or
wastes that are not collected by a municipality for further processing, and that are not
found in industrial production (as are food processing, or tannery, papermill, or textile
by-products, for example).

Plant Materials

Traditional on-farm treatment of crop residues often involves harvesting the edible parts
of the crop while leaving the remainder of plant material on the plots, either incorporated
or as a surface mulch. A cover crop may have been grown in the off season or as a
rotation. At a later time, the residues may have been plowed under. Stubble-mulch
farming and no-till farming are methods of crop residue management that have been
studied with resultant increases in crop productivity, soil fertility, and soil organic matter
and are reviewed by Stratton and Rechcigl (1997). Plant material may be composted
before it is applied to the soil, and use of plant residues is discussed in sections below and
also in a review by Stratton et al. (1995).

Plant materials are valued as a source of nutrients and organic matter, and soil
applications have many long-term benefits. In the short term, application of some
uncomposted crop residues to soil may initially immobilize N, and this effect has
traditionally been overcome by use of leguminous residues, timing of planting after
incorporation, or addition of N fertilizer or animal manure. Crop residues and animal
manures applied together is perhaps one of the earliest examples of co-utilization of
by-products. Co-utilization of by-products in discussed in detail at the end of this chapter.

Crop residues may contain, on a dry weight basis, approximately 1 to 1.5% N, 0.15 to
0.2%P, 1%K, 1% Ca, 0.5% Mg, 0.2% S, 30 mg kg"' Mn, 100 mg kg™ Fe, 30 mg kg Zn
5 mg kg Cu, 20 mg kg B, and about 1 mg kg Mo (Mills and Jones, 1996). These
values will differ with the crop, the plant part, the season, soil moisture over the growing
period, the nutritional history of the crop residues, as well as any other factor which affects
plant growth. In general, crop residues contain about half the total plant nutrients in the
entire crop (Minnich and Hunt, 1979, Mills and Jones, 1996). Slowly mobile or immobile
nutrient concentrations such as S, Fe, Zn, Cu, Mn, Mo, B, and Ca, are essentially all
retained in the residue (Mills and Jones, 1996; Minnich and Hunt, 1979).

McCalla et al. (1977) give details of nutrients supplied by different crop residues and
different plant parts. Corn (Zea mays L.) stover and grain, alfalfa (Medicago sativa L.)
hay, coastal bermudagrass (Panicum dactylon L.) hay, sorghum (Sorghum vulgare, Pers.)
stover, rice (Oryza sativa L.) straw, cabbage (Brassica capitata L.) and residues of several
other fruit, vegetable, and agronomic crops are reported to supply significant amounts of
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plant nutrients (McCalla et al., 1977). Table 1 reports amounts of N, P, and K that can be
returned to the field by stubble mulch farming (McCalla and Army, 1961).

Table 1. Amounts of N, P, and K, returned to the soil by stubble mulch farming.

Crop Nitrogen Phosphorus Potassium
kg/Mg

Comn 9 1.5 8.3

Wheat 7 0.6 9.5

Rye 7 0.6 9.5

Oats 6 0.8 12.5

Alfalfa 24 10 16.5

McCalla and Army, 1961

Nutrient replenishment by crop residues is only one of the important benefits of
returning plant material to the soil. The nutrients are released slowly and the nutrient
supply to the next crop may be held in the root zone, thus allowing a reserve of nutrients.
As well as supplying essential elements, the addition of organic matter in the form of crop
residues imparts significant improvements in soil chemical and physical characteristics as
reviewed by Stratton et al. (1995). Additional chemical benefits may be an increase in
aeration from bulking with plant residues, buffering or changes of pH, immobilization of
organic toxins or heavy metals, an increase in cation exchange capacity, or a possible
decrease in soluble salts depending on the materials used and the conditions of the soil
amended. An increase in certain microbial populations may affect plant nutrient
availability or plant disease severity. Physical improvements in residue-amended soils are
perhaps the most significant benefits from the addition of organic matter. After crop
residues are returned to the soil bulk density and compaction are decreased. Crusting,
runoff, and erosion are decreased, and permeability and infiltration are increased. Soil
moisture is increased and soil structure is improved.

Plant residues are also a significant source of feed for livestock. Some agricultural
by-products used as feed include citrus pulp, corncobs, hulls and husks of various crops,
malts and hops, molasses, sisal (4gave spp.) pulp, sugarbeet (Beta vulgaris L.) culls,
sugarbeet tops, sugarcane (Saccharum officinarium L.) bagasse, sunflower (Helianthus
spp.) seed, various straws, tomato (Lycopersicon esculentum L.) culls, and wheat (Triticum
spp.) middlings (Pate and Kunkle, 1989). These by-products can be a significant source
of nutrition for livestock (Table 2).

Mixtures of feeds may produce a greater weight gain in cattle than single feeds if
properly balanced. For example, cattle feed supplemented with feathermeal from poultry
processing resulted in about 0.57 kg of daily weight gain, and molasses-supplemented feed
resulted in about 0.45 kg weight gain per day, whereas molasses and feathermeal together
(co-utilization) resulted in about 0.79 kg per day gain in cattle (W. Brown, University of
Florida, personal communication).
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Table 2. Nutritional quality of certain plant residues.

Corn Cotton
Wheat Molasses Citrus Soybean Fiber Seed
Middlings Pulp Hulls Hulls Hulls
%o(dw)

Crude 18 6 7 12 11 4
Protein
Total
Digestible 80 70 70 80 85 42
Nutrients

National Research Council, 1996

Animal Materials

Animal manures, added to the soil, impart many of the same benefits as plant residues.
Organic matter additions, in general, improve soil chemical and physical characteristics.
A large portion of the plant nutrients ingested by livestock are excreted and by application
are returned to the soil for another season of crops. Significant increases in soil fertility
and tilth could be achieved if the great amounts of poultry manure (14 Mg), swine manure
(16 Mg), or cattle manure (48 Mg) produced in the United States were applied to the soil

(Robert Wright, USDA, personal communication).

Poultry manure is considered the richest of the manures in supplying N. So much of
the N is in the ammonium form that care must be taken in its use on crops. Poultry manure
is often composted or stored prior to use. These practices are wasteful of nutrients.
Manures are rich in P and may contribute to over-enrichment of soil P. Table 3 compares

nutrient content of plant residues and manures.

Table 3. Nutrient composition of plant residues and animal manures.

Nutrient Plant Cattle Poultry Swine
Residues® Manure® Manure® Manure®
%dw)
N 1.0-1.5 1.2-2.0 1.8-4.1 1.2
P 0.15-0.2 0.3-0.8 1.5-3.3 0.4
K 1 1.7 1.5-3.2 0.6
Ca 1 1.9 1.6 0.3
Mg 0.5 0.9 0.4 02

2 Mills and Jones, 1996
® Elliott and Swanson, 1976
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MUNICIPAL BY-PRODUCTS

Municipal by-products are materials from the greater community. These materials are
either collected and processed, or produced by the municipality as a bulk waste, at or by
a central facility, often regulated by legislature. These by-products include effluents,
sludges, biosolids, and cakes from waste water and sewage treatment, and composts from
solid waste disposal.

Biosolids and Sewage Sludges

The term sewage sludge has been applied to the solid human waste collected from
wastewater, treated at a central processing plant, and which remains as a residual after the
liquid effluent is removed. Now the term biosolids is used. In the United States, in 1990,
it was estimated 8.5 million Mg of biosolids were produced, with an estimate 12 million
Mg produced annually by the year 2000 (Hue, 1995). According to one estimate, 365,000
kg of dried, anaerobically digested biosolids are produced by 10,000 people in one year
(Sabey, 1980). If 3.3% of that was N (11,000 kg of N per year), and if all of the N were
available, 10,000 people would produce enough biosolids to fertilize between 40 to 100
ha, depending on the crop and management system (Sabey, 1980). By 1989, 2.34 million
dry metric tons of biosolids were land-applied (U.S. EPA, 1993).

With careful application, biosolids can be a good source of nutrients for agronomic
use. The liquid effluent portion of sewage treatment may also supply plant nutrients (by
dw)2%N, 1%P, 1.4%K, 2.4% Ca, and 1.7% Mg (Bouwer and Chaney, 1974). Since the
503 Regulations (Table 4) some biosolids are detoxified by removal of heavy metals either
at the source or by special processing known as autothermal aerobic digestion or liquid
composting (Jewell, 1994). Table 5 gives examples of metal concentrations in biosolids
before and after detoxification. The data in Table 5 shows the results of advances that
have been made in removal of metals from biosolids. This removal process, along with
the prevention of metals from entering the waste stream has done much to improve the
quality of biosolids compared to the recent past. Other processes used in biosolids
treatment include dewatering or alkali-stabilization. Analysis of these products may be
found in Table 6.

Water Treatment Effluents and Solids

Treatment of ground and surface waters for municipal production of clean drinking water
results in sediments from the settling processes. Two of the more common sludges are
high-alum sludge from treatment of water with aluminum sulfate, and iron humate from
the treatment of water with iron salts (Christopher Lind, General Chemical Corporation,
personal communication; Rehberg and Smith, 1997). Table 7 shows typical analyses for
these by-products. Table 7 clearly indicates the deficiency of macronutrients limiting the
use of these by-products as general fertilizers. However high alum sludge has the ability
to raise soil pH and bind phosphorus, processes which may be useful in certain soils or
with certain crops. Iron humate is a good source of iron and may improve moisture
retention in soil (Rehberg and Smith, 1997). These products may be mixed or enhanced
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Table 4. Limits for sludge application to cropland as regulated by CFR Title 40, Part 503.

Pollutant®

Metal Ceiling® Cumulative® Concentration

Limit Loading Limit

(dw)

mg/kg kg/ha mg/kg
As 75 41 41
Cd 85 39 39
Cr 3000 3000 1200
Cu 4300 1500 1500
Pb 840 300 300
Hg 57 17 17
Mo 75 18 18
Ni 420 420 420
Se 100 100 36
Zn 7500 2800 2800

3 Ceiling Limit- the maximum allowable pollutant concentration in land-applied biosolids

® Cumulative loading - the maximum amount of a pollutant that can be land-applied

if the pollutant concentration is below the ceiling, but above the pollutant concentration limit.
¢ Pollutant concentration limit - the pollution concentration in biosolids below which

sewage sludge can be land-applied without restrictive requirements and management practices.

Table 5. Metal concentrations in biosolids before (B) and after (A) detoxification treatment.

Biosolids Metal Content

Municipality Cd Cd ZIn Zn Cu Cu Ni Ni Pb Pb
B A B A B A B A B A

mg/kg (dw)
Binghamton  16.1 14 2900 200 749 278 482 60 247 82
Syracuse 274 3.1 620 141 871 199 88 21 195 46

Chemung Co. 115 119 2500 169 960 165 43 10 244 178
Jewell, 1994

to use as fertilizer as discussed in the section on co-utilization below.
Municipal Solid Waste Compost

Municipal solid waste (MSW) is the trash, refuse, or garbage produced by each household
and put by the curbside to be collected regularly by the municipality. Historically,
municipalities incinerated, land-filled, or ocean-dumped this waste, however with
escalating disposal costs and risks, MSW is being considered for recycling. It was
estimated the U.S. produced 209 Mg of MSW in 1994 (EPA, personal communication).
Of this figure 61% was landfilled, 23.6% recycled or composted, and 15.5% was
incinerated (EPA, personal communication). Of the 209 Mg MSW, 38.9% was paper and
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Table 6. Analysis of alkali-stabilized or dewatered sludge.

Parameter Alkali- Dewatered®
Stabilized®
pH 11.9
EC,ds/m 9.0
%(dw)
C 12.1
N 0.89
P 0.41 2.69
K 1.26
Mg 1.0
Ca 25.0
------------------ mg/kg (dw)-------=euuen-
As 7.6
Cd 0.83 5.6
Co 10.7
Cr 130
Cu 134 587
Mo 1.38 35.8
Ni 55
Pb 48 132
Se 1.69
Zn 186 545

2 Logan and Harrison, 1995
b Richards et al., 1997

Table 7. Analysis of high alum sludge and iron humate.

Nutrient High Alum Sludge? Iron Humate®
Yo(dw)

N 0 0

P 0 1.0-1.5

K 0-0.4 0.5-1.0

Ca 4-7 1.5-2.5

Mg 0-1 0.02

S 0-4 2-3

Fe 0-5 16-20

2 Christopher Lind, General Chemical Corporation, personal communication
® Rehberg and Smith, 1997

paperboard, 28.3% was wood, food, and yard trimmings, and 32.9% was glass, metals,
plastic, or other (EPA, personal communication). It is estimated that 67.2% of that
material might be easily compostable at municipal waste processing plants which employ
separation prior to composting (Stratton et al., 1995). Municipal solid wastes must be
processed in some way before considered for agronomic use. Ideally, MSW is collected



16 M.L. Stratton

at roadside, brought to the facility, separated by material (glass, metal, and paper are
recycled), and the compostable materials are shredded and composted (Stratton et al.,
1995). Analyses of two MSW composts are reported in Table 8. Municipal solid waste
compost can be a good source of plant nutrients and organic matter for soil amendment.
Some composters combine MSW with biosolids prior to composting, another example of
co-utilization.

Table 8. Analysis of municipal solid waste composts.

Source
Parameter Sumterville, FL? Sevierville, TN®
pH 7.89 7.1
EC (ds/m) 26 2
C/N 20.8 18.6
%(dw)
N 1.31 1.7
P 0.22 0.65
K 0.18 1.1
Ca 2.92 24
Mg 0.18 0.6
-------------------- mg/kg(dw)---------------—-
Zn 1210 800
Cu 413 200
Mn 630 460
Fe 25,650 17,000
B 75 4
Cd 6 6.6
Pb 204 240
Ni 52 56

2 Stratton and Rechcigl, original data
b A. Shiralipour, University of Florida, personal communication

Residential Yard Trimmings

In many municipalities, lawn, tree, and shrub trimmings are collected at curbside and
processed at a central facility. The woody by-products are chipped or shredded and used
as mulch or added to composts, often as a bulking agent for composted biosolids, an
effective co-utilization of these by-products. The material may be composted municipally
or sold to a private composter. The mulch is spread on public lands such as highway
slopes, parks, and lots, or sometimes sold for homeowner use. The green materials are
dried and often composted at a municipal or private facility. Amounts of municipally
collected yard trimmings are rapidly changing as more municipalities collect and handle
these by-products. Analyses of residential yard trimmings from two sources in Florida are
shown in Table 9.
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Table 9. Analyses of residential yard wastes.

Parameter Florida Florida
Yard Yard
Waste 1 Waste 2
pH 8.02 8.06
Ec (Ds/m) 2.76 242
C/n 24.1 24.7
%o(dw)
N 0.9 0.67
P 0.11 0.19
K 0.26 0.21
Ca 6.45 4.05
Mg 0.14 0.21
--------------- --Mg/Kg(dW)-=mmmmmmammmcne
Zn 251 38
Cu 26 10
Mn 47 56
Fe 2000 3165
B 17 17
Cd 0.5 0.5
Pb 41 9.5
Ni 14 2

Stratton and Rechcigl, original data

INDUSTRIAL BY-PRODUCTS
Energy Production By-Products

Coke is the product of distillation of coal and is still used in some boilers for energy
production, or for heating homes. The production process of coke is destructive (involving
anaerobic heating) and results in the production of by-product ammonia which historically
has been used to make fertilizer (Jones, 1979).

Boiler ash results from combustion, in most cases for energy production. Boiler ash
refers to a few different by-products, including base or bottom ash, fly ash, wet scrubber
ash, and mixtures of the three, among others. The substrate may be coal, wood, paper, or
even some sludges. The composition of the ash is a result of substrate combusted.

Of energy production by-products, those from burning coal are most abundant. Two
million tons of coal combustion by-products are produced in the U.S. annually (American
Coal Ash Association, personal communication). Of this figure, 58.7% is fly ash, 21.7%
flue gas desulfurization product, 16.3% bottom ash, and 3.3% boiler slag (American Coal
Ash Association, personal communication). Coal combustion by-products supply plant
nutrients, increase soil pH, decrease Al toxicity, enhance root penetration, improve soil
structure, reduce bulk density of soil, improve water-holding capacity, and acts as a barrier
to weeds (Chang et al., 1989). Composition of some coal combustion by-products is
shown in Table 10.
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Table 10. Analysis of coal combustion by-products.

Element, Bottom Fly Fluidized Flue Gas
Nutrient, Ash? Ash® Bed Desulfurization®
Parameter Combustion® Direct Lime Dual Alkali
pH 8-9.4 12.1
mg/kg(dw)
P 380-500
Ca 8-51 0.1-177 240-460
Fe 27-203 8-289 <1-16
Mg 5-61 4-32 5-12 24-420 0.1
K 2-35 7-16 <1-8 11-28 320-380
B 10-1300 95-170 2-530.
Cu 3.7-349 12-19 tr-340.
Mn  eeemeeee 56.7-767--- --- 210-685
.Y (0 I 0.84-100-------  0.12-0.28
S 72-140
Sulfate 800-4500 @ ememee- 80,000-84,000-------
Sulfite 0.9-2.7
Zn ammmme=-4,0-2300------ 12-19
Na 36-137 eeeeee 53,600-55,300-------
Al 3-20
As 0.5-279. tr-52
Cd 0.1-18 0.5 tr-180
Cr  eeeeeee- 3.4-437=en-- 9-23 tr-180.
Co —emmeme=f 9-T9Qee e
FI. el 0.4-320------ e s | W23 (1)
Pb e 0.4-252--=--- 1.5-7.5 tr-290
Hg -==ee==0.005-4.2----- tr-6
Ni 1.8-258 13-29
Se 0.08-19. 0.16-0.58 tr-60.
Ag e 0.04-8---------
Sr 30-3855
Tl 0.10-42
Vh e 11.9-570------

*U.S. EPA 1988

® Page et al., 1979

° Stout et al., 1988

4 Utility Solid Wastes Activities Group, 1982

Gypsum is a by-product of chemical removal of sulfur dioxides from exhaust of
coal-burning power production plants. Dry scrubbers or wet scrubbers produce calcium
sulfite which, in newer designs, is further oxidized to gypsum (Miller and Sumner, 1977).
Flue gas desulfurization gypsum is almost pure gypsum, but may contain 0.2-0.5% Mg if
dolomitic lime was used in the scrubber (Miller and Sumner, 1997). In an experimental
scrubber near Atlanta, the electrostatic precipitator was turned off allowing fly ash and
S to be removed by the scrubber (Miller and Sumner, 1997). The result was a by-product
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containing about 50% gypsum and 50% fly ash, a mix which is an effective liming and soil
conditioning agent and a source of Ca, S, and K. Co-utilization of by-products is
encouraged at production in this case. It must be cautioned that this approach caused some
wear on the scrubber equipment and is not usually the recommended method for deriving
amix of gypsum and fly ash should such a soil amendment be desired. It should be noted
flue gas desulfurization materials may sometimes contain appreciable levels of salts which
might be limiting for agricultural use (Miller and Summer, 1997). Land application of
gypsum has been reviewed by Shainberg et al. (1989).

One process of flue gas desulfurization produces ammonium sulfate (Wallach, 1997).
Development and details of the process are reported by Wallach (1997). The resulting
product, named DAKSUL 45 (trademark) has a typical analysis of 21% N and 24% S.
Thus far, 16,000 tons of DAKSUL 45 have been produced from a pilot plant (Wallach,
1997). With its high N and S analysis it may well be co-utilized with other by-products
to offer a more complete fertilizer.

Wood products which are burned for energy include hardwoods, softwoods, wood
chips, bark, logging slash, small trees, pulp from paper mills, and fibrous by-products
(Mitchell and Black, 1977). Wood ash is a valuable by-product for liming. Muse and
Mitchell (1995) reported an average calcium carbonate equivalent (CCE) of 38% for 19
boiler ash samples. Values for CCE ranged from 0 for a coal ash to 70% for hardwood
ash. Lerner and Utzinger (1986) reported CCE values of 88% for black cherry (Prunus
avium L.) ash to 115% for red oak (Quercus borealis Mich.) ash. In Muse and Mitchell
(1995) a CCE of 83% was reported for a homeowner's wood burning stove. Most
industrial boiler ash has a CCE of 25 to 70% (Mitchell and Black, 1997). Boiler wood ash
is considered more effective for neutralizing soil acidity than commercial, ground
limestone based on CCE (Muse and Mitchell, 1995). This result is considered a factor of
particle size (Mitchell and Black, 1997).

Food Processing By-Products

Food processing wastes can come from plant materials or animal materials. From plant
materials come culls, rinds, seeds, pits, pulp, presscakes, marc, malts, hops, and a variety
of other by-products from pressing, canning, juicing, pickling, baking, brewing, or other
mass food production processes. Often, much water is used in the processes and effluent
and sludge result. The sludge may be land-applied as a solid, whereas the effluent may be
part of an irrigation program. Analyses of cannery by-products are reported in Table 11,
and coffee (Coffea arabica L.) processing by-products in Table 12. Food processing
by-products may be land-applied (composted or uncomposted) for agricultural use or may
be fed to livestock. Some food processing by-products used as feed include tomato culls,
sugarcane bagasse, hulls and husks, wheat middlings, malts and hops, seed meals and oils,
corncobs, citrus pulp, sisal pulp, paper, and sawdust among others (Owen, 1980). Malting,
brewing and distilling of alcoholic beverages yields by-products which have agronomic
value for either crops or as animal feed (Table 13).

Food processing of animal products includes such industries as slaughterhouses,
packing plants, meat canneries, processed meat plants, dairies, and cheese or yogurt
processing plants. In 1995, 11 billion kg of beef, 8 billion kg of pork, and 11 billion kg
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Table 11. Nutrients in cannery by-products.

Nutrient Tomato Pear Peach
Yo(dw)
N 1.84 1.37 0.7
P 0.31 0.18 0.12
K 0.012 0.012 0.01
Ca 0.002 0.003 0.001
Mg 0.003 0.001 0.003
S 0.22 0.37 0.065
Wilson and Lemieux, 1980
Table 12. Nutrients in coffee processing by-products.
Coffee Coffee Dried
Pulp Hulls Coffee
Nutrient Residues®
Yo(dw)
N 3.5 1.1 1.8
P 0.1 0.03 0.06
K 2.0 0.04
Ca 0.6 0.16 0.06
Mg Tr 0.02
mg/kg(dw)
Mn 72 29-36
Zn 4.6 9-12
Cu 5.7 25-29

* Residues from processing instant coffee

Topps, 1980

Table 13. Composition of some brewery and distillery by-products.

Spent Evaporated

Nutrient Hops Spent Wash
-Y%(dw) Yo(Ww)--

N 0.6-5.7 2.9-45

P (P,05) 0.2-34 1.0-1.2

K (K,0) 0.006-2.6 0.7-1.5

Ca 0.3-0.6

Mg 0.11-0.12 0.4-0.6
-------------- mg/kg(Ww)---------------

Mn 16-69

Zn 52-1012

Cu 192-248

After Berryman, 1970 in Garscadden, 1980; Miller, 1973
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of chicken were produced (Bislinghoff, United States Department of Agriculture, personal
communication). By-products from food processing of animal matter can be rich sources
of nutrients. Effluents may contain from 2 to 5% of the total carcass protein from food
processing. Slaughterhouse effluents in one report contained from 10.5 to 11.5 % N
(Grant, 1980). Effluents may be land-applied or used as feed. Fats and proteins may be
extracted and added to feedmeal. Fats are also removed for gelatin and glue production
by boiling and steaming bones from the slaughterhouses, with bonemeal, a valuable
phosphorus fertilizer, as a by-product (Jones, 1979).

As a fertilizer, dried blood is a rich source of N, as much as 12% N (Minnich and
Hunt, 1979). Slaughterhouse effluent may be used in an irrigation program supplying 64
mg ' N, 19 mg 1" P, 83 mg 1" K, 220 mg I'' Ca, and 14 mg I'' Mg (Wells and Whitton,
1970). Effluents from meatworks used in such an irrigation study resulted in plants with
increased N, P, and K in tissue (Table 14).

Table 14. Composition of white clover and ryegrass grown with or without effluents from

meatworks.
White Clover Ryegrass
N P K N P K
Yo(dw)
Control 3.2 0.21 1.65 2.7 0.2 1.9
Effluent 5.2 0.37 2.65 4.0 0.33 33

Wells and Whitton, 1970

Liquid dairy by-products, such as whey, whey permeate, and drug-residue
contaminated wastes, are land-applied for disposal (Kelling and Peferson, 1981;
Rodenberg, 1991; Sharratt et al., 1959). Liquid dairy wastes can improve soil conditions
and are considered good sources for plant nutrients when less than 26,500 1 ha™ yr' of
whey are applied (Matzke and Wendorff, 1993). This limit was set due to chlorides from
CaCl, used in cheese processing (Matzke and Wendorff, 1993). Some dairy processing
wastes, such as whey, can be fed to livestock.

In 1978, the world marine fish and shellfish harvest amounted to about 70 million Mg
yr'! (Swanson et al, 1980). In some processing procedures, 100% of the fish is used; in
processing of some types of crabs, 85% of the original material may remain as by-product
(Swanson et al, 1980). Seafood processing wastes are a significant source of N, P, and
CaCO, equivalent (Table 15). Seafood processing by-products may be land-applied, fed
to livestock, or further processed into pet foods. If used for land application, the
by-product may be dewatered, composted, or further processed using procedures such as
particle size reduction or amendment addition for easier handling. Seafood processing
scraps have been composted with various other by-products (Section VI, this publication).
Fertilizer and livestock feed usage of seafood by-products have been recognized for
centuries as good management of resources|as these wastes are particularly high in protein
and nutrients (Swanson et al., 1980). In general, fish meals contain 55-70% protein,
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5-10% lipids, 12-33% ash, less than 1% fiber, and ideally about 8% moisture (Brody
1965). Some typical analyses of fish meals are shown in Table 16.

Table 15. Analysis of fish meals for use as feed.

Meal By-product Protein Oil Ash Moisture
Yo(dw)
Herring Whole Fish 60-77 8-12 8-11 6-10
and scrap
Menhaden Whole fish 50-65 5-15 16-25 5-12
Ocean Perch Fillet scrap 50-60 8-12 20-24 5-10
Salmon Cannery scrap 55-65 10-14 12-30 6-10
Tuna Cannery scrap 60-65 5-10 20-23 7-10

Table 16. Analysis of seafood processing by-products.

Nutrient Shrimp Crab Crayfish
Yo(dw)

N 5.6 44 5.1

P 43 33 12

K 0.22 0.83 0.14

Ca 0.16 0.16 0.18

Mg 0.78 0.92 0.26

CCE 26 42 45

Swanson, Dudley, and Williamson, 1980

Metals Industries By-Products

Steel mills, copper, zinc, and bronze smelters use air-pollution control devices from which
micronutrients can be collected as baghouse dusts, electrostatic precipitator sludge, or as
scrubber sludges. Since many of these high-metal wastes are declared hazardous under
40 CFR Part 261.3, environmental and legal responsibility concerns have inhibited many
growers or fertilizer blenders from utilizing these micronutrient-rich resources. The heavy
metals may be removed, but the process is considered too expensive for fertilizer
production and use. Much of the material is mixed with a binder such as cement and
landfilled (Wyatt, 1997). However metal by-products, if properly formulated and carefully
used, could provide plant micronutrients when land-applied.

One common fertilizer and soil conditioner, gypsum, is a by-product of electroplating,
metal etching, or mineral processing, especially of titanium ores (Miller and Sumner,
1997). Boron-containing materials include baghouse dusts from glass bead production and
slags created by the fluxing of metal recovery smelters. By-product Co is found in
off-grade cobalt oxide and cobalt sulfate products. Metallic Cu and some of the Cu in
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brass slags are not readily bioavailable; however, nitric acid extraction will produce copper
nitrate, or heating will produce copper oxide. Copper sulfate is produced from copper
scrap. By-product Cu is found in petroleum refining catalysts, Cu recovery operations,
smelter effluents streams, furnace slags, scales from Cu wire drawing, Cu plating wastes,
and baghouse dust from Cu tube manufacturing. Iron sulfate is produced in waste
neutralization from the cleaning of steel coils and sheets prior to galvanization and is a
product of the pickling process in steel manufacture (Jones, 1979). Iron sulfate is
produced in titanium oxide production, Cu smelting and steel production among other
industries. Sources of manganese include baghouse dusts, scrubber sludges, and slags.
Zinc is available in many by-products, including plating wastes, baghouse dusts from
smelters, boiler ash. Zinc dusts may contain Cd or Pb as a result of the association in
parent material rendering the material unsuitable for use on food crops (Wyatt, 1997).

The fertilizer micronutrient industry consumes many by-product materials which would
have no other use (Wyatt, 1997). Micronutrients may be supplied in frits, a product which
is composed of brown-colored, pulverized, specially compounded glasses that slowly
release B, Cu, Fe, Mn, Mo, and Zn, or other waste metals depending upon the industry
involved (Jones, 1979). Other metal by-products include oxides, sulfates, nitrates,
carbonates, chelates in liquids, suspensions, powders, and granules (Wyatt, 1997).
Micronutrients, in small amounts, and in proper proportions may be blended in feeds (Pate
and Kunkle, 1989).

Fertilizer Production By-Products

In 1995, the U.S. phosphate fertilizer industry, centered mostly in Florida and North
Carolina, produced 40 Mg of phosophogypsum, the by-product resulting from processing
45 Mg of raw mined phosphate rock (Miller and Sumner, 1997). Phosphogypsum is
85-95% gypsum, with 3-17% sand, and 0.1-1.0 % P and F (Alcordo and Rechcigl, 1995;
Miller and Sumner, 1997). Typically, phosphogypsum is acidic (pH 4.5-5.5) but not
strongly buffered. Phosphogypsum is sometimes mixed with fly ash prior to land
application. Potassium chloride can be crystallized from lake brine, leaving a dilute
“mother liquor” which can be further cooled in vacuum-type coolers resulting in crystals
of crude borax, Na,B,0,.10H,0 as a by-product (Jones, 1979).

Paper and Wood Industries By-Products

Paper products which may be diverted from the waste stream include newsprint, computer
paper, cardboard and pasteboard containers, insert advertisements, third class mail, and
phonebooks. The composition of these products are given in Table 17. Incorporation of
paper or wood products into soil, or use of such products as mulches, affords benefits of
organic amendment such as erosion control, reduced bulk density, increased porosity and
water infiltration, increased moisture retention, increased CEC, improved soil structure,
increased water stable aggregates, increased soil pH, enhanced plant growth, suppressed
soil-borne plant diseases, and increased soil enzymatic activity (Edwards, 1997). In drier
regions, water conservation efforts can benefit from additions of paper or wood products
to the soil. In the southeastern U.S. where hot, humid conditions may rapidly deplete
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organic matter from the soil, paper and wood products can replace some of the lost organic
matter, thereby improving the soil fertility.

Table 17. Analysis of paper products.

Nutrient Newsprint ~ Computer  Cardboard Insert 3" Class Phone

Paper Containers Ads Mail Books
Yo(dw)

P 0.01 0.01 0.01 0.01 0.01 0.004

K 0.01 0.004 0.008 0.001 0.006 0.009

Ca 0.08 2.86 0.43 0.51 1.0 0.09

Mg 0.01 0.04 0.03 0.02 0.03 0.02

mg/kg(dw)

Fe 136 219 298 223 159 57

Mn 31 5 29 28 6 45

B 1.8 1.8 6.6 3.1 15.7 1.0

Zn 51 6 57 151 10 5

Cu 225 4.4 16.7 323 12.2 5.7

Edwards, 1997

Paper and wood have high C:N ratios (100:1 and greater) and may immobilize N if
land-applied (Barker, 1997). Many applicators apply the materials far in advance of crop
planting or may compost the material with a high N source such as green plant matter or
biosolids (co-utilization of by-products). Paper poses special handling problems in that
it is difficult to decompose, may present a physical barrier to water penetration and
seedling emergence if layered upon the soil, and if shredded may be so light in weight as
to be extremely difficult to apply to land. Pelletization is one method being studied to
solve these problems (Edwards, 1997). Metals in paper may pose land application
problems, with zinc being the limiting factor in land application of mixed paper wastes in
one set of experiments (Goodrich et al., 1988).

In paper production, an estimated 41 kg of fibrous wastes were generated per Mg of
finished pulp produced (Millett et al., 1973). Paper manufacturing produces many
by-products which may be used as soil amendments. Papermill sludge, wastewater,
causticizing residuals, and deinking sludges are a few of the by-products from paper
manufacture. Primary sludges are low in plant nutrients and have a high C:N ratio
(Camberato et al., 1997). Secondary sludges have higher concentrations of N and P and
lower C:N ratios than primary sludges (Table 18) (Camberato et al., 1997). Aluminum
concentrations in paper manufacturing sludges were higher than some sewage sludges in
one report, however, As, Cd, Co, Hg, Pb, Sn, and Se were lower (Camberato et al., 1997).
Paper mill sludge and ash in a set of experiments in Maine were analyzed for metals with
results reported in Table 19. In the last decade the paper manufacturing industry has made
great efforts to lower the concentration of dioxins and furans in processing, using chlorine
dioxide instead of chlorine in the bleaching process thus making land application of paper
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manufacturing by-products an alternative to land-filling (Camberato et al., 1997).

Table 18. Nutrient analyses of wastewater sludges from paper manufacturing.

Nutrient Primary Secondary
Sludges Sludges
Yo(dw)
N 0.27 23
P 0.16 0.42
Primary and Secondary Sludges Combined
Yo(dw)
K 0.22
Ca 1.4
Mg 0.15
S 0.47
--------- mg/Kg(dw)errmmrn
Fe 1,540
Mn 155
Zn 188
B 25
Cu 52

Camberato et al., 1997

Table 19. Heavy metals concentrations of papermill by-products.

Ash Sludge Maximum Application®
Metal
mg/kg(dw)
Cd 4.4 2 10
Cr 27 230 1000
Cu 120 33 1000
Pb 59 15 700
Ni 47 31 200
Zn 370 200 2000

* maximum Cumulative Application to Food Chain Crops, Maine Department of
Environmental Protection
Hatch and Pepin, 1985

Causticizing residuals include lime mud, slaker grits or rejects, and green liquor dregs
(Camberato et al., 1997). Lime mud is the residual material from the reaction of CaO with
green liquor (Na,CO; and Na,S solution), yielding CaCO,, NaOH, and Na,S (Camberato
etal., 1997). Most of the NaOH and Na,S are recovered and reused. The CaCO, may be
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removed at this point or may be fired in a kiln to produce CaO. Slaker grits are mainly
large, unreactive lime particles and insoluble impurities. Green liquor dregs are the
precipitated substances in the green liquor, comprised of C (50% or more) and insoluble
metal carbonates, sulfides, sulfates, hydroxides, and silicates (Camberato et al., 1997).
Causticizing residuals are used as a liming material. Analyses of lime muds, green liquor
dregs, and slaker grits from paper manufacturing are reported in Table 20. Paper
manufacturing effluents may also be land-applied, usually in an irrigation program.

Table 20. Analysis of lime muds, green liquor dregs, and slaker grits.

Nutrient Lime Green Liquor Slaker
Muds Dregs Grits
Yo(dw)
N 0.18 0.27 0.22
P 0.28 0.07 0.08
K 0.04 0.46 0.27
Ca 379 19.4 36.4
Mg 0.62 2.27 0.72
S 0.20 1.42 0.12
mg/kg(dw)
Fe 1,512 8,977 3,300
Mn 310 9,611 192
Zn 255 1,052 488
B 5.9 20.6 73
Cu 15.8 240 16.0

Camberato et al., 1997

Newspaper comprising up to 30% of the diet has been fed to dairy cattle (Furr et al.,
1974), or sheep (Sherrod and Hanson, 1973) with the general finding that the higher the
percentage of paper the lower the digestibility of the feed. Unbleached kraft pulp has been
fed to cattle and sheep and goats, with goats showing the best acceptance of the material
(Millettet al., 1973). Newsprint and magazine paper are less easily digested than products
such as wrapping paper, typing paper, or light cardboard (Dunlap, 1980).

Tannery By-Products

One tannery may produce as much as 12,000 Mg yr' of tannery wastewater sludges
(Mazur and Koc, 1980). Treatment of tannery wastes includes alkalization, followed by
coagulation with ferrous sulfate or aluminum sulfate, fermentation and dewatering, often
with subsequent stockpiling and composting of the sludges. The metals content of these
sludges is dependent upon the process used for tanning. Processes that use Cr produce a
by-product considered unsuitable for land application (Mazur and Koc, 1980). Mazur and
Koc (1980) reported that tannery sludges with high concentrations of Cr had deleterious
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effects on plant growth (Table 21). Tannery sludges may contain as much as 88% organic
matter (Mazur and Koc, 1980). Mazur and Koc (1980) reported increases in yield of
potatoes (Solanum tuberosum L.), summer barley (Hordeum vulgare L.), horse beans
(Vicia faba L.), and winter wheat (Triticum aestivum L.) with application of tannery
sludges. A review article by Hughes (1988) discusses land application of tannery
by-products.

Table 21. Analysis of tannery sludge.

Nutrient Mean Range
Yo(dw)

N 3.78 1.97-5.67

P 0.25 0.09-0.49
K 0.09 0.04-0.21
Ca 3.83 1.00-7.51
Mg 0.27 0.01-0.94

S 2.86 1.22-5.45
Fe 0.95 0.001-12.52
Cr 1.29 0.34-2.80

Mazur and Koc, 1980

Textiles and Fibers By-Products

Textile wastes may be land-applied (Overcash et al., 1978). Cotton plant residues
separated prior to processing at the textile plant are considered plant residues and are
discussed in the beginning of this chapter. The by-products from production are
considered here. Cotton waste has been used in potting media (Wang, 1991), and in
composting (Shumack et al., 1991; Albanell et al., 1988; Winterlin et al., 1986). It is
suggested cotton gin wastes be composted prior to land application may be preferred to
eliminate concerns with N immobilization. Some researchers suggest liquifying cotton gin
wastes into a fuel oil (White et al., 1996). One intriguing use for cotton gin wastes is as
an absorbent in oil spills (Anthony 1994). Wool by-products are typically rich in N and
have been land-applied after composting with resulting increases in chickpea (Cicer
arietinumL.) and wheat growth (Tiwari et al., 1989). The manufacture of acrylic or nylon
fibers results in wastewater containing the common fertilizer, ammonium sulfate as a
by-product (Jones, 1973). Wastewater column bottoms from acrylic fiber production
contain 2-20% ammonium sulfate by weight, such that a sample of 400g of column
bottoms yielded 13.6g ammonium sulfate crystals after precipitation, purification, and
drying (Jones, 1973). Wastewater from nylon production contained 89-125 mg I'' PO,,
104-128 mg I'' SO,, and 18,000-33,000 mg 1" total N (Jones, 1973) and some organic
matter, some of which has traditionally been removed from the wastewater by anaerobic
denitrification, algae harvesting, ammonia stripping, ion exchange or carbon absorption
(EPA, 1971). Rayon production effluent may contain 2000-2500 mg 1" dissolved Na,SO,,
2000 mg 1! CaSO,, 50-100 mg I Mg, 0.3 mg I'' Fe, and 1 mg 1! Zn (Rock, 1971). Rayon
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production requires 19,000 kg of water to produce 454 kg of fiber, 34,000 kg of water to
produce 454 kg of acetate fiber (Behmer, 1976). Effluents from fiber production may be
land-applied.

Building Industry By-Products

Rock dusts are by-products of the aggregate industry. They are collected in washings of
crushed rocks which are cleaned for use in asphalt and cement. As a fertilizer, rock dusts
may provide P, K, Ca, Mg, Fe, Mn, and some micronutrients, as well as having a liming
effect on soil. Smaller particles of these silicaceous dusts are more effective fertilizers
than larger, sand-sized particles (Barker, 1976). Rock dusts have been used as fertilizers
since the 1800s (Plummer, 1918), have been researched recently (Hinsinger et al., 1996;
Weerasuriya et al., 1993) and are also the subject of mining interests (Korcak, 1996).

Organic synthetic building materials such as countertops contain proteinaceous or
amide-type substances which when finely divided as in shavings are sometimes considered
as sources of synthetic proteins for feed or fertilizer (Jones, 1979).

Chemical By-Products

Pigment manufacture produces iron oxide waste which may be used to condition soil or
as a fertilizer (Behmer, 1976). For the most part, wastes from pigment, paint, or oil
industries have poor suitability for land application (Behmer, 1976). However, oily
hydrocarbon sludges have been land-applied with decomposition and disposal as the intent
(El-Nawawy et al., 1992; Harris, 1976; Loehr et al., 1984).

Antibiotic Fermentation and Drug Production By-Products

Antibiotic fermentation wastes may contain as much as 6% N and 44% organic C as was
the case with wastes from Tylosin production (Bewick, 1980). Wastes from penicillin
production in this study had about 6% N and 91% organic C (Bewick, 1980). Wastes from
Oxytetracyclins production had 2.8% N and 26.5% C, but had a pH of 2.2 which would
limit its use as a fertilizer (Bewick, 1980).

Pharmaceutical wastes from vitamin production have been used to grow turf of
Kentucky bluegrass (Poa pratensis L) or a mix of bluegrass and perennial ryegrass
(Lolium perenne L.) (May Khabbaz and Martin Petrovic, Cornell University, personal
communication). Pharmaceutical wastes or a horse manure comparison treatment
produced marketable turf at 8 weeks compared to biosolids which did not produce
marketable turf until 12 weeks after seeding. The pH of the pharmaceutical wastes was
7.5, compared to 8.1 for the horse manure, and 5.9 for the biosolids. The fastest
germination occurred in the horse manure. In this study, special considerations with the
wastes were the depletion of N in the horse manure in 45 days, the high soluble salts of
the biosolids, and the need for careful attention to the pharmaceutical wastes as the media
tended to be difficult to wet.
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CO-UTILIZATION OF BY-PRODUCTS

In many cases, a by-product may not be ideal by itself for land application or for use as a
feed. Through co-utilization of by-products more useful agronomic products may result.
The benefits of co-utilization may include nutrient balance, improved handling, storage,
transportation, and application, reduction of toxins or contaminants, improved moisture
content, improved economic value, improved pest and weed control, plant disease control,
and various improved soil conditioning effects.

Composting is perhaps the most widely practiced type of by-product co-utilization for
agronomic use. The benefits of co-utilization of by-products in composting may include
adjusting the C:N ratio, improved bulking and aeration, as well as moisture content, and
perhaps a reduction in ammonia volatilization and an enhanced microbial population
(Stratton et al., 1995). The term co-composting has been used to designate two or more
by-products being composted together, such as biosolids to supply N and wood
by-products to supply C. However, many researchers consider the term unnecessary as
much of the materials composted are blended prior to the process to achieve optimum
composting conditions. Municipal solid waste compost is a good example of co-utilization
of by-products in composting as many household wastes may be included in the compost
substrate.

Other by-products composted together include pulverized pallets with biosolids and
wood ash (BioCycle, 1994), peat with seaweed, crab scrap and fish scrap (Mathur et al.,
1986), sawdust with peat, poultry manure, fish offal, and crab processing wastes (Martin
et al., 1993), and fish wastes with wood chips (Frederick, 1991). Biosolids have been
composted with wood chips, leaves, bark, shredded tires, cereal hulls, straw, or fly ash
(Elwell et al., 1994; U.S. EPA, 1984; Pichtel, 1990). Water hyacinth has been composted
with gizzard shad, poultry or cattle manure, or scallop offal (Hackett and Thompson,
1991). Cotton gin wastes have been composted with sheep manure (Albanell et al., 1988).
These are just a few examples of the many compost mixes researched. Many of the recent
advances in co-utilization of by-products have been in the usage of industrial by-products
as components of compost. More advances can be expected as different industrial
by-products are composted and researched rather than land-filled or otherwise disposed.

Cranberry (Vaccinum macrocarpon, Ait.) presscake has been applied to corn and
alfalfa fields with rice hulls (Susan Butkewich, Ocean Spray, Inc., personal
communication). The presscake contained (on a dry weight basis) 1.25%N, 0.2% P, 0.2%
K, 0.06% Ca, 0.07% Mg, and 48.7% C. The C:N ratio was 38:1 in this analysis, and the
pH of the material was 3.6. Yield of marketable ears of corn grown with cranberry
presscake were equal to those grown with manure, and greater than those grown with
compost. Cranberry presscake has been successfully co-utilized with rice hulls or celite
in land application experiments. One important finding of the cranberry presscake
research is the suppression of weeds (Stephen Herbert, University of Massachusetts,
personal communication).

Iron humate from water treatment has been treated to produce an enhanced or
value-added product called granulated solubilized dolomitic iron humate, the composition
of which is reported in Table 22. Granulated solubilized dolomitic iron humate (GSDIH)
might conceivably be applied to/land with another product discussed in the section on
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energy, DAKSUL 45, to supply 21%N and 24%S (dw). Ash may also be land-applied in
this co-utilization scheme to provide K, along with bone meal to supply P.
Phosphogypsum supplying Ca and S might be applied with the slow release iron humate
(SRMAIHP) to more completely supply plant nutrients through co-utilization.

Table 22. Analysis of granulaied solubilized dolomitic iron humate (GSDIH), soluble nitrogen
iron humate plus minors (SNIHPM), and slow release magnesium ammonium iron humate
phosphate (SRMAIHP).

Nutrient GSDIH SNIHPM SRMAIHP
%(dw)

Total N 7.4

Total P,Os 174

Available P,O; 9.9
K 11.5
Soluble K,0 3.1
Total Fe 8.0 9.4 9.9
Soluble Fe 1.2 0.1 0.1
Available Fe 4.8 8.9 8.9
S as SO,= 7.7 13.6

Mg 5.0 33

Soluble Mg 2.0 2.6

Ca 7.0 52

Zn 0.2

Mn 3.0 134
Soluble Mn 24 0.7
Available Mn 59

Rehberg and Smith, 1997

SUMMARY AND FUTURE NEEDS

Co-utilization of by-products may prove so beneficial in the near future as to change social
views of resources formally targeted for disposal. Every by-product should be viewed
with the intent of finding uses for that by-product rather than disposal. Many by-products
have been utilized for years in practices other than those agronomic, for instance, gypsum
wallboard in the building industry, or ash added to concrete, however more agronomic
uses should be sought.

The economic savings from the use of by-products as fertilizers or feeds may be
substantial (Parr and Hornick, 1992; Forste, 1994). For example, the value of cattle
manure is estimated at $23.47 Mg, crop residues: $8.44 Mg, biosolids: $21.40 Mg, and
MSW: $3.66 Mg, based on values of $0.30 kg for N, $0.37 kg™' for P, and $0.20 kg for
K (Parr and Hornick, 1992). Forste (1994) estimated a savings of $90.55 in the first year
of biosolids.land.application.. The.increased perceived value of by-products is expected
to provide impetus for co-utilization of by-products in agriculture (Galloway and Walker,
1997).
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Environmental issues surrounding the co-utilization, land application, or use as feed,
of by-products include food-chain concerns, possible water contamination, and odors,
among other perceived concerns. However, the environmental gain from cessation of
disposal of by-products in landfills, oceans, or by other wasteful, ecologically unsound
methods is expected to outweigh any detrimental effects, provided careful use of
by-products is practiced. Future research in this area is expected to increase greatly in the
near future.

Future research needs include the evaluation of by-products mixes for land application,
feeds, or composting, development of accurate, calibrated analysis of organic content,
environmental impact of land-spreading, and economic value of by-products, improved
storage and handling of by-products to reduce nutrient loss. Perhaps most importantly,
logistical difficulties, such as transportation and application issues, and social acceptance
issues which require education of the public, government officials, regulators, and the
agricultural community need to be addressed. If the full benefits of co-utilization of high
quality by-products can be realized by the agronomic community, by-products may be
viewed as the great resources they can be, rather than the difficult disposal problems they
were.
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ABSTRACT

Composting activity across all categories of organic residuals is steadily increasing in the
United States. There are fourteen municipal solid waste composting facilities, 250
biosolids composting sites, 3,260 yard trimmings composting sites, and over 175 food
residuals composting projects. Development of composting projects has been driven by
several factors over the years: A need for organic soil amendments; restrictions on
landfilling yard trimmings; a brief landfill disposal capacity “crisis;” the ability to compete
with disposal options in some situations; and a need for flexibility in management of
biosolids. The future of composting will be driven by such factors as the need for disposal
alternatives; a demand for organic soil amendments; and regulations that stipulate more
environmentally sound management of residuals such as manures.

INTRODUCTION

Composting in the United States has come a long way in the past 30 years. A full range
of organic residuals -- from municipal wastewater biosolids and yard trimmings to manures
and brewery sludge -- are being composted. Technologies and methods have grown in
sophistication, as has the knowledge about what it takes to operate a facility without
creating a nuisance, and to generate a high quality product.

In the general scheme of waste management alternatives, only a small percentage of
residuals from the municipal, agricultural, commercial, industrial and institutional sectors
are being composted at this time. Yet the fact that there is a significant level of
composting experience in all those sectors lays the groundwork for growth in the future.

This paper will examine composting activity in the municipal, commercial, institutional
and industrial sectors. While composting of agricultural residuals on farms is an
increasing practice, BioCycle does not tabulate the number of projects in that sector.
Therefore, no data on on-farm composting will be included.
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BIOSOLIDS COMPOSTING

The first survey of biosolids composting projects was done in 1983. At the time, there
were 61 operating facilities and 29 projects in development, for a total of 90. The number
of projects has grown steadily over the past 14 years (see Table 1).

Table 1. Biosolids composting project history®.

Year Operational Total
1983 61 90
1985 79 173
1986 89 178
1987 107 197
1988 115 219
1989 119 227
1990 133 255
1991 149 275
1992 159 290
1993 186 321
1994 201 318
1995 228 330
1996 250 338

*Source: BioCycle Magazine Annual Biosolids Composting Surveys

As of December, 1996, there were 250 operating biosolids composting plants in the
United States and 88 projects in development, according to BioCycle’s annual survey of
biosolids composting projects (Goldstein and Steuteville, 1996). These facilities compost
either raw or digested solids from wastewater treatment plants. Of the 250, 110 utilize the
aerated static pile composting method, 72 compost in windrows, 52 have an in-vessel
system, eight compost in aerated windrows and eight utilize static piles.

With aerated static pile composting, feedstocks are mixed and put in trapezoidal shaped
piles. Blowers are used to aerate in either a positive mode (forcing air up through the pile)
or negative mode (pulling air down through the pile). With the windrow method, piles are
not aerated with blowers; instead, they are turned mechanically, either with a front-end
loader or compost turning equipment. Aerated windrows have both forced aeration and
are mechanically turned. Static piles have neither turning nor forced air. There are a
variety of in-vessel composting technologies, ranging from agitated bays to silos.

Biosolids are mixed with a bulking agent prior to composting. The bulking agent
provides both a carbon source and pile structure. BioCycle survey data finds that the most
common amendments for aerated static pile composting are wood chips, followed by
leaves, grass and brush. In-vessel systems without built-in agitation typically use sawdust
and wood chips for amendments, while the agitated bay systems may utilize those
materials and/or ground yard trimmings. The most common amendment at windrow
facilities are yard frimmings, followed by wood chips. Other amendments utilized in
biosolids composting include wood ash (which also helps with controlling odors),
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newsprint, manure, and peanut and rice hulls. Many facilities also use recycled compost.
The majority of biosolids composting facilities are fairly small to medium in size. The
largest sites are a 150 dry ton/day windrow composting facility in Corona, California, a
65 dry ton/day in-vessel facility in Akron, OH, a 60 dry ton/day static pile facility in King
County, WA, and a 50 dry ton/day aerated static pile composting plant in Philadelphia, PA.
Biosolids composting facilities typically are successful in marketing or distributing the
compost produced. The top paying markets for biosolids compost are nurseries,
landscapers and soil blenders. Other end uses include public works projects (e.g. roadway
stabilization, landfill cover), application on park land and athletic fields, and agricultural
utilization. Many composting plants distribute compost directly to homeowners.

BIOSOLIDS COMPOSTING DRIVERS

There are a number of “drivers” that have contributed to the development of biosolids
composting projects in the United States. They revolve around potential difficulties in
continuing current practices -- such as landfilling, incineration or in some cases, land
application -- to a confidence level to undertake the effort because of the success of other
projects.

Research on aerated static pile composting in the early 1970s at the U.S. Department
of Agriculture’s Agricultural Research Service in Beltsville, MD, helped to stimulate the
application of the technology at municipal wastewater treatment plants. While smaller
plants may use composting as their primary management option, a number of facilities start
a composting project in conjunction with a land application program. Composting
provides a backup when fields aren’t accessible. For treatment plants in areas where
agricultural land within a reasonable hauling distance is being developed, composting not
only is a backup, but also is likely to become the primary management method in the
future. In other areas, treatment plants that dispose of sludge in landfills may start a
composting facility because of the uncertainty of their ability to continue landfill disposal
in the future.

In the 1980s, landfill bans on yard trimmings forced many local governments to initiate
composting projects to process leaves, brush and grass clippings. In some cases, public
works officials joined forces with wastewater treatment plant operators in their towns to
create cocomposting projects -- using the yard trimmings as bulking agent for the
biosolids. This contributed to the growth of biosolids composting in the late 1980s and
early 1990s

Perhaps one of the most exciting and important drivers in the development of biosolids
composting plants has been the growing base of knowledge about what it takes to operate
a successful facility. For example, many plants were (and still are) plagued by problems
with odors. In some cases, they were severe enough to temporarily or permanently cause
a site to close. In the early days, little was known about the composition of these odor
compounds, the primary sources at a composting site, and technologies that could treat
them effectively. Today, there is a great deal of sophistication in this area, and it helps to
build confidence in utilizing the composting technology.

Two other drivers -- not just for biosolids composting but for other residuals -- have
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been the evolution of technologies to handle these materials and demand for compost
products. In some municipalities, there is a higher comfort level with composting in a
contained vessel or a bay-type system that is in a completely enclosed structure. The
availability of these technologies, and the accompanying refinement in controlling odors
from these types of systems, have helped to fuel the growth in projects. Research on
compost utilization has helped stimulate markets for biosolids compost, especially in the
horticultural and landscaping fields. And it is anticipated that demand for these kinds of
products will grow in the future. For example, research in Massachusetts with utilization
of biosolids compost in a manufactured topsoil shows significant potential for application
in landscape architecture projects, an end use that can require vast amounts of finished
product.

In terms of the future, growth in the number of biosolids composting projects is
expected to continue. Factors contributing to the increase include: 1) A high quality
biosolids compost can meet the U.S. Environmental Protection Agency’s Class A
standards, which give a wastewater treatment plant more flexibility in product distribution
and regulatory compliance; 2) Increasing pressure on land application programs due to
land development and public acceptance issues. As a result, wastewater treatment plants
will need to seek alternatives such as composting; 3) Growing demand for high quality
composts; and 4) Continual technology and operational improvements that result in more
project successes thus building confidence in composting as a viable management option.

There are several caveats that hamper the development of biosolids composting
projects. First, the economics are such that composting can be more costly than other
management alternatives, such as land application and landfilling. Second, there is
adequate landfill capacity available in many regions, and some treatment plants are taking
advantage of that option at this time. As a result, the bottom line with biosolids
composting is that we expect to continue seeing steady but not rapid growth in the number
of projects in the United States.

YARD TRIMMINGS COMPOSTING

BioCycle began tracking the number of yard trimmings composting sites in the United
States in 1989, as part of its annual State of Garbage in America survey. That first year,
the survey found 650 projects. In the 1997 State of Garbage survey (which provides data
for 1996), there were 3,260 yard trimmings composting sites, a slight drop of about 60
projects from the previous year (Goldstein, 1997).

A majority of the 3,000-plus sites are fairly low technology, smaller operations that are
municipally owned and operated. Typically, yard trimmings are composted in windrows.
Some of these smaller sites utilize compost turning equipment. Most, however, turn piles
with front end loaders. Many simply build windrows, turn them occasionally in the
beginning, and then let the piles sit for a number of months, moving material out only
when there is a need for more space at the site.

There are some sizable municipal operations that utilize upfront grinding equipment,
turners and screens. These sites tend to be managed more intensively because of the
higher throughput and thus the need to move finished compost off the site more quickly.
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There also is a healthy private sector that owns and operates yard trimmings composting
facilities. These sites also tend to be managed more aggressively because the owners rely
on income not only from tipping fees but also from product sales. While most of the larger
sites also compost in windrows, some have experienced odor problems (particularly from
grass clippings) and have started using aerated static piles in order to treat process air and
not disturb the piles during active composting.

State bans on the disposal of yard trimmings at landfills and incinerators were the
primary driver in the development of yard trimmings composting projects. There are 23
states with disposal bans; several bans only apply to leaves, or leaves and brush. Those
23 states represent 2,510 of the nation’s total number of yard trimmings projects, or 77
percent.

BioCycle does not foresee many more states passing bans, thus growth of projects in
the future will be driven more by localities trying to divert more green materials from
landfills in order to save capacity, or by market demand for composted soil products (and
thus the need for more feedstocks). Other possible drivers are the fact that yard trimmings
are easy to source separate and thus are accessible for diversion; they are a good fit with
biosolids composting; and most states’ regulations make it fairly simple to compost yard
trimmings, thus there aren’t many entry barriers.

In the future, there likely will be some consolidation of yard trimmings projects, as
was seen in the 1997 “State of Garbage in America Survey” (a drop of 56). Smaller
municipalities may opt to close their sites and contract with a private facility or a larger
municipal site in their region. Another trend will be that both public and private sector
facilities will start accepting other source separated feedstocks, particularly residuals from
institutional, commercial and industrial (ICI) generators. One yard trimmings site in Cedar
Rapids, IA, for example, takes paper mill sludge and a pharmaceutical residual. A
municipal site in Plano, TX, accepts vegetative trimmings from area grocery stores. A
large-scale private site in Seattle, WA, services commercial generators in its region.

MUNICIPAL SOLID WASTE COMPOSTING

Municipal solid waste (MSW) composting has been around in the United States for
decades. Projects were started almost 40 years ago, but closed with the advent of cheap
landfill space. There was a resurgence in MSW composting in the 1980s due to a number
of factors, including closure of substandard landfills in rural areas; rising tipping fees in
some regions as well as perceived decrease in landfill capacity; minimal development of
waste to energy facilities (due to cost and performance issues); a perceived natural “fit”
with the growing interest in recycling; the existence of technologies, primarily European,
so that projects didn’t have to start from scratch; flow control restrictions that could enable
projects to direct MSW to their facilities; and a potential revenue stream from tip fees and
product sales.

Solid waste composting in the U.S. emerged on two tracks during the 1980s. The first,
the mixed waste approach, involves bringing unsegregated loads of trash (in some cases
this includes the recyclables) and doing all separation at the facility, both through upfront
processing and/or back end product finishing. The second track, the source separated
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approach, relies on residents and other generators to separate out recyclables,
compostables and trash.

As can be seen in Table 2, interest in MSW composting grew rapidly in the late 1980s
and early 1990s. But what also is evident from Table 2 is that the number of operating
projects never grew very much. At the peak in 1992, there were 21 operating projects.
Today (1997), there are 14 operating facilities, with one in Georgia that is being repaired
after two different fires. There are 23 projects in some phase of development, with three
most likely to move to an operating status in the next several years (Goldstein, Farrell and
Steuteville, 1996).

Table 2. Solid waste composting project history®.

Year Operational Total

1985 1

1986 1 6
1987 3 18
1988 6 42
1989 7 75
1990 9 89
1991 18 n/a
1992 21 82
1993 17 n/a
1994 17 51
1995 17 44
1996 15 41

*Source: BioCycle Magazine Annual MSW Composting Surveys

Six of the 14 operating projects are under 20 tons/day. Five process between 21 and
50 tons/day of MSW, and two are between 51 tons and 100 tons/day. There is only one
facility handling more than 100 tons/day (the Sevierville, Tennessee plant, which
processes 225 to 250 tons/day of MSW and biosolids). Several large plants did open over
the past 10 years (one with a design capacity of 700 tons/day), but have since shut down.

Of the current operating projects, five use rotating drums and either windrows, aerated
windrows or aerated static piles for active composting and curing. Three use agitated bed
systems and six use only windrows, aerated windrows or aerated static piles. Five of the
operating plants receive source separated MSW; the remainder process a mixed waste
stream. Twelve of the operating facilities are publicly owned (some of these are privately
operated) and two are privately owned and operated. At this time, there are very few
vendors in the U.S. selling solid waste composting systems.

MSW COMPOSTING DRIVERS: PRESENT AND FUTURE

Ten years ago, many in the solid waste field felt there would be a landfill crisis in some
regions of the country, prompting a surge of interest in alternative management options.
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In addition, the federal Subtitle D regulations -- which went into effect in 1994 -- were
expected to force the closure of many substandard landfills, again putting pressure on
existing disposal capacity.

The expected landfill crisis never really materialized, at least on a national basis.
Landfills definitely closed -- from almost 8,000 in 1988 to about 3,000 in 1996. At the
same time, however, new state of the art mega-landfills opened, serving disposal needs on
aregional (versus a local) basis. When landfills closed in small towns, instead of building
small composting facilities, many communities opted instead to build solid waste transfer
stations and have waste hauled long distances for disposal. Today, there are more transfer
stations than landfills in the United States.

Tipping fees, which did start to rise in many places, never stayed high in most regions.
In fact, tipping fees are dropping in the U.S. The national average fell from $34/ton in
1995 to $32/ton in 1996, according to BioCycle’s State of Garbage in America survey.
And it is not anticipated they will go up significantly any time in the near future.

Solid waste composting projects also were hurt by a 1994 U.S. Supreme Court decision
that struck down flow control laws that gave government agencies the ability to direct the
waste stream to specific facilities. MSW flow into some composting plants dropped
considerably as haulers opted to transport garbage further distances to landfills with lower
tipping fees.

Other factors that stymied the development of MSW composting in the U.S. include:
generation of odors at some of the larger, higher visibility projects, leading to their
failures; inadequate capitalization to fix problems that caused odors and/or put in odor
control systems; production of a marginal compost product; and significant skepticism
about the technology due to the project failures.

In the future, there will be some development of MSW composting projects, perhaps
in areas where it is difficult to implement recycling programs (e.g. major tourist areas).
The application of the technology, however, will be very site specific. For example, there
may be a few communities that decide to increase diversion by getting households to
separate other organics beyond yard trimmings. Many towns, however, have opted to push
backyard composting of household organics instead of getting involved in centralized
collection.

Experience has shown that composting solid waste on a larger scale requires a lot of
capital, as well as deep financial pockets to address problems that arise once the facility
starts operating. Projects also need to be able to set tipping fees that are competitive with
landfills, which can be difficult when a project needs to make a sizable capital investment
in processing (upfront and product finishing) equipment.

FOOD RESIDUALS COMPOSTING

Perhaps the fastest growing segment of the U.S. composting industry is diversion of
institutional/commercial/industrial (ICI) organics, primarily food and food processing
residuals, including seafood. BioCycle began tracking data on this sector in 1995, when
there was a total of 58 projects. In 1997, the survey found 214 projects, close to a 270
percent growth rate in two years (Goldstein and Block, 1997).
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Of the 214 projects, 176 are fully operational and 22 are pilot or demonstration
projects. About 40 percent of the projects are on-site at institutions, e.g. correctional
facilities, universities, schools and hospitals. Sixty-four of the projects are commercial
sites that service ICI generators. Twenty-two of the projects listed in the 1997 survey are
on farms. The types of commercial and industrial generators serviced include grocery
stores, restaurants, produce terminals, food and seafood processors, breweries, etc.

The majority of the sites compost feedstocks in windrows; many use yard trimmings
as a bulking agent. Feedstocks include pre and postconsumer food residuals (e.g.
vegetative trimmings, kitchen prep and plate scrapings, baked goods, meats), out-of-date
or off-spec food products and industrial organics such as crab and mussel residuals and
brewery sludge. Only a handful of the facilities accept large amounts of food residuals
each year. The economics of food residuals composting projects have to be competitive
with disposal options because the generators typically deal with private haulers (and thus
know current disposal costs).

CONCLUSIONS

Composting serves as both a waste management method and a product manufacturer. As
such, a project can generate revenue streams on both the front end (tipping fees) and the
back end (product sales). Many companies got into composting mostly based on the
upfront revenue from tipping fees, and did not focus a lot of attention on producing a high
quality product to maximize sales. But with steady or dropping tipping fees, projects are
having to become more market driven and not tip fee driven. Successful companies and
operations are those with excellent marketing programs. They have invested in equipment
to service their markets, e.g. screens with various sizes to meet different end uses. In
short, they know their markets and know how to service them.

There also are exciting developments on the end use side. Composts are being used
increasingly not only for their nutrient value and ability to build soil organic matter but
also because of their ability to suppress plant diseases. There is an increase in agricultural
utilization of compost, and many states are developing procurement programs for compost
use on highways and for erosion control. Interesting projects also are developing in the
use of compost for bioremediation. In short, while composting will always be around as
a waste management option, it is becoming equally (and in some cases more) valuable as
a producer of organic soil amendments.

For the most part, major solid waste initiatives that might have a positive impact on the
development of composting projects are not expected. There may be some indirect
impacts, e.g., from increasing regulation of manure management, which may lead to more
composting on farms. But for the foreseeable future, growth in composting may be due
more to market demand for compost.
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ABSTRACT

Potential health effects as well as lack of compliance with existing regulatory requirements
are frequently raised as concerns when projects are proposed to recycle biosolids on
farmland used for the production of food crops for direct human consumption. These
concerns were a primary focus of the report, "Use of Reclaimed Water and Sludge in Food
Crop Production,” issued by the National Research Council of the National Academy
of Sciences in early 1996 (NRC, 1996).

The three-year study was undertaken to help answer some of the questions that have
been raised about the safety of crops grown in fields where treated municipal wastewater
effluent or biosolids have been applied. It provides an independent assessment of the risks
associated with these practices and provides recommendations for improving these
recycling practices and their acceptance. The committee that conducted the study based
its report on existing published literature and discussions with experts in the field. The
study reviewed the current state of the practice, public health concerns, existing guidelines
and regulations, and implementation issues. While the committee did not conduct a formal
risk assessment of possible health effects, it did review the methods and procedures used
by EPA in its extensive risk assessment which was the basis of the Part 503 rule.

The National Research Council (NRC) report confirms the basis of Federal policy that
properly treated and managed municipal wastewater effluents and biosolids can be safely
and effectively used in food crop production, while presenting negligible risk to the crops,
consumers, and the environment. To help address the persistent concerns regarding the
potential for exposure to contaminants, nuisance problems and adequacy of oversight of
programs involving agricultural use of biosolids, the report suggests that POTWs, private
processors, distributors, and applicators should not only comply with all regulatory
requirements and management practices, but also take extra steps to demonstrate such
compliance to various stakeholders (e.g., neighbors, farmers, food processors, and
consumers). It recommends full public participation, self-monitoring and reporting
programs, and public education campaigns. The study report suggests that it is especially
important that these public information efforts be continuing and detailed, as public
awareness that safe practices are in fact being followed is necessary if monitoring by state
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or local entities is likely to be minimal.

INTRODUCTION

In March 1996, the National Research Council (NRC), the operating arm of the National
Academy of Sciences, released the results of a study by an expert committee that reviewed
the current state-of-the-practice, public health concerns, existing guidelines and
regulations, and implementation issues associated with the use of reclaimed water and
biosolids in the production of food crops. The independent NRC assessment was
undertaken to help address the concerns that have been raised by food processors
regarding the utilization of these materials in the production of food crops. The study was
suggested by the U.S. Environmental Protection Agency (EPA) in 1993 and eventually
received funding support from EPA, U.S. Department of Agriculture (USDA), Food and
Drug Administration (FDA), U.S. Bureau of Reclamation, National Food Processors
Association (NFPA), National Water Research Institute, Water Environment Research
Foundation, Association of Metropolitan Sewerage Agencies, Eastern Municipal Water
District of California, Metropolitan Water Districts of California, BioGro Technologies,
and N-Viro International.

The fourteen-member study panel included experts in the areas of soil and crop
science, ecology, wastewater and sludge treatment, risk assessment, toxicology, infectious
disease, public health, economics, and environmental law. They represented a range of
perspectives from their positions in universities and agricultural extension, state public
health agencies, food companies, environmental advocacy groups, and publicly owned
treatment works (POTWs). The panel members included:

A.L. Page (Chairman), University of California-Riverside

A. Ayanaba, DelMonte Foods

M.S. Baram, Boston University

G.W. Barrett, University of Georgia-Athens

W.G. Boggess, Oregon State University

A. Chang, University of California-Riverside

R.C. Cooper, BioVir Labs & University of California-Berkeley
R. Dick, Cornell University

S.P. Graef, Western Carolina Regional Sewer Authority

T.E. Long, Washington State Department of Health

C. St.Hilaire, Hershey Foods Corporation

Joann Silverstein, University of Colorado-Boulder

Sara Clark Stuart, Environmental Defense Fund

P.E. Waggoner, Connecticut Agricultural Experiment Station

The primary focus for the NRC study report addresses questions about crop safety and
related food processors' concerns. As a part of this effort, the report reviews the current
state-of-the-practice (including potential public health concerns), existing guidelines and
regulations (including EPA's risk assessment associated with the Part 503 rule), and
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implementation issues. A summary of the study results published in Biocycle in February
1997 by the NRC staff Project Officer and Committee Chairman (Krauss and Page, 1997)
was drawn on extensively in preparing this paper.

BACKGROUND

Cropland application of both treated municipal effluents and biosolids represent important
management options to POTWs as the volumes of wastewater effluents and biosolids
continue to grow as POTWs service increasing populations (Figures 1 & 2). Concerns
expressed by the food processing industry over the acceptance of food crops grown on
fields amended with biosolids, or irrigated with reclaimed wastewater effluents, have in
some areas created a serious constraint to these practices on croplands that currently, or
may in the future, be used to grow food crops. When EPA first issued formal regulations
addressing land application of biosolids to cropland in 1979, some food processors
questioned the safety of food crops grown on biosolids-amended soils and were concerned
about potential liability problems. A joint statement of policy and guidance issued by
EPA, USDA and FDA in 1981 on the production of fruits and vegetables with biosolids
(EPA/USDA/FDA, 1981) did not adequately relieve their concerns. Since NFPA as well
as many other groups closely monitored the development of the risk-based Part 503
regulation (EPA, 1993), many interested parties hoped that the issuance of the new
regulation would help alleviate the food processors' concerns.

When, in lieu of providing advanced treatment for nutrient removal to protect sensitive
receiving waters from excess phosphorus loadings, a growing number of POTWs began
to seriously explore marketing treated effluents to farmers growing food crops in the
Pacific Northwest, similar concerns were raised by some local food processors over the
use of treated wastewater effluents to irrigate food crops. Although extensive use has been
made of reclaimed effluents to irrigate food crops in California (Figure 3) and Florida for
many years, concerns over the potential for consumer opposition to such practices caused
reluctance by some groups to accept planned projects involving the use of reclaimed
effluents to irrigate food crops. EPA updated its guidelines for water reuse in 1992 (EPA,
1992), which included recommendations regarding reclaimed water quality used for food
crop irrigation.

RESULTS AND DISCUSSION

The observations from experiences in the field where these practices were utilized, as well
as the results of extensive research efforts support the findings of the NRC study. Both
confirm the basis of Federal policy that properly treated and managed municipal
wastewater effluents and biosolids can be safely and effectively used in food crop
production, while presenting negligible risk to the crops, consumers and the environment.

Composted and heat dried biosolids have been widely used for many years as organic
soil amendments or fertilizer for various uses involving extensive direct human exposure --
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Figure 1. Increasing proportion of the U.S. population served by POTWs.

e.g., turf production and maintenance; landscaping; home gardens and lawns; parks, ball
fields and other recreation areas; potting soils and topsoil production, etc. -- including the
production of crops (such as citrus) for direct human consumption. These processes meet
the Part 503 "Class A" requirements i.e., they reduce pathogens to levels below detection
when using testing methods specified in the rule. In spiked samples, these processes have
been demonstrated to consistently achieve pathogen reduction rates comparable to
pasteurization, as have the other processes listed in the rule as Class A, or Process to
Further Reduce Pathogens (PFRP), or processes that have been demonstrated and
approved as equivalent to PFRP (e.g., heat treatment, autothermal thermphyllic aerobic
digestion, irradiation, high-level alkaline stabilization). Questions regarding the potential
for regrowth of fecal coliforms or Salmonella spp. in Class A products after processing
are also addressed by the Part 503 rule, which requires testing of these products prior to
their use or transfer to a user.

Biosolids treated to meet the Part 503 Class B requirements (< 2 x 10° fecal coliforms)
can and are also being applied to land used for the production of food crops (e.g., apples,
pears, cherries, sweet corn, small grains, etc.), grazing and turf production, as well as
where there will be direct public access. However, the use of Class B treated materials in
such areas also requires that specific waiting periods are met prior to allowing general
public access, animal grazing, or the harvesting of food crops that touch the ground
produced on such sites. These waiting periods allow for natural die-off of the pathogens
remaining after Class B processing to occur. The 1996 NRC Report found that the Part
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Figure 2. Biosolids use/disposal practices by EPA region.

503 rule appears to be adequate for the protection of the public from the transmission of
waste-associated pathogens, with two possible exceptions. The waiting period between the
application of Class B biosolids and animal grazing may not be adequate to prevent
transmission of beef tapeworm to grazing cattle, and the Salmonella test should not be
used as a sole indicator of Class A quality because the test, as currently prescribed, lacks
adequate sensitivity.

Irrigation of food crops with treated municipal effluents has been effectively and safely
practiced in the U.S. on a limited scale. The public has generally accepted the concept of
irrigation with reclaimed water as part of larger and more comprehensive water
conservation programs that reclaim wastewater for a variety of non-potable uses. When
reclaimed water has been used for food crop production, the state standards for wastewater
treatment and reuse, along with site restrictions and generally good system reliability, have
insured that food crops thus produced do not present a greater risk to the consumer than
do crops irrigated from conventional sources. Further, health effects studies addressing
the use of reclaimed water to augment potable water supplies indicate that the reclaimed
water is as good, if not a better, raw water source than supplies currently used in the study
areas.

While limited in number, epidemiological studies conducted in the U.S. on treatment
plant workers exposed to municipal wastewater or biosolids, or populations exposed to
treated biosolids land application projects, indicate that this exposure was not a significant
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risk factor. Considering the great many sources of infectious disease agents other than the
reuse of biosolids, such as prepared foods and person-to-person contact, the potential for
additional pathogen exposure from the proper use of biosolids is minimal compared to our
everyday exposure to pathogens from these other sources. Community-wide source
control and industrial pretreatment programs have resulted in significant reductions of
toxic pollutants in wastewater effluents and the biosolids produced by POTWs. Most of
the toxic organics and inorganic trace elements that may be present in treated biosolids are
either not transferred from soil to plant tissues, or, translocation to edible tissues does not
create levels harmful to consumers under normal agricultural conditions. Cadmium is still
considered to be the inorganic chemical of greatest concern with regards to human health
when treated biosolids are applied to croplands. Research on the bioavailability of toxic
organic compounds to plants indicates that the risk to humans consuming food crops
grown on soils amended with biosolids is negligible. Toxic organic compounds are
typically present at low concentrations and/or are largely not bioavailable to plants.

No human acute or chronic toxicity effects have been reported that resulted from
ingestion of food plants grown in soils amended with biosolids. Further, EPA's risk
assessment, which involved 14 exposure pathways, suggests that food safety is not likely
to be affected by the application of toxic organic or inorganic trace elements in biosolids.
The cumulative pollutant loadings determined to be safe, under the Part 503 risk
assessment (using the 14 exposure pathways), are significantly lower than the limits that
would be allowed by any of the three pathways which assess the production of human
crops on biosolids-amended soils. These three pathways are:

Pathway 1: biosolids—soil—>plant—~human
Pathway 4: biosolids—soil—>plant—>animal—human
Pathway 5: biosolid—soil—animal->human

This suggests that the "plant-soil barrier" will be an effective protection mechanism for
most pollutants, if present in biosolids that are applied to cropland.

Therefore, the Part 503 rule has a sound conceptual basis for protecting public health.
In terms of trace elements, biosolids that are applied according to the pollutant loading
rates specified in Part 503 should not adversely affect the safety of the nation's food
supply. Further, most toxic organic compounds found in biosolids are present at
concentrations well below those considered to pose a risk to human health or the
environment.

RECOMMENDATIONS

The NRC report makes numerous recommendations regarding the use of reclaimed water
and biosolids. These include:1) the general importance of using agronomic rates and
adjusting fertilizer practices to take credits for the nitrogen and phosphorus being applied
to avoid potential contamination of water resources; 2) any payment programs designed
to promote agricultural use should be carefully structured to avoid incentives to apply at
rates exceeding agronomic rates; 3) a more comprehensive survey (using consistent
sampling and data-reporting methods) of POTW:s is needed to better document whether
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or not toxic organic compounds are present in biosolids; and 4) Part 503 should be
amended to only allow EQ biosolids to be marketed to the general public so that further
regulation and management beyond the point of sale or give-away would not be necessary.

The NRC report notes that parties affected by biosolids reuse programs e.g. local
communities, crop growers, food processors and consumers - remain concerned about the
potential for exposure to contaminants, nuisance problems, liability and adequacy of
program management and oversight. To address these concerns, the report recommends
that POTWs take extra steps to demonstrate their compliance with all regulatory
requirements and their use of stringent management procedures that include such measures
as public participation in the decision making process, self-monitoring and reliable
reporting, and public education programs.

Reaction of the Food Processors

The NRC report has helped motivate some food processors to begin reexamining their
policies regarding the use of treated biosolids and reclaimed water in food crop production.
The Northwest Food Processors Association has formed a task force to reconsider their

position on the subject. Although the NFPA has not to date modified its official position

of not endorsing "the application of sludge to lands that may or will be used in the
production of foods for human consumption" (NFPA, 1993), the NFPA does not disagree

with the scientific findings of the NRC report which documents the negligible risk to
public health of applying properly treated and managed biosolids to food crops. Further,
NFPA has described the NRC report as providing a fair presentation of food processor

concerns, and that it should be very helpful in the decision-making process. Their reasons
for not changing their policy to date have to do with potential liability, marketing and
public perception.

CONCLUSIONS

The NRC report provides considerable reassurance that properly treated and managed
municipal wastewater effluents and biosolids can be safely and effectively used in food
crop production, while presenting negligible risk to crop quality or consumers. This report
also notes that public acceptance and implementation issues, rather than scientific
information or the health and safety risks from food consumption, may be the critical
factors in determining whether reclaimed wastewater effluents and biosolids are used in
food crop production. Clearly, the NRC report should prove useful in addressing many
of the concerns that continue to be raised about these practices. It also could effectively
be used to 1) support the development of tailor-made "designer" biosolids products to meet
specialty market uses, 2) encourage use of third party environmental management systems
that help ensure compliance with regulatory requirements and assure product quality
control, and 3) facilitate the establishment and maintenance of public education and
demonstration programs, as well as continue R&D on long-term effects.
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Copies of "Use of Reclaimed Water and Sludge in Food Crop Production" are
available from the National Academy Press, 2101 Constitution Avenue, N.W.,
Box 285, Washington, D.C. 20055 (Telephone: 800/624-6242)
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ABSTRACT

In Europe, legislation demands adherence to specific guidelines covering land-use, effluent
management, odour and transportation of wastes. Such factors may demand investment
in relatively sophisticated technology including adoption of enclosed systems for
composting which are broadly described. However, the market value of composted
material and financial pressure on businesses and the public sector means that such
investment may not be realistic. The concept of Best Available Techniques Not Entailing
Excessive Cost (BATNEEC) is described. If used by planning authorities, it can ensure
adoption of the best techniques to meet environmental guidelines while not putting at risk
the financial potential of business. A computer 'model' to help optimise investment is
described and can be used to predict the cost-benefit of different strategies. In the UK
economic factors are heavily influenced by the introduction of tax on landfill operations,
and an increase in the quantity of co-composted material is predict. This will have an
impact on the market and on the quality of material available to the horticultural industry.

Horticultural industry has readily adopted use of some co-composted materials,
particularly in the landscape industries. However, for high value sectors, such as bedding
plants and pot plants, adoption has been slow. This should be put in perspective by
comparing the enormous volume of research into peat-based growing media which has
taken place in past decades with the relatively small investment in research into sustainable
growing media such as co-composted materials.

INTRODUCTION

The term co-utilization implies beneficial integration of composted materials with other
products or commodities. Specifically, use in horticulture is often considered by
composters as a target market for composted products. This pre-supposes that horticulture
is one market. However, horticulturists use a wide range of products for which a number
of composted materials could be substituted. A lack of understanding of the range of
potential horticultural markets has led to failure of some compost businesses through
failure to properly target their products. Examples of horticultural uses of composted
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materials include: Pot plant production; bedding plant production; hardy ornamental (tree
and shrub) production; soilless growing media; soil amendment; mulching; tree planting;
and mushroom cultivation.

None of these uses are wholly novel. With the exception of mushroom cultivation, all
of the potential uses of composted materials have primarily relied on alternative materials.
Mushroom cultivation is exceptional, because composting and the microbial functions of
the compost mix are wholly integrated into the biochemical processes of the crop itself
(van Griensven, 1988). By contrast other uses generally demand relatively stable material
which will fulfill a purpose over the life of a crop or specific period of growth, such as the
establishment season of newly planted trees.

National initiatives such as the UK National Compost Development Association
(NCDA) and the Europe-wide Organic Reclamation and Composting Association (ORCA)
work to promote composting. While there has been considerable effort to develop
technology and to influence guidelines and legislation, less attention has been paid to use
of composted material. The principal motivator for the use of compost material has been
applied research, such as the work done by the Henry Doubleday Research Association
at Ryton, UK, and through the initiatives of the International Society for Horticultural
Science (ISHS).

In Europe, peat is the primary material used for the potential uses of composted
materials that was previously listed. Peat, an organic medium, is relatively stable and of
low plant-nutrient content. The use of peat-based growing media was shown by Bunt
(1976) to fulfil many of the needs of horticulturists. More than 30 years of research and
development has resulted in optimization of these materials in both physical and nutritional
terms, so peat use for horticulture is substantial. In the UK, use of horticultural peat is
approximately 2.7 million cubic metres per year (m® yr"). The five major horticultural
peat-consuming nations in Europe use c. 17.5 million m® yr"' compared to an estimated
3.75 millon m® yr'' in the USA (Bragg, 1990). A wide range of peat-grades are employed
in horticulture and no one substitute is possible (Bragg, 1990). The need for stability may
be taken to extremes in uses such as mulching, where plastic field or row covers are now
widely employed instead of biodegradable material.

Since the mid 1970s, the European horticultural industry has developed hydroponic
systems to use inert material for plant production. Such methods pursue the objectives of
controlling the chemical and physical plant root environment (Smith, 1996). The
biological growth effects within plant growing media were largely ignored, even in the
body of research in centres such as the Glasshouse Crops Research Institute, and has only
recently been studied significantly at institutes including the Horticulture Research
International (Anon, 1991-96). The objective of using peat or hydroponic systems as a
chemically and physically stable substrate, on which are imposed controlled levels of plant
nutrients, may be in contrast with the potentially higher biological activity and the potential
for degradability of composted materials (Hoitink and Keener, 1993).

The conflict that this perception generates is that industrial practice based on decades
of research is not widely applicable to use of composted materials. This does not
automatically imply that all composted materials are less good. Most composted materials
can grow plants as well as peat-based growing media, and other attributes exist such as
disease suppressiveness of composted growing media not known with peat products
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(Hoitink etal., 1996a,b) (Schauner, Personal Communication). Commercial horticulturists
have yet to see fully integrated research programmes develop these issues to a level where
commercial exploitation of composted growing media may be industry-wide. In a number
of situations, particularly where peat is not readily available locally, co-utilization of
composted material and peat may be recommended (Reis et al., In press, Raviv et al., In
press).

To enter into the competitive market, novel composted material must perform as well
as peat, be cost effective, show technical advantage such as suppressiveness, and comply
with current environmental legislation and expectations.

Sources of Compost Feedstock

The UK and Europe as a whole have a very wide range of potential feedstocks for
composting which include agricultural manures and plant waste. Estimated quantities are
approximately 2.5 U.S. billion tonnes per annum of organic matter of which food,
agricultural and forestry account for approximately 70% (De Bertoldi et al., 1996).
Storage and disposal of manures is governed by legislation preventing application directly
to land under conditions which may cause pollution (Ministry of Agriculture Fisheries and
Food, 1993). Consequently, temporary storage may be necessary. In some cases
composting could be used as a volume reduction process potentially to provide feedstock
to larger composting ventures. However, many farms are relatively small, and seasonal
housing/pasture management may result in an interrupted supply of compostable manure
wastes. Similarly seasonal may be the production of straw. Excess straw was traditionally
burnt in-situ, but in the UK this practice is now restricted (Ministry of Agriculture
Fisheries and Food, 1992b) making straw widely available as a compost ingredient.

A number of industrial processes generate waste which could be used as feedstock for
composting as well. In many cases, industrial production of biodegradable wastes is
intermittent and of relatively small quantities. Material that is highly putrescible should be
used as soon as possible. Examples include food wastes (Sinclair, 1996) and
bioreactor/biosolid wastes (Hall et al., 1992; Szmidt, In press a; Szmidt and Bryden, 1996;
Szmidt and Smith, 1996). In such case co-utilization of wastes (mixing highly putrescible
materials with more stable wastes) may have the benefits of improved stability and
predictability of compost mixes and improved uniformity of larger volumes in production.

The scientific literature shows required compost parameters, for instance C:N ratio,
moisture content and physical structure (Jackson et al., 1992, Lopez-Real and Vere, 1992).
However, selecting blends of material which are known to satisfy such criteria may not be
easy. Some authors have attempted by tabulating suitable mixes to simplify choices for
blending of agricultural by-products for composting (Jeangille, 1991). By contrast there
is no easily available 'ready-reckoner' for co-utilization compost recipes. Public
information about the wide range of modern industrial by-products is simply insufficient
to select blends of material from published lists. In the UK, suppliers must be able on
demand to specify the nature and hazard potential of any product or waste, so that compost
site. operators.can be knowledgeable about the characteristics of current materials (Anon,
1974, 1994).

While inert material is not usually appropriate as a compost feedstock, there are some
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exceptions. Providing there is no negative consequence of incorporation, composting may
be a suitable disposal route. Wood chips are resilient and may be considered in this
category as they may be little changed during the composting process but can be helpful
in regard to air-porosity of material. Other inert material in this category includes sand and
grit but, care should be taken as air-porosity may be reduced (Bunt, 1976).

Of particular interest is rockdust fines (less than 200 mesh) the use of which has been
advocated by some proponents of organic agriculture and horticulture. Hamaker (1982)
proposed that such materials could have a major impact on soil fertility and crop
productivity if utilized with compost, to greatly improve soil quality. However, a review
of the literature for the use of rockdusts either alone or as a co-utilization component with
compost revealed little scientific evidence to support the claims of this technique (Webster,
1995). This literature review was followed by preliminary experimental work which has,
for the first time, revealed the potential value of rockdust as a component of compost for
improving quality of the end-product, increasing the microbial activity of material, and
reducing the odour pollution potential of composted material (Szmidt, In press b).

The use of rockdust demonstrates a paradox in developing improved composted
materials. In order to enter material into modern agri-business, product development must
be based on robust scientific development and understanding. In many cases quasi-organic
materials have a history of unsupported claims and benefits which cannot be proven in
practice, or which work under some circumstances but not under others. Until the full
reasons for such differences are understood, many such materials will remain on the
fringes of commercial horticulture and agri-business.

In addition to calculating the correct physical and chemical balance, further
understanding is needed about the pollution potential of industrial wastes (The Scottish
Office of Agriculture, Environment, and Fisheries Department, 1997). In addition,
compost plant operators should not be complacent regarding the microbial hazards
associated with industrial organic by-products (Hoitink and Keener, 1993).

European Legislation

Significant legislation and standards now exist relevant to compost operators and their
products. In the European Community (EC), legislation is superior to that of Member
States. A number of authors have reviewed the legislative requirements of the EC
(Fontaine, 1995, Kent, 1996) and their legislative documentation is readily available.
Outside Europe a common misconception is that the EC relates principally to free trade
and political aspirations. However, the Maastricht Treaty (Office for Official Publications
of the European Communities, 1992) sets out the principles, not only for trade and
economic development, but also policy initiatives such as protection of the environment
and agriculture, whereas the way in which Member States implement legislation may vary
within the EC. Within the Maastricht Treaty (Office for Official Publication of the
European Communities, 1992) Title XVI Environment, Article 130R states "Community
policy on the environment shall contribute to pursuit of the following objectives:

s Preserving; protecting and improving the quality of the environment;
* Protecting human health;
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* Prudent and rational utilisation of natural resources; and
* Promoting measures at an international level to deal with regional or worldwide
environmental problems.

Subsidiarity, the concept of derogating responsibility for interpretation and enactment
of legislation on a local basis, allows for implementation of legislation in different ways
in different areas of the EC. In the case of co-utilization, this can result in different
prioritization of related areas such as organic-matter recycling by composting. An example
would be setting recycling or waste reduction targets where different Member States may
address different industrial sectors to achieve the required reduction. For instance, the
Proposed Directive on Landfill of Waste: COM(97)105 Article 5 states that: "By 2010
biodegradable municipal waste going to landfills must be reduced by 25% of the total
amount (by weight) of biodegradable municipal waste produced in 1993". Furthermore,
Draft Council Resolution COM(96)399 states "the need for promoting waste recovery with
a view to reducing quantity of waste and saving natural resources, in particular by re-use,
recycling, composting and recovery of energy from waste".

In the UK this is being done by the generation of national and regional strategies such
as the Draft National Waste Strategy: Scotland (Unpublished). Implementation of this
strategy is encouraged by legal obligation such as the Environment Protection Act (1990)
(Anon, 1990b) or by encouragement. An example of the latter is implementation of tax
on landfill at different rates for inactive (inert) and other (including biodegradable)
material, which in 1997 were £2 ($3) and £7 ($11) per tonne, respectively (HM Customs
and Excise, 1996). Of this, tax credit up to 90% of project costs, amounting to no more
than 20% of the contributors landfill tax bill may be allocated, not to the Exchequer, but
to environmentally related projects, including compost research and development. The
broad principles of project eligibility are as follows:

* Reclamation, remediation, restoration or any other operation that facilitates the
economic, social or environmental use of land where its use has been prevented or
restricted because of previous use.

* Any operation intended to prevent or reduce any potential for pollution or to
remedy or mitigate the effects of any pollution on land polluted by a previous
activity.

» Research and development, education or collection and dissemination of
information about waste management practices. The purpose of which is to
encourage the use of more sustainable waste management practices.

*  Where it is for the protection of the environment, the provision, maintenance or
improvement of a public park or other public amenity in the vicinity of a landfill
site.

«  Where it is for the protection of the environment, the maintenance, repair or
restoration of a building or other structure which is a place of religious worship or
of historic or architectural interest.

» The provision of financial, administration and other similar services to enrolled
environmental bodies.

In the UK the most significant pollution control and environmental protection
legislation is the Environmental Protection Act (1990), which sets out fundamental UK
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policy, and is enacted through Regulations, as "sub sets" of the parent Act (Anon, 1991a).
Regulations may then be changed and implemented with relatively little debate. This
process gives an element of flexibility, adapting to political changes or scientific
knowledge. In many cases, the Regulations are further supported by Guidance Notes
which indicate the way in which the Regulations should be met in order to meet the
Requirements of the Act.

Such Guidance Notes are specific to industry sectors (Department of the Environment,
1997a). While such Guidance Notes are not in themselves part of the Law, failure to
adhere to such guidance may result in the absence of any "due diligence" defence in the
case of a charge under the parent Act. Furthermore, general industry sectors may have
access to Codes of Practice which are based on information within Guidance Notes. Such
Codes of Practice also may form the basis of "due diligence" strategy. With particular
regard to composting and co-utilization in the UK, Codes of Practice exist for the
protection of air (Ministry of Agriculture Fisheries and Food, 1992b), water (Ministry of
Agriculture Fisheries and Food, 1991) and soil (Ministry of Agriculture Fisheries and
Food, 1993). In Scotland a general Code of Practice also covers all three of these elements
(The Scottish Office of Agriculture, Environment, and Fisheries Department, 1997).

Within this framework of Law, coupled with policy and acceptable methods of
operation, is enshrined the concept of Best Available Techniques Not Entailing Excessive
Cost (BATNEEC). This concept facilitates negotiation, particularly where pollution may
be caused, which satisfies the requirements of the Codes of Practice, Guidance Notes and
ultimately the Act of Law. At the same time, the needs of business to minimise costs,
particularly capital, is accepted. In this way, an initial plan for sites such as a compost
facility may be negotiated during the early stages of the application process. The chosen
design for the facility can conform as high a level of sophistication as possible providing
that the requirements imposed by the planning authority are not so onerous as to prevent
successful business development. Nonetheless, if an operation is established following
a planning procedure that adheres to the BATNEEC principle and ultimately pollutes or
causes problems which are covered by the legislation such as the Environmental Protection
Act (1990), the parent legislation takes precedence, and the site operators may be
challenged in Law. This negotiating stance, to arrive at a facility design and modus
operandi which meets the requirements of the Law at minimum cost, is in stark contrast
to the trend in some other EC Member States. For instance, in The Netherlands and
Germany, compost plants are typically approved only on the basis of best available
technology, irrespective of location, environmental issues or financial constraints. This
essentially results in the closing of facilities in all but a few cases (Lemmes, Personal
Communication).

With regard to quality of compost, a number of standards apply in Europe. Atthe time
of this writing, no single guideline exists for compost quality. As an example, Table 1
shows differences in allowable levels of heavy metals and physical criteria in three
countries. A proposed pan-European standard for soil improvers and growing media is
currently being developed by Comité Européan de Normalisation (CEN) (Gabriels, In
press, Verdonck, In press). CEN Standard 223 "Soil Improvers and Growing Media" is
unlikely to be published before 1999. Some sections are available as drafts for public
comment, covering:
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* Labelling requirements

* A safety technical report
* Sampling methodology
* Quantity determination
* Analytical methods

The standard will set a number of criteria which will have to be displayed on each
container of product. In the UK the development of this standard is being monitored by
British Standards Institute (BSI) Technical Committee AW/20 Topsoil and Other Growing
Media who have set up 'shadow' working groups to contribute to the development of the
CEN standard (Smith C, Personal Communication). In the absence of a specific standard,
guidelines for use of peat, where applicable, tend to be followed (British Standards
Institute, 1990). Co-ordination is sought not only in compost quality but how laboratories
measure relevant parameters (Willumsen, 1988; Gabriels, 1995). Indications are that there
will not be a ready agreement and no deadline is set.

Table 1. Examples of compost standards for metal concentrations and quality

criteria.

Elements Belgium The Netherlands ~ Germany

mg/kg DM

Zn 300 200 400

Pb 120 65 100

Cr 70 50 100

Cu 90 25 75

Ni 20 20 50

Hg 1 0,2 1

Cd 1,5 0,7 1

Parameters Unit Belgium The Germany

Netherlands

PH vater - 6,5-8,5 8.1 -

Dry Matter (DM) % >55% > 65 % >55%

Organic Matter % > 16 % DM >20 % DM > 40 % DM (F)
> 20 % DM (M)

Impurities % <0,5% <0,5% <0,5%

Stones % <2% <3% <5%

Maturity - NOs/NH,>4  temp.<40°C  “Rottegrad” 2-3 (F)

4-5 (M)

Process Options

In the UK, horticulture and agriculture are diverse industries with substantial numbers of
relatively small farms. In most cases waste management has, until recently, been on a ad
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hoc basis. Waste management planning is now a requirement prior to the awarding of any
grants related to farm investment and must be part of any planning application for farm
structural development (The Scottish Office of Agriculture, Environment, and Fisheries
Department, 1997, ¢). This means that closer attention is now given to the pollution
potential and the market potential for agricultural waste products. Nonetheless, because
of the relatively small scale of most operations, on-farm waste management tends to centre
on short-term storage of materials prior to disposal off site or by direct application to land.
In all but a few cases, animal slurries and manures are direct applied by tractor-drawn
spreader, irrigators and rain guns or, less frequently, by sub-surface injection.

Implementation of the landfill tax has meant that farmers are considering importing
organic material to carry out on-farm composting followed by application to land. The
way in which this may operate is that the farmer charges the supplier a fee which is less
than the equivalent landfill tax, providing that the material can be safely applied to land.
Because of the inclement weather in most of the UK, a predictable timetable for land
application is impossible. This may necessitate on-farm composting as a controlled
method of short to medium term storage of biodegradable materials prior to land
application. Non-agricultural material may only be applied to land if it can be shown to
have either no deleterious effects or, preferably, positive effects in terms of soil fertility.
Materials other than biodegradable wastes may fall into this category.

Technology for compost production has been described by Lopez-Real and Vere
(1992), Stentiford (1992, 1993) and De Bertoldi et al. (1996). As an underlying principle,
the higher the capital investment, the shorter the composting period may be as well as the
potential for control of end-product quality. Conversely, low capital investment projects
may produce compost which is variable and is produced on a difficult to determine
timetable. For horticultural markets, where there is a requirement for composted material
having particular attributes, relatively high-investment systems are preferred. For
relatively low technology uses or those where the quality of material is less important, low-
investment composting processes may be acceptable. Examples are in the production of
agricultural-grade or landscape-grade materials. In regard to agricultural-use, compost
application to land may be a part of the overall fertilizer strategy. As such, the nutrient
content of composted materials should be known before land application, and the balance
of nutrients applied as fertiliser, up to the level desired by the farmer or permissible under
appropriate regulations.

With respect to landscape use, nutrient content of the compost may not be relevant and
the aesthetic appearance and freedom from weed seeds, pests, and disease are more
significant. Providing that these basic criteria are met, the production process is not of
particular concern to either the composter or the user. In such cases, simple windrow
composting may be employed. Windrows may be turned by a fore-end tractor loader with
the aeration strategy of the site being as much a part of logistics movement of material to
the delivery point, as it is a part of the process control. Self-propelled turners are
preferable but may only be cost-effective on a relatively large scale. Quality control
should include regular temperature monitoring and controlling the turning of windrows
according to temperature profile of the material bulk. Final product grading may or may
not be done, unless material is sold to end-user. In some cases, windrow composting is
simply done to achieve volume reduction prior to landfilling, or is done to produce
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material for blending with soils suitable for capping of landfill sites. In such cases grading
may be an unnecessary cost. Designs also exist for small scale on-farm compost drums
(Malkki and Klemola, In press), although in the UK these are seldom used.

Where material is available in large quantities, high capital investment may be justified
to produce uniform compost for sale. A recent European example is in the site at Faenza
(I) (Papi etal., 1996) where mixed agro-industrial wastes are co-composted in open-topped
bins with a travelling aerator. This runs on rails between neighbouring bins and can be
moved between bins using overhead gantries. Bins are aerated from underneath and have
fan systems operating independently along the length of the bin, in order to avoid 'hot
spots' or cool zones.

Where poor grade material from any of these systems is applied to high value cropping
land, problems may result. An example would be the carry-over of pests or disease such
as clubroot (Plasmodiophora brassicae), a pathogen of brassicas, e.g. cabbages, of
worldwide importance. Like a number of plant pathogens, this fungus produces robust
resting spores. Such spores and other infective agents may be very difficult to kill during
composting (Bollen, 1993, Bollen et al., 1989, Avgelis and Manios, 1992). With regard
to yard waste compost (botanical waste), this consideration of plant pests and diseases is
significant but does not pose a health risk to operators or product users.

In the case of other materials, particularly with animal wastes and food wastes, such
feedstock can be a source of potential human pathogens. For such material it is essential
that the composting process should be designed to maximize the pasteurization of the
material en bloc. This can only be achieved with full containment. Such systems were
first developed for the mushroom industry (Vedder, 1978). In order to achieve process
control and uniform pasteurization, batch composting was developed whereby material
may be loaded to square-section rooms with sub-floor forced ventilation.

Lack of eveness together with compaction of material can contribute to the occurrence
of 'hot spots', consequently, facility design must include choice of loading and feedstock
transportation and blending. In enclosed systems, ventilation is typically from the
pressurized base area through the compost to the space above, from which it can be ducted
to recirculate to the sub-floor area and to the compost. Fresh air may be blended with
recirculated air and excess exhausted. Because all compost is treated concurrently,
pasteurization can be absolute. Furthermore the degree of control is greater than for
outdoor or bin systems because the number of control points is generally higher. As
exhaust air is focused, odour control for tunnel systems, such as acid-wash or biofilters
(Lindberg, 1996), may be more efficient than for other methods, including aerated bins
where air from entire buildings may have to be treated (Table 2). Complex interaction
means that computer monitoring and control is required and is standard for tunnel
composting in the European mushroom industry.

While material known to be hazardous to health is best handled by destructive means
such as incineration, other products, particularly agricultural materials, have the potential
to become hazardous unless correctly handled. This is particularly important in terms of
food poisoning organisms (Hall et al., 1992) such as Escherisia coli, particularly strain
0157 (Pennington, 1997), Salmonella sp. and Listeria (Robinson et al., 1992). At the time
of this writing, no evidence of potential carry over of Spongiform encephalopathies
through animal wastes exists. In turn no information is available regarding efficacy of
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Table 2: Typical control points for tunnel compost systems.

Temperature Inlet air
Exhaust air
Recirculated air
Compost mass
Humidity Recirculated air
Inlet air
Gas profile Recirculated air Carbon dioxide
Oxygen
Ammonia
Odour control Exhaust air Ammonia

Sulphurous compounds
Volatile organic carbons

composting as a part of any future disease minimisation strategy. The situation is complex
(Aguzzi and Weissmann, 1996), and a long-term review, research and development
strategy to pre-empt such concerns or misinformed judgement is needed.

Process Implementation

Operators must choose from the complex range of process options to generate intended
product by selecting from the range of feedstocks locally available. Major decisions on
capital investment may be required. Because large compost operations are typically site-
specific, readily comparing a number of standard facility designs is not possible.
Consideration needs to be given to the decision route by which investment is finally made.
A basic structure for such decision making is presented in Figure 1. This may be modified
to take account of local issues.

When the basic choice of composting system has been made, further decisions need
to be made to determine scale of operation. Because compost production is site and
capital specific, traditional gross margin analysis of costings may not apply. A holistic
approach isrequired. External factors, such as transport logistics and seasonality (Szmidt,
1994) may influence costing of compost operations. These should be taken into account
in any model. Figure 2 shows a basic structure for a costing model and, as with system
options, this may be modified to take into account local issues. Such a structure can then
be employed in an interactive spreadsheet-based costing model used as decision support
for site design. Such computer-based models can then be used by advisers and consultants
to independently verify opinions on land requirements and budget costs that machinery and
facility suppliers may offer.

Co-utilization of composted material encompasses a blending of feedstocks to the
compost manufacturer and blending of such material with other land-applied material. The
relationship between supply and demand lends itself to examination of logistics using
Geographic Information Systems (GIS) (Mather, 1994; Boels et al., 1994). This new area
of study remains to be fully exploited but may be a useful tool in helping maximise
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resource use and benefit.
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ABSTRACT

Composting is a treatment process that requires time, knowledge, experience, equipment
and effort. The benefits of establishing a composting process must be balanced against
some of the drawbacks of the process and the product. Organic by-products or residuals
that are difficult to store, apply to fields uniformly, are unstable or nonuniform are good
candidates for composting. Manures, biosolids and food processing residuals are
produced daily but often cannot be used on a daily basis and, therefore, must be stored
periodically. Composting transforms manures for example to a drier, more uniform and
biologically stable product with many uses other than just land application. Composted
manures as such have a greater value than untreated manures to the farmer or feedlot
owner. Nonuniform materials such as yard trimmings are transformed by degradation and
mixing during composting into homogeneous organic mulch. Wet materials such as
biosolids become drier as composts and are therefore more easily land applied.
By-products that contain human or plant pathogens are safer after the high temperature
treatment of composting. Compost products generally have a higher carbon to nitrogen
ratio than the original by-product and therefore act as a slow release fertilizer.

Drawbacks of composting by-products are cost for site preparation and equipment, the
lengthy treatment period, targeting final use of compost product, and environmental issues
such as odors and dust. Some investment in equipment and site preparation is required or
recommended. Composting is not a rapid stabilization process and, depending upon
technique, could take several weeks to achieve stable compost. Determination of a suitable
market for the compost is critical to justify the extra effort in producing compost.
Composting is a biological process that can result in significant odor generation if not
managed properly. The slow release nature of nutrients in compost requires higher
application rates than the original by-product to obtain the same plant response. Higher
application rates require more material and more trips across the field than with the
original by-product.

Knowing the benefits of composting and composts and its drawbacks provide the
generator of by-products a better estimate of cost versus return for starting a composting
process. Environmental regulations may govern the ultimate treatment and beneficial use
of by-products. The proper selection of by-products to cocompost or use with composts
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can result in value-added products that can be marketed a great distance from their source.

INTRODUCTION

American industries, farms and cities are generating over one billion tons of by-products
each year. Several industries have organic by-products that can be a valuable resource
when utilized effectively. Simultaneously, agriculture is facing a challenge in developing
sustainable farming practices. Sustainable farming practices are characterized as plant and
animal production practices that satisfy human food and fiber needs while preserving or
enhancing environmental quality and the resource base. A sustainable society, economy
or industrial practice may be defined similarly, that is, provide the needs of the nation, but
preserve or enhance the environment and resources. To use an agriculture example,
confined animal production systems produce 27 million tons of manure solids annually and
the nitrogen value of these by-products is equal to the N fertilizer use in the US annually.
To substitute these manures for a portion of the inorganic fertilizer would reduce the need
for natural gas in fertilizer production and, concomitantly, provide a use for the organic
by-product.

Manures cannot be used readily except on the farm because of their physical nature.
Treating manures to become more biologically stable and drier material expands the uses
for manures. Composting is one treatment process that transforms manures or other
organic residues into materials with greater utility and value. Other treatment possibilities
for organic by-products are heat drying and alkaline stabilization (Millner et al., 1997).
Treatment of organic by-products by composting requires additional effort which must be
balanced against the benefits of the process and the final product. An understanding of
benefits and drawbacks provides the necessary information for making the correct decision
of whether to compost or not.

Material Handling Characteristics of Composts - Benefits and Drawbacks

Composting is a treatment process that reduces the moisture content of organic
by-products. Thermophilic temperatures attained in composting masses lead to
evaporative cooling which changes water from a liquid state to a vapor (Haug, 1980).
With significant air diffusion, forced aeration or agitation, moisture evaporates from the
mass. Composting of 30 tons of biosolids by the aerated, static pile method resulted in
19000 liter water loss (Sikora et al., 1981). This volume includes the water generated
during the biological breakdown of organic matter. Benefits of a drier organic material are
numerous. Compost has lower bulk density, is easier to mix and is more uniform than wet,
uncomposted material. Biosolids compost has half the bulk density of uncomposted
biosolids (Sikora et al., 1981). Dry material can be screened efficiently to produce
additional by-products having different characteristics. Biosolids compost that passed a
Imm screen had an N mineralization rate three times greater than the material that was
greater than than 6 mm (Tester etal., 1979). Composts can be screened to recover bulking
materials for reuse (On Farm Composting Handbook, 1992)
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Composts are more stable or less biologically active than uncomposted material.
Therefore composts can be stored with lower potential of odor generation than
uncomposted materials. ~ Stabilized and mature composts can be bagged while
uncomposted organic materials cannot be bagged without potential heating or odor
generation. An exception is mechanically dried organic materials.

Effort that includes compost process training, time to conduct composting and
procurement of equipment necessary to successfully transform organic materials to
composts is required. Training is available at several compost schools and certification
tests for compost operators are available nationwide. Equipment to compost can range
from a modest front end loader to mix, build and turn piles to sophisticated mixing
machines and compost turners that cost hundreds of thousands of dollars (On Farm
Composting Handbook, 1992). Time is required to thoroughly mix organic materials to
compost efficiently, to turn piles when needed and to monitor the progress of composting.
Therefore, composting of organic material to produce a drier, more stable product requires
investment in equipment and time that must be considered when deciding whether to treat
organic materials by the composting process.

Slow Release Nutrient Quality of Composts - Benefits and Drawbacks

Organic by-products are amended with a carbon source before composting to achieve a
desirable C:N ratio of 30-35 :1. The resulting compost has the majority of its N in the
organic form and the rate of release of mineral N from the organic form is generally less
than the original organic material. O'Keefe et al. (1986) found that composted biosolids
had halfthe mineralization rate of the uncomposted biosolids. Mattingly (1956) found that
the nitrification rates of 18 different composts were 9.3 to 10.6 % of the total nitrogen after
13 weeks. Inorganic N released from composted manures ranged from 11 to 29 % and
included inorganic N initially present (two to twelve percent), soluble organic N ( one to
five percent) and mineralization of insoluble organic N ( approximately 10 %) (Hadas and
Portnoy, 1994). Low mineralization rates characterize composts as slow release fertilizers
that are desirable in several instances. Research has long pursued methods to slow the
nitrification step or the transformation of ammonium to nitrate in soils for plants to utilize
the N fertilizer before it leaches through the soil profile (Hauck, 1980). By slowing the
ammonification step or transformation of organic N to ammonium, composts are
accomplishing the same goal. Yakovchenko et al. (1996) determined that organic sources
of N (manures or legumes) were more efficiently taken up by crops than commercial
fertilizer. An additional benefit of compost amendments is that the organic N that is not
mineralized in the year of application is "stored" in the soil and will mineralize in future
cropping seasons. The quality of soils under high intensity agricultural practices is
declining and the renewal of the organic matter content is one goal in sustainable
agricultural practices.

Slow or low mineralizing composts can be a drawback in satisfying the N requirement
of crops because large amendments will be necessary. From 40 to 100 Mg ha™ are
required to satisfy the N requirement of corn (Hornick et al., 1994). The volume of
compost required to provide adequate N may require several application trips across the
field. Volumes required to satisfy N needs of crops may not be available when needed and
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storage of large volumes near the application site may not be possible. Large applications
may cause secondary effects such as excessive salt concentrations in soil (Sims et al.,
1994, Chaney et al., 1980). If compost applications are based on N to minimize nitrate
losses from the soil, an excess of phosphorus is added. Manures, biosolids and their
composts have N:P ratios from 3:1 to 1:1 while the N:P requirement for grain crops is
eight (White and Collins, 1982). Most importantly, the addition of non-nutrient compost
constituents such as heavy metals to soils may result in an unacceptable accumulation that
would reduce the value of the land for safe production of food (Leita and DeNobili, 1991).
Several countries regulate annual and maximum accumulations of trace metals that result
in application rates of composts below that of the N requirement of the crop (DeBertoldi
et al., 1990). Blending low amendment rates of composts with fertilizers is suggested as
an alternative practice to alleviate problems with high compost application rates (Sikora
etal., 1997).

Biodegradation Qualities of Composting Process- Benefit

Composting is an active biological process that degrades organic compounds. High
temperatures found in composting result in appearance of thermophilic microorganisms
that may be more efficient in biodegradation of certain organics than mesophiles. Forty-
seven percent of 2, 4-dichlorophenoxyacetic acid (2, 4-D) was degraded during
composting of yard wastes (Michel et al., 1995). Soils contaminated with explosives were
remediated through use of compost technology (Kaplan and Kaplan, 1982). Zinc
bacitracin was degraded during composting of chicken manure (Vogtmann et al., 1978).
Degradation of polyethylene in starch-based polyethylene plastic bags degraded during
municipal trash composting (Johnson et al., 1993) High temperatures of composting and
the type of plastic bag were more significant factors than microbial action during
composting. Several studies report improved degradation of xenobiotics in soils amended
with composts (Duah-Yentumi and Kuwatsuka, 1980, Laine and Jorgensen, 1996, Bellinck
and Mayandon, 1983). Composting will lead to degradation of availiable C compounds but
whether it is more efficient than degradation at ambient temperature is debatable. Extent
of degradation of pentachloronitrophenol in a manure-straw mixture by composting and
incubations conducted at 25 C were equal (Sikora et al., 1982). Carbaryl added to yard
trimmings degraded more rapidly when the mixture was incubated at 25 C than when
composted (Racke and Frink, 1989). In general, composting will successively degrade a
variety of organic compounds when the guidelines for proper aeration, moisture, and C:N
ratio for mixtures are followed.

Odor Generation Potential From Composting Organic Residues - Drawbacks and
Benefits

Odor generation from composting operations and their effect on surrounding neighbors
is probably the single most cited reason for the closing of composting operations.
Inadequate control of composting procedures is most often the main reason for excessive
odor. Excessive moisture in piles leading to reduced oxygen content results in anaerobic
conditions and production of reduced sulfur compounds, short chained acids and ammonia.
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Ammonia volatilization can be reduced with adjustment of C:N ratios of materials prior
to composting. In addition to controlling composting conditions, air from compost piles
can be scrubbed with odor filter piles. Generally, high organic matter materials such as
peat or mulch, or a biologically active material such as screened compost reduce odors in
exhaust gases from aerated piles. Chemical scrubbers are also efficient in removing odors.

Standing liquids at compost facilities can result in odors and therefore compost sites
designed to direct liquids, either condensate or precipitation, away from compost piles are
less likely to be cited for excessive odors. Condensate from the composting of biosolids
contained a large percentage of the ammonia lost from the mixture ( Sikora and Sowers,
1985).

Manures and biosolids contain odorous compounds and if not processed properly
(treated, land applied or heat dried), significant odor generation can result. Composting
as abiological process will breakdown odorous compounds in organic materials. Aerobic
biological activity that occurs during composting will degrade several of these compounds
and, if the compost process is conducted properly, net odor generation from composting
organic materials will be significantly less than from organic material with no treatment.

Reduction of Plant and Human Pathogens - Benefit

A significant benefit derived from composting is sustained high temperatures that kill
human pathogens in organic by-products. Burge et al. (1981) showed convincingly that
55 C temperatures for three consecutive days significantly reduced the f2 virus (an
indicator organism for human pathogens) during the composting of biosolids. United
States EPA and most state environmental agencies have used these data to develop
guidelines to ensure "further reduction of pathogens" in organic by-products, Some
nations require more strict time-temperature relationships than others and guidelines differ
whether the process is in static pile or in windrows (Farrell, 1993). As effective as
composting is in reducing human pathogen numbers, assuring that composts will not be
reinoculated by precompost materials is critical. Regrowth of Samonella in finished
compost was limited, probably due to because competition for nutrients between
saprophytic microorganisms and pathogens (Burge et al., 1987).

High temperatures in composting also reduce plant pathogen populations that may be
in the organic by-products. Composting temperatures (> 35 C) are sufficient to severely
inhibit the growth and reproduction of plant pathogens (Allen et al., 1983: Cooney and
Emerson, 1968). Composting therefore allows spent materials from greenhouses to be
reused for growing horticultural crops and straw from grain crops affected by disease to
be reused on the same land after composting.

Considerable data suggest that composts reduce plant pathogen populations and
disease significantly in pot studies. Millner et al. (1982) demonstrated that biosolids
compost reduced the disease severity on some vegetables but had no effect on others
(Table 1). Composts differ as to effectiveness of suppression of disease. Ringer et al.
(1997) determined that diary manure compost was equal or slightly better than steer
manure compost which was equal to or slightly better than poultry manure compost in
potting studies that examine suppression of damping-off disease. Compost age did not
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have an effect on disease suppression, similar to data recorded by Hoitink and Grebus
(1994). Craft and Nelson (1996) point to microbial activity of compost and compost
amended soils as a possible reason for disease suppresion. Ringer et al. (1997) had less
disease suppression when composts were autoclaved. These beneficial properties of
composts make them candidates to replace chemicals such as methyl bromide that
currently are used to provide protection to plants but are mandated for replacement in the
near future.

Table 1. Effect of ten percent biosolids compost amendment on diseases by eight soilborne
pathogens as determined in greenhouse pot assays (from Millner et al., 1982).

Pathogen Host Disease Severity(%)*
unamended compost amended

Aphanomyces euteiches pea 43 3
Rhizoctonia solani bean 63 25
Scerotinia minor lettuce 84 33
Phytophthora capsici pepper 97 55
Phytium ultimum pea 39 68
Fusarium solani pea 33 40

? based on root rot severity (0-100%) for Aphanomyces, Rhizoctonia, and
Fusarium, and on diseased plant for Sclerotinia and Pythium.

Aerosols from Composting Operations - Potential Drawback

Compost operations include mixing and turning of materials that contribute aerosols to the
atmosphere (Millner, 1995). The frequency of disturbance or turning of compost piles and
the moisture content will effect the emission rate. Contents of aerosols are fugitive dust
particles, microbial spores, and gases. Effect of dust particles generated during
composting have not been addressed specifically in studies of aerosols. Airborne
ammonium nitrate particles contribute to particulate matter less than 10 uM (PM,,) from
poultry manure application (Moore et al., 1997). Distance microbial spores such as
Aspergillus fumigatus travel from composting facilities and its effect on nearby residents
is an important concern when locating a facility. Data show that dispersion of microbial
spores within the boundaries of the site could be substantial and workers at the site need
to be screened for sensitivities to allergens. Depending on factors such as meteorological
conditions and barriers or buffers around the site, data show that impact on surrounding
populations is minimal (Millner et al., 1995). Composting operations will generate
aerosols and the extent will depend on frequency of material handling. Static pile
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composting or passive aeration composting would generate less aerosols than windrow
composting. Aerosol generation and dispersion are important, but do not effect the
decision to compost. Only the compost technique and location of compost site are
affected.

Most composts are highly acceptable products to the public, but when considering
composting as a treatment process, careful evaluation of uses or markets for the final
product must be included in the decision process. Composts have physical and chemical
properties that make them highly suitable amendments for nursery, landscape and home
garden markets. However, consideration of competing materials in these markets, distance
to markets and necessary quality control during production of final compost should be
realized. Number of yard debris compost facilities is increasing and, even though the
compost has desirable qualities for landscape markets, wholesale prices seldom are greater
than $10 per cubic meter. To obtain a greater return, composts may be blended with other
ingredients before or after processing to obtain a value-added product (Korcak, 1997).

CONCLUSIONS

Composting is a treatment process that results in a drier, more biologically stable and
easier to apply to land than the original uncomposted material. The effort of composting
material must result in equal or better benefits than the original product in order for the
process of composting to be worth the effort. Regulations may necessitate using
composting as a treatment process. In order for biosolids to be used by the general public,
treatment like composting is necessary to further reduce pathogens. If regulations do not
require composting of the organic residue, choosing composting is based on economics
more than any other factor. Benefits to composting are the physical nature and biological
stability of the final product, the slow release of nitrogen fertilizer from composts, and the
reduced plant and human pathogen content. The drawbacks are cost of equipment, time
and training required to compost efficiently, the high application rate of compost necessary
to satisfy the N requirement of crops, the aerosols generated during the composting, and
locating a market to sell the final product.
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INTRODUCTION

Compost... The word sends up images of "earthy richness", "back to nature", and
sustainability. Contaminants... This word does just the opposite -- leaving us with images
of barren soil, and health and environmental problems. Yet, compounds/elements
considered to be contaminants are often naturally occurring, and therefore, compost cannot
exist without some concentration of contaminants. As a "compost community" we have
attempted to define levels of comfort in the amounts or concentrations of different
contaminants in composts by developing compost standards. Yet, acceptable levels of
contaminants mean different things to different people.

In Washington State, recycling is reportedly at a higher level than anywhere else in the
nation, and very successful programs exist for recycling organic residuals. Last year King
County (Seattle area) and their creative partnerships won five national awards for their
biosolids management programs. Pierce County (Tacoma area) owns a yard trimmings
compost facility, which is considered one of the best in the nation. Biosolids compost has
been produced, successfully marketed, and highly accepted in suburban Seattle for over
20 years.

However, no mixed solid waste (MSW) compost facilities exist. In fact two Northwest
attempts, with high capital input, have recently failed. This has been due partially to
operational difficulties (odors), but also to an aversion to both encourage MSW
composting and to the use of MSW compost. The perception of highly dangerous
contaminants are associated with some composts. Why does this attitude persist? How
do typical approaches to setting compost standards address this attitude? This paper will
present an alternate approach to developing compost standards, and important
considerations for their development.

ACCEPTABLE LEVELS OF CONTAMINANTS

First, one must define what "acceptable levels" of contaminants means. As a technical
79
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definition, an element, or compound, isn't a contaminant until it is at a level that causes a
detrimental effect. One might even extend that to "contributes" to a detrimental effect,
suggesting that cumulative additions of an element/compound could eventually result in
a detrimental effect. The term "green" has been applied to composts in which the
feedstock is source separated and felt to have a low potential for contamination; yard
trimmings and food waste are two examples that are often considered green composts.
From a strictly technical viewpoint, we consider any compost which is not "contaminated"
to be "green", using the technical definition of a contaminant. This diversity of opinions
of what contamination means is reflected in approaches to standards supposedly based on
environmental protection. Examples of these are:

o The "zerotolerance" philosophy promoted by some environmental activists, where
there is no acceptable level of compounds/contaminants that should be allowed in
a compost.

e The community in which recycling is a religion (an "end", rather than a means to
an "end"), tending to heavily support the feedstock approach, suggesting that
combining waste materials increases contamination, i.e., MSW composting.

e - A portion of the regulatory community (especially in Europe and Canada) supports
the concept of allowing no compost with concentrations of compounds greater than
background soils levels. Others regulators simply adopt the lowest standards they
can find -- then add their own factor of safety to "be conservative".

¢ Industry, combining concerns for the economics of being able to meet standards yet
find markets for their product, are interested in formulating standards that
encourage acceptance of their product.

However, in the case of most composts, it is difficult to conceive of a compost with
high enough concentrations of specific elements/compounds to be classified as
contaminated. So, how are standards set on a technical basis that have any relevance to
the composts currently being produced? For instance, extensive plant evaluations of a
highly metal salts-laden compost concluded that, in most cases, neither application rate or
contaminant concentrations caused phytotoxicity, growth reduction, or even increased
metal concentrations in plants (Henry et al. 1993). It is our conclusion that, with normal
practices, it is hard to chemically contaminate a compost to the extent that it will have
detrimental effects on human health and the environment. Thus, we believe tailoring
compost standards is not necessarily a technical endeavor.

CONSIDERATIONS FOR COMPOST STANDARDS

There are a wide range of possible uses for compost. Some examples are: agriculture,
silviculture, surface mine reclamation, topsoil mix, use in landscaping, retail sales
(gardening stores), golf courses, parks, athletic fields, sod production, wholesale container
nurseries, and landfill cover. It has always been easy to use analytical parameters (e.g.,
trace metal concentrations) as the sole driver of compost standards for any of these uses.
Yet, even though composts made from different feedstocks may vary in concentrations of



Tailoring Compost Standards 81

certain parameters, there normally will be little or no significance to the environment
because the concentrations of all normal composts are far below critical levels (Epstein et
al., 1992). Rather than simply technical quality, we see perception and corresponding
education about compost quality essential components of setting compost standards, with
common considerations to include:

¢ who the user is
¢ potential end use/market niche
e what the compost does

As examples of the importance placed on these considerations, three of the major uses
of compost in Washington State are described. They include: topsoil manufacture,
landscaping, and restoration.

Topsoil Manufacture

Criteria important for topsoil manufacture center around what the compost does for the
manufacturer, than what it does for the end user. Manufactured soils normally consist of
mined mineral subsoil (sands, silts and clays), with little organic matter or nutrients.
Compost additions (often at 10-20% by volume) provide varying amounts of these (in
some cases, composts immobilize nutrients rather than provide them), in addition to
increasing moisture holding capacity and water drainage characteristics. Perception and
education are essential for acceptance of compost as a substitute for peat or sawdust.

In this case the manufactured soil will primarily be used to top dress soil disturbed by
construction. A large portion of the product will subsequently be planted with grass, or
planted with shrubbery and then covered with a mulch. Since the compost used in this
case is mixed with mineral soil, ultimate users of the manufactured soil may often be
unaware of compost component. Also, any concentrations of compounds will be greatly
diluted, and have little environmental significance. Important criteria for compost
standards include compost look (lack of physical contaminants), and maturity (lack of odor
and lack of occurrence of mushrooms).

Use in Landscaping

Compost used in landscaping may be as a soil amendment or a mulch. It will be purchased
either in bulk or as a bagged product, and used directly by the purchaser. Thus,
appearance and smell are primary concerns. First, however, is perception and education
as to its use - that the compost has beneficial soil amendment properties, and that it is safe
to use (low constituents of concern; metals and pathogens). Lastly, the compost must have
consistency; the compost will produce predictable results when used.

Restoration Ecology

Another use of compost is as a soil amendment in restoration ecology projects.
Restoration projects have the added attractiveness that they encourage volunteer public
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participation. Two excellent examples of these are the use of compost in Washington's
Mountains to Sound Greenway logging road restoration program along Interstate 90, and
the City of Everett's use of compost for constructed wetlands. In both cases, acceptance
of compost use was a direct result of education and a change of perception by the public
and political and environmental leaders. First, health considerations were addressed, then
the beneficial effects were demonstrated. Since the volunteers were in direct contact with
the compost, compost appearance and smell were very important. Demonstration projects
showed results that were highly visible.

THE NEW PARADIGM TO TAILORING COMPOST STANDARDS

As pointed out in the preceding section, we are finding that the relative importance of
analytical parameters has decreased as we learn more about the lack of detrimental effects
of normal composts. This awareness is intimately linked to a new paradigm in
management of organic residuals. The new management style incorporates a recycling
philosophy rather than a disposal mentality and requires new roles for the public, the
regulator, the manager, and the scientist. Correspondingly, a "New Work Place" exists.

Development of the New Management Style

The recycling ethic is well established in many parts of the world now. As part of this
trend, or on its own merit, all organic residuals management is dramatically changing.
Most residuals managers embrace the concept of recycling, either for its intrinsic,
economic or environmental benefits; recycling has become part of their vocabulary.
Managers wanting a successful recycling program acknowledge that there are new rules
of the game. These can be compiled, figuratively, into a "New Book of Residuals
Management" that incorporates many new concepts into both the technical and social
issues of their use.

The change taking place in organics management in the compost industry seems to be
following and learning from that which is occurring in the biosolids industry. This tale of
change is reflected in the titles of the popular annual biosolids conferences put on by the
Northwest Biosolids Management Association (NBMA) in Washington State. The first
two conferences (1989 and 1990) were introductory to the whole concept of "sludge", as
a whole host of challenges were facing managers. In 1991 public opposition to beneficial
use of biosolids was considerable, and the theme was In Whose Backyard. In 1992
managers were paying attention to the public’s concerns about contaminants and Sludge
Quality dominated the conference. ‘

However, biosolids management was about to take a big evolutionary step. New
regulations suggested the preferred and potentially the most environmentally sound
alternative for biosolids management was reuse. This encouraged the NBMA to become
proactive. A _certain_excitement was born, and pride in programs surfaced. The
conference in 1993 was titled Entering a New Era -- a theme that now appears right on
target. In 1994 education was targeted as a key -- Conveying the Message. In 1995 the
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strength of biosolids management was recognized in The Biosolids Trilogy: Quality,
Collaboration, Perception. ~ There has been a heralded level of success in biosolids
recycling projects in the Northwest, thanks to the public information and collaborative
project management techniques advocated by NBMA members. Yet, the organization
realizes that the big challenge is now to continue successful, quality programs into the
future; 1996’s conference theme was A Bridge to Sustainability.

The "New Book of Residuals Management" has a distinctive look: cooperation/
collaboration, confidence, acceptance, and opportunities, all based on science and solid
technical ground. The major change that has taken place is active cooperation and
collaboration between all players in residuals management: managers, scientists,
regulators, the public and environmental groups. Although they may not always agree on
the details of implementation, all of these groups embrace recycling and support reuse as
a preferred alternative. There is also confidence that recycling has technical merit,
economic viability, and environmental compatibility. This confidence is largely based on
a significant body of scientific research, that has established the credibility of
management alternatives. Because of the success of key programs, public acceptance has
reached an all-time high. All of these factors create new and expanded opportunities for
recycling projects and partnerships.

To reach this point of success, managers found that traditional roles were not always
sufficient; the public has high expectations of managers, scientists, and regulators. The
public expects responsiveness to their concerns, thorough research, and regulations that
provide long-term protection of the environment and safety for humans and animals. The
status quo behavior and assurances from professionals are not adequate for many citizens.
These pressures have redefined many of the comfortable traditional roles and thrust us into
different approaches as well as consensus making. Our challenge, then, is to embrace
these changes, and to readily adapt to new roles for the regulator, the manager, and the
scientist. Our new roles and behaviors have created a "New Work Place".

The New Public

In the recent past, neighbors often posted their own signs around proposed biosolids
application sites ~~ signs such as "No Stinking Sludge" or "Sludge Not Lest Ye Be
Sludged." Individual citizens as well as environmental groups had a "zero tolerance" for
land application of sludge. Many of these proposed sites had to be abandoned, for the
citizens were well versed in political action and knew how to create controversy and how
to win support from their elected representatives.

The public’s involvement in environmental and technical issues continued to grow.
As "sludge" became "biosolids" and "disposal and beneficial use" became "recycling",
many members of the public began to reassess their positions on this subject. The
research and risk assessments used in the development of new federal guidelines were a
welcome source of information to those interested in the fate of contaminants. The zero
tolerance philosophy eased and productive discussions followed.

Today some citizens’ groups actually initiate biosolids programs, realizing that
biosolids managers and conservationists can share environmental goals. In the Seattle
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area, the Mountains to Sound Greenway Trust, a local conservation organization, after
much independent investigation, decided that biosolids could be used to maintain thriving
commercial forests on the outskirts of the city. The Trust took the lead in developing and
negotiating a 50-year agreement between the King County Wastewater Treatment
Division, the state Department of Natural Resources, the University of Washington, and
the Weyerhaeuser Company. In Toronto, Ontario, the Public Committee for Safe Sewage
Treatment has been relentless in investigating and promoting land application of biosolids
as an alternative to the city’s incinerators.

The New Regulator

The 70s and 80s brought regulators to the forefront on environmental issues. Their task
was to clean up the mess - polluted rivers, smokestacks and hazardous waste dumps!
Many regulations were developed under the philosophy that "the more conservative, the
better". In some cases it seemed as though regulators were trying to out-do each other by
setting lower limits without regard for actual risk assessment. Although those who were
regulated by such arbitrary restrictions were frustrated, regulation in general, under the
Clean Water Act and others, did much to improve severe pollution problems in lakes and
streams.

With certain residuals, such as biosolids, overly restrictive regulations produced little
measurable environmental benefit and the marginal improvements did not justify the costs,
both economic and net environmental. US EPA was taken to task during review of the
proposed federal biosolids regulation, 40 CFR 503 (US EPA 1993) by scientists and
managers, for among other things, inappropriately using the results of metal salt studies
to determine metal limits in biosolids. EPA listened to the criticism and revised their rule
to be consistent with the best available science and risk assessment modeling. This
precedent resulted in a remarkable change in EPA’s approach towards setting regulations.
EPA staff were able to explain regulations by using scientific data that provided the basis
for them.

EPA’s new science-based approach resulted not only in a sound technical basis for
regulations, but in strong support by scientists and managers. Now, the "New Regulator"
starts working with their constituents from the start, relying on scientists for technical
support. The new regulator is continually challenged to develop sound regulations that are
also viable solutions.

The New Manager

Many of today’s biosolids programs began 15 to 20 years ago. It was not easy then for
a biosolids manager to convince a skeptical public that a sludge application program was
a good thing, particularly if it was within sight or smell of passers-by. Usually the
manager was in the position of selling the public on a plan that had already been carefully
crafted by consultants and technical staff. The public perceived —— correctly —- that the
manager had little interest in their input: "This is safe and has been studied extensively.
It's the best option and we’ve already looked at all the alternatives." Not surprisingly, this



Tailoring Compost Standards 85

type of "public information" was the downfall of many technically sound, economical
projects.

Our Canadian colleagues in the NBMA refer to the public process as public
"consultation." This term is more descriptive of the behavior required from the New
Manager. The project manager can usually identify the individuals and the groups who
will be protective of the application site. For example, the first biosolids application in
state-owned forests in Washington was planned for a multi-purpose forest that was heavily
used by hikers and mountain bikers. The forest’s Citizen Advisory Group was consulted
about planned application. One of the members, fiercely protective of the forest, wanted
to review in detail all the planning documents. Because of his life-long familiarity with
the forest, he was able to point out a spring immediately downslope of the unit that would
make an ideal monitoring site. It was a much better plan than that suggested by the project
manager! Throughout the project, the citizen visited the operation, took photographs and
offered constructive comments.

Although it may be a difficult paradigm shift, the wise new manager solicits advice and
opinions from those outside the organic residuals world. Not only does the biosolids
project manager need to consult with interested citizen groups and neighbors, but he needs
to build alliances with all those who share his environmental goals. The "New Manager"
sustains public confidence by listening and responding to citizens, collaborating and
building consensus among the public, his agency, scientists, and regulators.

The New Scientist

In the past, science played an important, but seemingly separate, role in residuals
management. Scientists conducted their "statistically designed", "replicated" experiments,
but few understood the scientific jargon of the results. Science was not contributing to the
development of reasonable regulations or to public understanding of residuals. Scientists
were viewed as impartial evaluators in their ivory towers dealing with largely esoteric
scientific truths, but speaking an incomprehensible language. Occasionally the relevance
of research and presentations was low to meaningless.

Reduction of funding opportunities, and the fact that society now values -- and supports
-- only that which has meaning to them, has required research to move towards applied and
relevant projects. The public is not only critical of what they spend their money on, but
demands that they learn what they paid for.

With the 503's, a "New Scientist" emerged: one that not only investigated questions,
but put the answers to use in developing the technical basis for regulations. Additionally,
the "New Scientist"” was asked to explain and defend these regulations. Today, scientists
must know how to talk to the public, how to handle an interview, what "sound bites" are,
and occasionally admit they don't know everything. In the "New Book of Residuals
Management", scientists are*** needed for their knowledge and- credibility, and to work
in conjunction with regulators and managers to develop guidelines. Thus, scientists need
to explain and support their work. In most cases this means that scientists become
advocates for recycling and application programs because their research reaffirms the
benefits and safety of residuals use.
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The New Work Place

Similar to a cycle in nature, we find the "New Work Place" to be a pool of people
resources with interactions that might resemble Figure 1.
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Figure 1. The "New Work Place" conceptually can be a pool of people resources with many interactions,

objectives and endpoints.

There are some important dynamics of this workplace as paraphrased from Wheatley
(1995). The first is the flow of information. Am I getting the right information at the right
time? Are others? What are the barriers to good information flow? The second has to do
with relationships in the work place. There are both formal and real relationships. What
roles do each play and are they acknowledged? What are the conflicts in the relationships,
and how can they be best made effective? The third dynamic aspect is the vision of the
work place. Is it a shared vision, and does it give the members a sense of purpose? All
of these are pertinent to the dynamics within the "New Work Place".

Wheatley (1995) goes on to describe new science principles that also speak directly to
how we approach our new roles in biosolids management. She suggests a shift: 1) From
looking at the parts to looking at the whole, 2) to understanding processes, rather than
structures, and 3) to understanding that the universe is a web of relationships that are
constantly changing and growing. | New roles for all of us involved in residuals
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management have to be taken to heart and matched with a look towards the future.

SUMMARY

Tailoring compost standards to targeted uses encompasses a whole range of emerging
philosophies. The first is a definition of what "contaminants" are, and what constitutes
acceptable levels of these contaminants. Setting standards based solely on the traditional
approaches of easily measured constituents/compounds may ignore the most important
considerations.

Perception and corresponding education about compost quality sets the base for
developing standards. Standards can then be constructed around the important
considerations of:

o who the user is
» potential end use/market niche
o what the compost does

rather than simply contaminants. This approach suggests a new paradigm to residuals
management, which builds upon the "New Work Place" and new roles for all the "pools"
of people resources. It includes a pathway for establishing or continuing our level of
quality by redefining our interactions, objectives and endpoints.

Tailoring standards in the compost and residuals industry will need new approaches.
For today's residuals players, success will go to those who are willing to adapt to the
rapidly changing rules of play, because, as Wheatley (1995) says, "When things are stable,
you're closest to death".
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ABSTRACT

Increasing the consumer value of organic wastes through co-utilization or mixing is
directly related to organic carbon (C) and nitrogen (N) mineralization when the mixture
is used as a soil amendment. The objective of this study was to put forward a protocol
that can be used to estimate the behavior of a mixture of biosolids and composts in a co-
utilization program from the perspective of decomposability and release of plant available
nitrogen (PAN) over time. Published literature suggested that the components of such
mixtures would decompose in similar manner whether alone or in combination, and that
net N immobilization characteristics of components with high C:N ratios could be
overcome. Using the proper ratio of the components was essential to the development of
a soil amendment which was more valuable than its components. Three mixtures for co-
utilization of organic wastes were assessed using the computer simulation model,
DECOMPOSITION. Municipal biosolids was mixed with paper mill sludge, leaf litter,
and municipal solid waste (MSW) compost. Weather at Baltimore, MD, was selected for
these simulations, with mixtures being applied in April. In each case a ratio was found to
make a product with good N availability, but each mixture was sufficiently decomposable
to limit its ability to increase soil organic matter (OM). The organic wastes most resistant
to decomposition, very stable composts, were evaluated for potential to increase soil
organic matter. Simulation of very stable compost decomposition showed that they would
increase soil organic matter if applied annually for an extended period. These composts
were also a good source of PAN after several years of application to soil.

INTRODUCTION

Co-utilization can be defined as “the combination of two or more organic by-products that
are either composted, blended, or blended after composting to produce a value-added
product which can be beneficially utilized to solve an agricultural problem, remediate soils
and/or fulfill a market niche” (R.F. Korcak, Personal Communication, 1997). Increasing
the consumer value through co-utilization or mixing organic wastes is directly related to
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organic carbon (C) and nitrogen (N) mineralization, when the mixture is used as a soil
amendment.

The decomposability of the mixture determines whether or not long-term increases in
soil organic matter can be achieved, while the plant available N (PAN) in the mixture
affects its use as a N fertilizer. The key is predicting the relationships among
decomposition and net N mineralization, when mixtures of organic wastes are applied to
a site with a given set of soil and climatic conditions.

Figure 1 presents a stylized depiction of these relationships. The area labeled
Increased Soil OM shows that organic wastes resistant to decomposition increase soil
organic matter irrespective of C:N ratio. Composts and other organic by-products, such
as paper mill sludges which have been stored for extended periods, are examples. As
decomposability increases, the potential to markedly increase soil organic matter is lost at
the point where the end products of decomposition equal soil organic matter losses (Sikora
et al., 1996).
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During composting and decomposition (aerobic or anaerobic), the C:N ratio of an
organic waste will tend to stabilize near a value of 15 (Blackmer and Green, 1995; Henry
and Harrison, 1996; Moorhead et al., 1987). This occurs because net C mineralization
generally exceeds net N mineralization at higher C:N ratios, and any inorganic N present
in the system will be immobilized (e.g. Zibilske, 1987). Thus, a C:N ratio of about 15 can
be used to separate organic by-products into two groups. As organic by-product
decomposability increases and the C:N ratio increases above 15, the potential for N
deficiency due to N immobilization increases as shown in the area labeled N Deficiency
in Figure 1. Organic by-products with C:N ratios of about 15 or less can supply sufficient
PAN to a crop at higher rates of decomposition and/or lower C:N ratios as shown in the
area labeled N Sufficiency. Tester et al. (1979) illustrated this concept using differing size
fractions of the same composted biosolids (municipal sewage sludge) which had different
C:Nratios. Each size fraction had a similar amount of decomposition (7.4 to 8.0%), yet
net N mineralization increased by a factor of four as the C:N ratio declined from 18.6 to
10.4

Climate and site factors (soil, crop, management) modify the potential of organic by-
products to increase soil organic matter or provide PAN to a crop by altering the
decomposition rate of the organic by-products (Gilmour et al., 1977; Sikora et al., 1996).
Predicting how an organic by-product mixture will perform must take into account these
features and site characteristics, if performance under different conditions is to be
estimated.

The objective of this study was to put forward a protocol that can be used to estimate
the behavior of a mixture of biosolids and composts in a co-utilization program from the
perspective of decomposability and release of PAN over time.

MATERIALS AND METHODS
Laboratory Studies

Three laboratory studies were conducted. The details of each can be found in the
Appendix. Study I where paper mill sludge, dairy manure and the combination were
evaluated for decomposition and net N mineralization will be discussed below, while
Studies II and III are included for analytical and first order kinetic data (Appendix Table
1) that became part of the data set used in computer simulations below.

Description of the Computer Model

The computer model, DECOMPOSITION, is amechanistic model that uses decomposition
kinetics to estimate rates of C and N transfer among pools. A flow diagram of the C and
N pathways is presented in Figure 2. The amount of C transferred frem one pool to
another was estimated by first order kinetics as shown below,

C,=C,, xe*" (1]
where C,., was the amount of C at the start|of a day, C, was the amount of C in a pool at
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the start of the next day, k was the first order rate constant and t was the time step, which
was one day. The difference between C, , and C, was the CO,-C produced.

In the case of the organic waste pool, rapid and slow fraction rate constants were used
during the decomposition of the rapid and slow phases, respectively. When sufficient N
was present, biomass was created using microbial efficiency, E, described by Eq. 2 below,

E = biomass-C/(biomass-C + CO,-C) [2]

where biomass-C was the new microbial cells in Figure 2 and CO,-C was estimated using
Eq. 1. If sufficient N was not present in the organic waste pool plus the inorganic N pool
to make the amount of biomass estimated from Eq. 2, E was decreased and a new, smaller
amount of biomass was created. If E =0, no biomass was created during that day. The
initial indigenous biomass pool size was estimated using an equation presented by Insam
(1990) which related the ratio of soil biomass to soil organic C, using the ratio of
precipitation to evaporation for the location in question. The C:N ratio of both biomass
pools (i.e. new microbial cells and indigenous microbial cells) was set to 8 in these
calculations (Gilmour et al., 1985).

If the C:N ratio of the organic waste was >15, no organic N in the waste was
mineralized or used in the efficiency calculations, and if inorganic N was available, that
N was immobilized. For organic wastes with C:N <15, N mineralized was equal to the
C decomposed divided by the organic waste C:N ratio. Only decomposition (C loss)
occurred for organic wastes with higher C:N ratios which lowered the C:N ratio of these
organic wastes as decomposition proceeded. Each time step, E was reset to 0.4.

Biomass created above was distributed among biomass pools as follows (Gilmour et
al., 1985): 90% to the new biomass pool, 10% to the indigenous biomass. In turn, 15%
of the addition to the new biomass pool was moved to the soil OM I pool which was
assigned a C:N ratio of 10 (Gilmour et al., 1985). Organic C in the two biomass pools and
the soil OM I pool subsequently decomposed according to Eq. 1.

Several studies have presented rate constant values for decomposition of various
biomass pools. Molina et al. (1990) reported a rate constant of 0.33 d' for a labile
biomass pool (56% of total biomass) and 0.04 d' for a resistant biomass pool in the
computer model, NCSOIL. Paul and Van Veen (1978) concluded the value for the
biomass pool was 0.01 d'. In both of these models, the rate constants appear to
correspond to the new biomass pool in Figure 1. Gilmour et al. (1985) used a new
biomass pool rate constant was 0.07 d! in an earlier version of DECOMPOSITION. An
intermediate value (0.035 d"' ) that has provided good simulations of laboratory data by the
author was used in this version of the computer model for the new biomass pool.

Ladd etal. (1981) reported that the rate constant for indigenous biomass decomposition
was 0.00047 d' for the period one to four years after addition of a plant residue to soil.
Jenkinson and Raynor (1977) presented data (their Table 5) that was used to compute a
biomass rate constant of 0.00093 d' for one to four years after application of several
organic soil amendments. The value of Jenkinson and Raynor (1977) was chosen for the
indigenous biomass pool.

Initial soil organic matter was equally divided among the soil OM I and soil OM II
pools (Paul and Van Veen, 1978). Soil OM II was considered stable for the simulation
periods used here. Decomposition of the soil OM I pool was described using the rate
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Figure 2. Flow diagram for C and N among various pools used in the computer model DECOMPOSITION.

constant for the physically protected portion of soil OM (0.00020 d™' ) presented by Paul
and Van Veen (1978). This value is much smaller than the value for the resistant humad
pool (0.0065 d") used in NCSOIL (Molina et al., 1990).

Allrate constants were corrected for land application site temperature and soil moisture
status by multiplying rate constants obtained under optimum soil temperature (25°C) and
moisture by the factors presented in Figures 3a and 3b. The temperature factor, TF, was
computed for temperatures above 10°C using a modified form of the Arrhenius Equation
shown below,

TF = e-A x (T - 1/298) [3]
where A was estimated for a given Q,, and reference temperature (A = 5820°K for Q,, =
2 and T, .= 298°K) and T was soil temperature in °K. A linear decline in TF was assumed
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from 10 to 0°C. Mean monthly air temperature from National Oceanographic and
Atmospheric Administration (NOAA) literature for a weather station nearest the land
application site was used to estimate soil temperature.
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Figure 3. Temperature () and soil water (b) correction factor relationships used to adjust first order rate
constants for land application site climate.

Soil water moisture correction used a monthly water balance on the 0 to 15 cm soil
depth with initial water content set at a water potential of -33 kPa for a given soil texture
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(Figure 3b). Monthly rainfall was an addition to this soil moisture level, while 80% of pan
evaporation (an estimate of evapotranspiration) was a subtraction. Mean monthly
precipitation and pan evaporation from NOAA literature for a weather station nearest the
land application site were used in the water balance calculations. When pan evaporation
data were absent, monthly pan evaporation was plotted versus monthly temperature to
estimate missing values. The soil moisture content was then related to a soil moisture
potential using water release curves typical of sandy loam, silt loam or clay soils (see insert
in Figure 3b from Hanks and Ashcroft, 1980). Soils were not allowed to become wetter
than -33 kPa or drier than -1,000 kPa. The soil water potential was then used to compute
the water factor, WF, using an equation presented by Sommers et al. (1980) as shown

below, WF = -0.164 log,, (-0s/1000)+ 0 .871 [4]
where Y is the soil water potential in kPa. A silt loam texture was used in the simulations
described below.

Computer Simulations
Table 1 presents mean analytical data and first order kinetic parameters obtained by

summarizing data presented in Appendix Table 1. Each of these organic wastes was
considered a candidate for co-utilization. To select components of mixtures, the organic

Table 1. Mean analytical data and first order kinetic parameters used in computer simulations.

Organic Waste Organic C Organic N CN Inorganic N
gkg' gkg' mg kg'!

Paper Mill Sludge 275 7.7 357 -
Municipal Biosolid 273 35.6 7.7 22,800
Leaf Litter 451 10.6 425 -
Compost -stable 182 12.1 15.0 -
MSW Compost 213 12 17.8 -
Compost - very stable 221 21.8 10.1 -

Sequential Decomposition Model Parameter®

k, k, Rapid Fraction

d! d! %
Paper Mill Sludge 0.019 0.006 48
Municipal Biosolid 0.025 0.0029 28
Leaf Litter --- 0.0029 ---
Compost-stable - 0.0026 ---
MSW Compost --- --- ---
Compost - very stable --- 0.00048 ==

*k, and k are the rapid and slow fraction rate constants, respectively, while % Rapid Fraction is the
amount of organic C undergoing decomposition using first order kinetics and k, as the rate constant;
100% minus; % Rapid-Fractionsis;the;amount.of organic C undergoing decomposition using first
order kinetics and k; as the rate constant.
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wastes in Table 1 were classified relative to decomposability and impact on soil N status.
Decomposability followed the order: paper mill sludge ~ municipal biosolids > leaf litter
~ stable compost > very stable compost. Relative potential to cause N immobilization
considered both decomposability and C:N ratio. The ranking was paper mill sludge > leaf
litter > municipal solid waste (MSW) compost. Municipal biosolids, stable composts, and
very stable composts had C:N ratios < 15 and were not considered candidates for net N
immobilization.
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Three mixtures were selected to illustrate that co-utilization could reduce or eliminate
net N immobilization of one component of the mixture. Paper mill sludge, leaf litter and
MSW compost were mixed with municipal biosolids. Weather at Baltimore, MD, was
selected for these simulations. Mean monthly air temperature, precipitation and pan
evaporation are presented in Figures 4a and 4b, respectively. The mixtures were applied
at the first of April and simulations run for 24 months.

The first step was to simulate decomposition of the municipal biosolids at 1 t ha™ to
establish the amount of N mineralized each month. The second step was to run
simulations using the second component at different application rates until net N
immobilization from the second component was compensated for by PAN from the
municipal biosolids in any month. That rate established the ratio of the two components.
The data presented in Figures 8-10 are the sum of the monthly outputs for the simulations.
The first order rate constant was increased 1.5 times for the paper mill sludge rapid
fraction based on results from Study I. The kinetic parameters used for the MSW compost
were assumed to be the same as for the stable compost. No other adjustments to rate
constants were made.

Two additional simulations were made using Baltimore weather: stable compost and
very stable compost. The mean annual first order rate constant for these organic wastes
was calculated by solving Eq. 1 for k. This k was then used in a spreadsheet program to
estimate the accumulation of the organic waste by years of addition where t in Eq. 1 was
one year.

RESULTS AND DISCUSSION
Laboratory Studies

The results from Study I are presented in Figure 5. The decomposition of paper mill
sludge in the presence and absence of dairy manure, and dairy manure alone, are plotted
versus time. Decomposition of paper sludge plus manure was significantly different from
the individual treatments for all sample times, while the individual treatments were
significantly different from each other at 2.9 d and after 24 d. At 60 days, percent
decomposition amounts for the paper mill sludge, dairy manure, and the 50:50 mixture
were 58.5, 56.5, and 56.2%, respectively, which were not significantly different.

The first order rate constants for the rapid fractions of the paper mill sludge alone or
mixed with dairy manure (assuming dairy manure decomposition was constant) were
0.021 and 0.026 d™', respectively, while the rapid fractions amounts were 42 and 52% of
the total sludge C. These differences were compensated for during decomposition of the
slow fractions as slow fraction rate constants were 0.010 and 0.0054 d”, respectively. In
a second part of Study I (data not shown), the addition of 140 kg ha™' N as NH,NO; also
did not significantly alter overall decomposition amounts at 60 d. Rate constants for the
rapid fraction of the paper mill sludge alone and plus inorganic N were 0.021 and 0.033
d’', respectively, while the corresponding percentages in the rapid fraction were 42 and
57%. As in the case of the manure addition, the larger rate constant and amount in the
rapid fraction in the presence of inorganic N was compensated for by a smaller rate
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Figure 5. Decomposition and net N mineralizationof paper mill studge (C:N=49.4) and dairy manure
(C:N=12.1) applied at 33.6 t/ha alone and at 67.2 t/ha as a mixture (Study I).

constant during slow fraction decomposition. The values for the slow fraction rate
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treatments. The inorganic N levels followed the order: dairy manure > control soil =
50:50 mixture > paper mill sludge. The dairy manure contributed 51 mg kg inorganic N
above the control soil, while the 50:50 mixture was 7 mg kg™ inorganic N less than the
control soil. Paper mill sludge alone was 97 mg kg™ inorganic N smaller than the control
soil. Net N immobilization by paper mill sludge was still observed at 60 d and net N
mineralization of the dairy manure compensated for this net N immobilization. The
observed soil N levels of the mixture would be sufficient for many crops, which illustrates
the importance of supplementing an organic waste with a large C:N ratio with one having
a small C:N ratio to avoid crop N deficiency.

Figure 6 presents data from Sabey et al. (1975) for decomposition of municipal
biosolids alone and in the presence of bark at 22.4 t ha™ over a year period. Biosolids and
bark alone each had a decomposition rate of 2.3 mg CO,-C kg soil d"'. The equivalent
biosolids/bark mixture exhibited a decomposition rate which was identical to the mean
of its components. First order rate constants for the biosolids, bark and mixture were

Treatment Nitrate-N
5 mg N/kg soil
Bark 1
M. Biosolids 176
50:50 Mixture 83
control soil 68

N

Decomposition, mg CQ, - C/kg soil/d
W

Biosolid Bark Mixture

Figure 6. Mean decomposition rate and final soil nitrate-N following application of municipal biosolids
and bark at 224 t/ha alone and as 50:50 mixtures (adapted from Sabey et al., 1975 and Agbim et al.,
1977).
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0.00078, 0.00071 and 0.00080 d'', respectively, which suggested that the biosolids and
bark were very resistant to decomposition.

In Figure 7, decomposition of wood was 3.1 mg CO,-C kg™ soil d"! as compared to 2.3
mg CO,-C kg™ soil d" for the biosolids/wood mixture and biosolids alone. First order rate
constants for the wood and biosolids/wood mixture at 22.4 t ha” were 0.00084, and
0.00068 d, respectively. These rate constants suggested that wood mixed with this
biosolids would result in a mixture with slower decomposition kinetics, but the effect
appeared to be small.

Treatment Nitrate-N
5 mg N/kg soil
Wood 23
M. Biosolids W8 e
50:50 Mixture 111
control soil 68

B

s

rs

Decomposition, mg 002 - C/kg soil/d
w

Biosolid Woad Mixture

Figure 7. Mean decomposition rate and final soil nitrate-N following application of municipal biosolids
and wood at 22.4 t/ha alone and as 50:50 mixtures (adapted from Sabey et al., 1975 and Agbim et al.,
1977).

Figures 6 and 7 also present the final NO,-N concentrations in the soil for the
decomposition study described above (Agbim et al., 1977). Biosolids alone resulted in a
ile the concentrations in the presence of wood
, respectively. The NO;-N concentrations in

-
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the soil amended with the biosolids/wood or biosolids/bark mixtures were 111 and 83 mg
N kg soil, respectively. While N immobilization was still apparent, the decomposition
of biosolids in each mixture lead to substantial concentrations of PAN which again
showed that immobilization and sufficient PAN, for crop production are not mutually
exclusive concepts.

Computer Simulations - PAN

The paper mill sludge:municipal biosolids mixture simulation that would result in no net
N immobilization for any month was 6.2:1 (w:w), as shown in Figures 8a and 8b. During
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the first month after application (April), the change in soil N concentration was predicted
to be 0 kg Nt for the mixture, as the municipal biosolids released PAN in an amount
equal to N immobilized by the paper mill sludge. Twenty percent of the municipal
biosolids and 29% of the paper mill sludge decomposed during the first month to give an
overall amount of 28%. After that time positive PAN values were predicted i.e., soil N
(the difference between mineralized and immobilized N) was greater than zero. Honeycutt
et al. (1988) reported similar results using a similar paper mill sludge and they also found
that N immobilization was a short-lived effect, occurring for about 25 d at 25°C and 33
d at 20°C. In Figure 8a, decomposition slowly declined from May to September, while
PAN estimated for each month varied from a high of 2.4 kg N t" mixture to a low of 0.8
kg N t" mixture. The total amount of PAN predicted by the simulation model was 7.6 kg
N t! mixture during the first growing season. The second year after application of the
paper mill sludge:municipal biosolids mixture, continued decomposition and net N
mineralization were predicted by the computer model. Decomposition was 1 to 2 % each
month during the April to September period, while monthly PAN was from 0.3 to 0.6 kg
N t'! mixture. Total PAN during this period the second year was 2.7 kg N t'! mixture or
about one-third the first year value.

At the end of two years, 87% of the paper mill sludge:municipal biosolids mixture had
decomposed and total PAN equaled 12.0 kg N t' mixture. This rate of decomposition
suggested that this mixture would be a poor choice for improving soil organic matter, but
a good choice as a N source. Eighty-six percent of the PAN was created during the April
to September period with the distribution being two-thirds the first season and one-third
the second.

Figures 9a and 9b present the computer simulation results for the leaf litter:municipal
biosolids mixture. The organic C and N contents of the leaf litter used in the simulation
compared well with a recent study conducted by Heckman and Kluchinski (1996) for
deciduous trees in New Jersey. The ratio needed to avoid N immobilization was 3:1 leaf
litter:municipal biosolids. The amount of decomposition was much smaller in April (8%)
than for the paper mill sludge:municpal biosolids mixture. Also, the proportion of
municipal biosolids decomposing (20%) was much higher than leaf litter (4%). In
consequence, the simulation showed that the amount of PAN created in April was 6.8 kg
N t'! mixture as compared to the zero value for the paper mill sludge:municipal biosolids
case. During the May to September <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>