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PREFACE
. _______________________________________________________________________________________________________[i]

The theme of the Y ear 2000 Composting in the Southeast Conference and Trade Show -
Y 2Komposting - is that composting is about to enter a new phase as we enter the new
millennium. Compogting is awdl-established process that has been used for centuriesto
creete agriculturdly vauable soil amendments. During the last severd decades,
composting has attained usefulness as a waste management tool. More recently, the
processes that occur during composting have been employed for improving our
environment, such as bioremediation, production of soil erosion-controlling materias

and foundationa materials for constructed wetlands, and reclaiming contaminated soils
for establishment of vegetation.

Aswe enter the 21t millennium, we reglize more than ever the interconnectedness of our
globa systems. The activities of humans affect our entire world and the harnessing of the
natural processes of degradation of organic materials provides the potentia to reduce
methane emissons, improve the quality of soil upon which our food, water, and air
supply depends; restore degraded and contaminated |ands; produce biodegradable
products that will reduce the ever-increasing volume of trash generated by humans, and
provide benign sources of energy to maintain qudity of life and economic prosperity. The
use and promoation of this technology begins a the local level and, as such, this
conference is designed to provide practical tools for composting and compost utilization
whose ultimate god is a sustainable society.

Thanks to the many authors who have contributed valuable papers and presentations that
continue to expand the knowledge of thisimportant biological process. The sponsoring
agencies and members of the Planning Committee recognize and gppreciate the support
of those attending the Conference. To al of you, | say "Good composting.”

Greg Evanylo, Virginia Polytechnic Inditute and State University
Chairman, Planning & Organizing Committee
Y 2K Composting in the Southeast Conference - 2000
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Opening General
Session

ODOR: QUANTIFICATION AND HEALTH IMPACTS

Susan S. Schiffman, PhD. Professor of Medica Psychology
Duke University Medica School, Durham, NC 27710

Odor is an unwanted consequence of municipa waste processng and disposal of dudge.
Anagrobic digestion of dudge generates a broad range of odorants during the trestment
process. In the firs stage (acid fermentation), sugars, lipids, colloidd solids, and dissolved
carbonaceous matter are converted to organic acids with the evolution of BS and CO;; pH
drops during this stage. In the next stage (acid regresson), the organic acids (formed in stage
1) dong with some proteins are digested to acetate and ammonia compounds, pH rises dowly
during this stage. In the third stage, pH rises to neutrd (pH » 7) with the generation of large
volumes of gases, especidly methane, that can be used as fud. The resultant humic mass has
more odor if thermophilic digestion rather than mesophilic digestion is used. The dudge is
then dabilized by chlorine or lime to render the materid less suitable for microbia growth. It
is ds0 heated to reduce the quantity of moisure. Composing of the materia and other forms
of treatment byproducts can aso generate odor.

Questions have been raised about the potentid hedth effects of odors from wastewater
treatment plants and the disposd of dudge. On April 16-17, 1998, a workshop sponsored by
Duke Universty, the Environmenta Protection Agency (EPA) and Nationd Inditute on
Deafness and Other Communication Disorders (NIDCD) was held to examine the potentiad
effects of unpleasant odors on hedth and well-being (Schiffman e a., 20008). Complaints
atributed to unpleasant odors from wastewater treatment (as well as other odor sources)
include eye, nose, and throat fritation, headache, nausea, hoarseness, cough, nasal congestion,
papitations, shortness of breath, dtress, and drowsiness. These hedth symptoms attributed to
odors are generdly acute in onset and sdf-limited in duration (Schiffman, 1998). Paticipats
a the workshop attempted to determine whether these reported symptoms are caused by the
odor (sensation) or the odorant (the chemical which happens to have an odor) or other causes.

Workshop participants concluded that there are at least three ways in which odors may be
associated with hedlth symptoms. First, a person may be exposed to an odorant (e.g. exposure
to ammonia vapor) a levels capable of producing symptoms by sensory irritation (or other
toxicologic mechanisms). In this case, the irritancy (or toxicity) occurs a& a leve above but
within an order of magnitude of the odor threshold (concentration a which it is first detected).
At concentrations above the irritation threshold, the experience of odor occurs smultaneoudy
with the more rdevant irritative process, but symptoms are caused by irritation rather than
“odor-induced.” Odor in this fird case is amply a warning of potentiad hedth effects at
€levated concentrations.
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The second way in which odors may produce hedth symptoms is one in which the odorant is
pat of a mixture. In this case, a co-pollutant, which itsedlf may have no odor, is responsble
for the hedth symptom. An example of such a Stuation would be smultaneous exposure to
odors from dudge and to bacteria To the extent that symptoms/hedth effects are a result of
bacterial exposure, odor is merely acting as a marker of exposure. That is, odor is a “potentia
cofounder.”

The third gtuaion involves exposure to odorants that are 3-4 orders of magnitude below the
levels that cause irritation or classcad toxicologic symptoms. Example of such odorant
dasses indude sulfur-containing compounds such as, H,S, merceptans, and thiophenes.
Empiricdly there is condderable evidence that exposure to such compounds at concentrations
above threshold but below irritant levels is associated with increased symptom reporting.
More research is required, however, to undersand more fully the complex interplay between
biologicd and behaviord/psychosocid factors on expresson of hedth symptoms from odors.
Objective medicd tests such as pulmonary function studies must be corrdated with objective
measures of air quality. Methods for assessng hedth effects a specific odor/odorant levels
will be discussed (see Schiffman et d., 2000b for areview of methods for measuring odor).

REFERENCES

Schiffman, S. S. Livestock odors: Implications for human health and well-being. Journd of
Anima Science 76:1343-1355;1998.

Schiffman, S. S,; Waker, J. M.; Ddton, P,; Lorig, T. S; Raymer, J. H.; Shusterman, D.;
Williams, C. M. Potential hedth effects of odor from anima operations, wastewater
treatment, and recycling of byproducts. Journa of Agromedicine, 7: 2000a, in press.

Schiffman, S. S.; Bennett, J. L., Raymer, J. H. Quantification of odors and odorants from
swine operationsin North Carolina Agricultural and Forest Meteorology, 2000, in press.
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COMPOSTING TRENDSIN THE SOUTHEAST

Nora Goldstein
BioCyde
419 State Avenue
Emmaus, PA 18049
610-967-4135
610-967-1345 (fax)
noragold@jgpress.com

ABSTRACT

Wheat does the future hold for composting in the Southeast region? The answer to that questionis
multifaceted, and revolves around factors such as the following: Disposa capacity and tipping fees;
Need for aternative management of various resduds such as anima manures, food resduds, biosolids
and mixed MSW; Demand for soil amendments, State of soilsin the region; Bans on traditiond
pesticides and herbicides such as methyl bromide.

At thistime, disposa capacity in the Southeast region is abundant. At the same time, the five
Southeastern dtates -- Florida, Georgia, North Carolina, South Cardlinaand Virginia-- havedl
surpassed the recycling goas set by their legidatures. Therefore, what will drive more residudsto
composting is the need for dternative management methods, consumer demand for soil amendments like
compost, a need to remediate soils and slem erosion, and agriculturd demand for products like

compost that build soil organic matter and offer disease suppresson.

Currently, Georgia reports the highest number of operating composting facilities, followed by North
Carolina, South Carolina, Horidaand Virginia

INTRODUCTION

BioCycle magazine, Journa of Composting and Organics Recycling, has been covering recycling of
organic residuals for over 40 years. Starting in the 1980s, BioCycle initiated nationwide surveys to track
composting activity -- primarily composting of biosolids, municipa solid waste, and yard trimmings. In
the mid-1990s, BioCycle editors dso began tracking composting of source separated food resduas
from the indtitutiona, commercid and industrid sectors (ICl).

In addition to gathering nationwide data on composting projects, BioCycle conducts the annud “ State
of Garbagein America’ survey (2000 is the twelfth year the survey has been completed). The survey
guestionnaire asks state recycling coordinators, solid waste managers and others for awide range of
data -- from the total number of landfills and remaining disposd capacity to the amount of solid waste
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that is recycled and composted. The compiled data provides BioCycle editors with a good sense of
trends in solid waste management, including composting.

This paper presents and analyzes survey data relating to composting projects, as well asinformation on
overd| solid waste management trends that will impact the growth of composting facilities over the next
severd years. In addition, the find paper presented at the October conference will discuss data
gathered on manure generation, soil quality, population growth (and thus land devel opment) and severd
other factors that will have an impact on the continuing evolution of composgting in the Southeest.

STATE OF GARBAGE IN THE SOUTHEAST

In 2000, BioCycle split the survey into two parts. Part | focused on overal MSW generation and
disposd and incineration -- the “ State of Garbage.” The Part | report appeared in the April, 2000 issue
of BioCycle. Part 11 focuses on the recycling and composting side of the overal MSW management
picture. Data has been compiled (as of 9/30/00) on states' recycling rates (which include composting),
the amount of organics currently recovered versus what is dill in the waste stream, and legidative and
public policy initiatives -- induding grant programs -- that are helping to simulate composting and
organics recycling. This paper for the proceedings only has the Part | results. The presentation &t the
conference will include data for Part 11.

MSW Generation: Of the five Southeast states, North Carolina, South Carolina and Virginia provided
data on total MSW generation. Horidaonly has the quantity of the MSW collected; Georgia stota
comprises the amount of MSW disposed. The datais as follows: Florida -- 28.6 million tons, Georgia -
- 11.4 million tons; North Caralina-- 13 million tons, South Caralina-- 9.4 million tons, and Virginia--
8.1 million tons. All states but Virginiareported an increase.

Landfills, Incinerators and Capacity: The number of solid waste landfills in the Southeastern states
bresks out as follows:

State Totd landfills Totd landfills Average Tip Fee
(2000 survey) (1999 survey) (6]

Florida 57 95 43

Georgia 70 76 27

N. Carolina 39 35 31

S. Carolina 19 19 32

Virginia 65 70 na

Only Georgia provided an actua number of years for remaining landfill capacity -- 23 years. South
Carolinareported that it has 76.3 million tons of cgpacity remaining. States were asked if they were
adding landfill capacity and if there were any legidative restrictions on adding capacity. Florida, Georgia
and South Carolina noted their states are adding capacity; North Carolina said no capacity was being
added and Virginiadidn’t respond to this question. All states (except Virginia, which didn’t respond)
note there are no legidative redrictions on adding landfill capacity.
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In terms of incinerators, Florida leads the Southeast region with 13, reporting atotd daily throughput
capacity of 19,200 tons. Virginiareports have Sx incinerators in operation; the remaining states only
have one each. Dally capacity is as follows: Georgia-- 500 tons/day; North Carolina-- 380 tons/day;
and South Carolina-- 700 tons/day.

Unlike a decade ago when landfill capacity was perceived as diminishing and tipping fees were on the
rise, the Southeast -- like most other regions of the country -- seems to have adequate, if not abundant,
disposal capacity. Florida aso has a sgnificant amount of incineration capacity. What does this mean for
composting? Firgt, there is no overt need to devel op solid waste management adternatives such as
composting. Second, and more importantly to how composting evolved in the 1980s and 1990s, there
isn't any obvious pressure on State legidatures and policy makers to push for more aggressive
composting and recydling -- at least from the standpoint of disposal capacity. That pressure ten-plus
years ago led over 20 states in the country to ingtitute bans on the disposd of leaves and/or grass, which
was a ggnificant stimulant to development of composting capecity.

CURRENT COMPOSTING ACTIVITY IN THE SOUTHEAST

As noted earlier, BioCycle collects data on an annud or biannual basis on the number of composting
projects nationwide that are handling the following residuads. Food, MSW, yard trimmings and
biosolids. The following table represents composting activity in the Southeast. While BioCycle has not
surveyed composting activity in the agricultura sector, the number of farm-based projects handling
agriculturd residuds has definitely been increasing, not only in the Southeast, but across the country.

State Food?! MSW?2 Yard Trimmings3 Biosolids?
Florida 0 1 35 9
Georgia 2 2 169 6
N. Carolina 5 0 120 11
S. Cardlina 1 0 69 7
Virginia 1 0 11 5

12000 data; does not include on-site composting projects, eg. at correctiond facilities or universities
21999 data
31999 data
41998 data

The nine food resduas composting projectsin the Southeest are dl fairly smdl. The two in Georgia
take atotal of 600 tons/year of food resduas. The five in North Carolina process the most -- over
13,000 tonglyear -- while the South Carolinaand Virginia projects are handling avery smal amount. At
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thistime, North Carolinais mogt active in developing new food residuals composting projects, athough
interest gppears to be growing in Georgia

The three MSW composting facilities in the Southeast dl process mixed solid waste conssting of
resdential and commercid feedstocks. The Sumter County, Florida and Cobb County, Georgia
facilities both cocompost MSW and biosolids.

The number of biosolids composting projects in the Southeast has remained pretty stable over the past
few years. That may change, as more local governments in states such as Virginiaand North Carolina
consider and/or implement bans on land application of biosolids. As of late 1999, there were ten bans
or ordinances prohibiting or limiting land gpplication in Virginia, and four in North Carolina. Over 50
percent of the biosolids generated in Virginiaare land gpplied a thistime; 30 percent are incinerated
and 10 percent are landfilled. Floridaland applies over 65 percent of the biosolids generated; 17
percent are landfilled and 8 percent are incinerated. The State reports that only a handful of bans or
ordinances have been adopted to restrict land application. As land application becomes more difficult, it
is expected that there will be more movement to composting biosolids.

COMPOSTING DRIVERS

Because digposd capacity and high tipping fees are diminated as driving factors toward increased
composting, other factors need to be andyzed. Some are more immediate, wheress others are expected
to evolve over the next decade. These factors are discussed below:

Public policy commitments toward recycling and composting: Despite the lack of legidative and
capacity pressures, quite a bit of momentum was created over the past ten years toward maximizing the
amount of diverson through recycling and composting. Loca governments and state recycling and
compogting officias continue to explore ways to pull more materias out of the solid waste stream. Some
funding -- in the form of grants and/or loans -- is ill available to help programs get started or expand.
The 1999 State of Garbage in America survey (and the questionnaire for Part 11 being mailed out in late
August) asked gtates to estimate recovery rates for yard trimmings, food resduas and wood. Three of
the five Southeastern states provided estimates of recovery rates.

State Yad Trimmings Food ResiduasWood Residuds

(%) (%) (%)
Florida >50 <10 na
N. Carolina >50 <10 >50
S. Caralina 10-20 <10 20-30
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Without a doubt, there is room for growth of diversion through composting and mulch production in
these three states. Increased diversion through composting -- both in development of new facilities and
increased throughput at existing processing facilities -- isa very viable option.

Need for alternative management of various residuals: In the next five to ten years, it is expected
that composting will play an increased role in the management of anima manure and animd mortdities
from confined animd feeding operations. The large quantities of manure generated can tax an ared's
cgpahility to absorb those nutrients in an environmentally sound manner that is protective of public
hedth. Composgting is a viable dternative to managing manure and mortdities.

Opportunities aso exist for composting food processing resduds that currently are land applied. The
potentia for increased composting of biosolids was discussed earlier.

Demand for soil amendments: The Southeast region, like so many aress of the country, is
experiencing rapid development and population growth. With that development and growth comes a
need for soil amendments to establish lawns, green spaces and golf courses, plant gardens, and establish
and stabilize roadways. Compost can be a competitive product in the soil amendment marketplace. As
markets are established, composting facilities must be positioned to meet that demand on a consistent
basis (which thus requires a steady flow of feedstocks to the plants).

Sate of soilsin the region: Compod is playing an increased role in the remediation of contaminated
soilsas wel as building vauable organic matter in depleted agriculturd soils. Some data will be
gathered on the state of soilsin the Southeast, to be presented at the October meeting.

Alternatives to traditional pesticides, herbicides. Compost’ s role as a disease and weed suppressant
is expected to lead to increased demand for compost over the next decade. For example, researchers
and growersin Florida are usng compost as part of astrategy to replace methyl bromide, which will be
banned from use in severa years. Others are successfully using compost to suppress plant diseases.

CONCLUSION

Factors thet led to a surge in composting in the 1980s and 1990s are less prevaent in this decade. New
factors, such as a need to manage problem residuds such as manures, will fud development of
composting capacity over the next few years. Demand for compost products will help move that
development aong.
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Balancing the Components

Collection Processing Markets
$ $ $

Organics Recovery Programs



Organic Diversity

Feedstock Process Product

Yard Waste Size Reduction Soil Amendment
Animal Manure Mulch Fertilizer
Biosolids Compost Mulch

Food Waste Fill Material Organic Ingredient
Municipal Solid Waste Feedstock Energy Recovery

Industry Waste

T1A Solid Waste Management Consultants, Inc



Change in Florida’s Solid Waste Composition

1989 60| 100] 20| 150 3.0 6.0 9.0 50| 390| 5.0
1990 | 190| 80| 10| 150 3.0 7.0 70| 40| 300| 70
1991 166 65| 12| 155 2.9 9.3 63| 42| 301 7.4
1992 | 163| 63| 07| 154 30| 103 66| 37| 307 6.1
1993 | 206| 57| 07| 160 3.0 102 59| 34| 287| 58
1994 1 219| 55| 07| 148 28| 108 57| 3.0 275 7.3
1995 | 242 55| 07} 143 27| 10.1 54| 27| 269| 715
1995']  226| 54| 08| 144 24 121 52| 27| 263 8.1
1996 § 231 s11 071 142 251 132 sil 271 251 8.4
1997' ] 231 551 07] 142 251 126 50| 28] 256 7.9

" Calendar year data.



Materials Recycled and Disposed in Florida (CY 1997)
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Future Trends

Increased Economic Scrutiny

Program Efficiency / Accountability
One-Stop Shopping

Regionalization

Increasing Composting and C&D Recycling



What’s Left To Do

Revise State compost rules

Create uniform standards

Increase organics recovery
Produce higher-value material
Demonstrate benefits to markets
Move from puberty to adolescence

TIA Solid Waste Consultants. Inc.
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THE NORTH CAROLINA COMPOST PROMOTIONAL INITIATIVE

By: Ron Alexander
R. Alexander Associates, Inc.
12121 Eastham Drive
Apex, NC 27502
Phone: 919-367-8350
Fax: 919-367-8351
Emall: dexassoc@earthlilnk.net

The North Carolina Compost Promotiond Initiative (Initiative) was developed as a means to
dimulate market demand for North Carolina compost, and other recycled soil amendment
type, products. The project gods were accomplished by completing a variety of Satewide
compost market development and educationd activities which would both gimulate product
demand and increase product vaue. Project efforts were broken down into four mgor areas
of focus:

Promote compost to North Carolina professond "end-users' and "specifiers’

Promote compost to North Carolina“homeowners’ and “ gardeners’

Develop a Compost Use web-page

Coordinate efforts with the United States Composting Council’s (USCC's) Promotiond
Initiatives

A mgor focd point of the project was to develop a ‘Compost Use web-page. The web-page
was important because of our ability to refer both professona and nonprofessond end
users and specifiers to it for specific technicd data. Development of the Compost Use web-
page was completed with funds made available through the NC DPPEA, the US EPA, as well
as other regiona funders. The USCC co-sponsored the development of the web-page and
dlowed the use of its copyrighted documents, "The Fidd Guide to Compogt Use' and
"Landscape Architects Specifications for Compost Utilization" in its development. The
USCC hosts and manages the web-page on its web Ste (www.compostingcouncil.org). All
data found within the two previoudy mentioned USCC technicd documents had been
extendvely peer reviewed, and are based on a vaiety of univerdty research completed
throughout the United States. The Compost Use web-page will dso be hyper-linked directly
to the North Carolina DENR’'s web-ste. The Compost Use web-page itsdf contains close to
200 pages of text and more than 50 color pictures. The Compost Use web-page provides
compost use information, which is appropriste for both professond and non-professond
end users, aswell as companies and entities that can specify the use of compost.

15
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The web-page itsdlf providesinformation (and graphics) pertaining to:

Benefits of compost and its effects on growing systems
Compost feedstocks
Compost characteristicd/parameters
Compost selection
Comparing compost to other horticulturd and agriculturad products
Compost use guiddines for various compost end uses, including:
Various landscape gpplications (planting bed establishment, mulching,
planting backfill mix, topsoil blending)
Turf Management (turf establishment and renovation, upgrading margina
soils)
Nursery gpplications (growing media component, nursery bed and field
nursery production)
Other (establishing vegetable crops, eroson control, silviculture, sod
production)
Landscape Architecture Specifications for Compost Utilization

A series of ‘hands on’ promotional and educationd activities were aso completed within this
project to improve both compost awareness and gimulate market growth. The activities within
the project (and listed below) concentrated on more conventiona landscape based applications
for compos, because within the State of North Carolina, landscape related (horticultural)
goplications currently represent  the highet value compost markets. However, nether
professonal, nor non-professond horticultura markets have been properly engaged on a
datewide bass to dlow for a more long-term and sustained infrasiructure to be developed. In
fact, North Carolinas two largest composters sell the mgjority of their compost in topsoil blends.
While this drategy certainly improves the marketability of their compost products, it dso means
that the composters are not focussing their educationd efforts on promoting the benefits of 'pure
compost, which over time will more greetly benefit compost market development and improve
product vaue. Within the projects promotiond and educetiond efforts, compost was not only
promoted as a viable horticulturd and agricultural product, but aso as an environmenta product
that promotes water quality and soil conservation.

During the early g$ages of the project, contact was made with various composters across the state
of North Carolina (as wel as the DPPEA Organic Recycling Coordinator) to develop a working
group to provide feedback, and assst with specific efforts, within the project.

Specific NC CPI Project ComponentsTasks

A. Promote compost useto professiona ‘end users and ‘ specifiers
1. Engage end user trade associations
a. Attended state trade shows to promote compost use, North Carolina programs
(obtained booth) - Turfgrass Council of NC Show and the Green & Growing
Trade Show (sponsored by the NC Landscape Association, NC Association of
Nurserymen)
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b.
C.
d.

Identified and educated retail/wholesde firms that sdll bulk products

Developed an updated list of North Carolina’'commercia’ composters
Introduced compost use information and list of compostersin North Carolinato
end users and conference attendees

2. Engage end user specifiers

a

b.

C.

d.

€.

Presented papers at 3 regiona chapter meetings and the state conference of the
North Carolina Chapter of the American Society of Landscape Architects (ASLA)
Promoted compost use data/specifications to select North Carolina landscape
architecture firms

Engaged the N.C. Department of Trangportation regarding expanding composting
usage, and new gpplications

Promoted compost use data/specifications to North Carolina universities teaching
landscape architecture

Distributed landscape architect specs developed by USCC (computer CD) and
promoted web-dte to specifiers

B. Promote compost use to ‘homeowners' or ‘home gardeners
Focussed efforts through North Carolina members of the Garden Writers
Association of America (GWAA)

1.

a

b.

C.

d.

Engaged specific North Carolina GWAA members

Worked with North Carolina GWAA members, and engaged the national
organization (GWAA), as well as the Raleigh news media about Internationa
Compost Awareness Week

Promoted North Carolina composters and programs, USCC tools, Compost Use
web-gte, etc. and associated efforts

Promoted purchase of bulk product to retail/wholesale firms that sdll bulk
compost, wherever possble

Engage Garden Clubs

a. Promoted North Carolina composters, compost benefits, North Carolina
organics recycling initiatives, Compost Use web-Site, etc.

b. Primarily engaged management of The Garden Clubs of North Caroling, Inc.
and the National Council of State garden Clubs— providing tools and data to
which they can didtribute to members

c. Completed an article for the nationa organization's newdetter promoting
compost use, and the end use tools available

Engage Extension Service

a. Promoted web-page information as source for end user assistance and
education

Throughout the project, mgor composters within the state were engaged and asked to be
involved with the Initigtive. As meetings and events were planned, these groups were offered the
aoility to provide input and, where possble and egppropriate, attend. By involving the
composters, they will be better prepared to promote and educate potentid end users, specifiers,
and compost advocates regarding the benefits of composting and compost use in the future.

The overdl project objective was to simulate demand for compost, and other recycled soil
amendment type products, through a variety of educationa and promotiond efforts focussed
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towards specific end users, specifiers and compost advocates. Through these efforts, it was a
further objective to enhance the diverson of organics wastes in the State of North Carolina.

Additional project objectives were to:

Encourage the production of greater volumes of ‘quaity’ compost

Improve the awareness and marketability of North Carolina produced compost

Increase product accesshility to professonad and nonprofessona end users in North
Cadlina

Educate professond and non-professionals end user on compost use

Improve the infrastructure for compost market development

Through enhancing market demand, the compost marketing 'pie will grow, S0 individud
compogters will not focus on competing over who has the largest piece of the 'pi€. Instead,
composters have a method to work together in a coordinated manner to stimulate overal market
growth, which benefits the compogting industry as a whole. Through working with project
partners such as the USCC, DDPEA da&ff, state composters and the various North Carolina
horticultural trade associations, not only were the marketing efforts in the program leveraged,
and they should become more sustainable.

At the concluson of the project, a report will be provided to the NC DENR/DPPEA that

summarizes dl of the activities undertaken during the Initiaive, any concdusions drawn, project
successes, future needs, follow-up steps, aswell asligts of various types of individuas contacted.
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RES DUAL EFFECT OF MUNICIPAL SOLID WASTE AND BIOSOLID COMPOST ON
SNAP BEANS PRODUCTION
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ABSTRACT

The resdud effects of compost (mixture of municipa solid waste and biosolid) on sngp bean 'Opus
(Phaseolus vulgaris L.) production and soil nutrients concentration was evauated from compost
gpplied in the autumn of 1995 and winter 1996. Compost trestments applied 8 month early were
considered the main plots and two fertilizers level the sub-plots (0 vs. 100 kgha* of N). Main plots for
1996 consisted of 3.8 (49 tha"), 7.5 (99 tha'), 11.3 (148 tha™), and 15 cm (198 tha™) thickness of
4-week-old immature MSW compost applied as a mulch, and an untrested control. The second
experiment conssted in 3.8, 7.5, and 11.3 cm thickness of 8-week-old MSW immature compost and
an untrested control. Main plots for 1997 consisted of 2 (26 tha), 3.8, 7.5, and 11.3 thickness of 4-
week-old immature MSW compost, and an untrested control. The second experiment consisted in 2,
3.8, 7.5, and 11.3 cm thickness of 8-week-old MSW immature compost and an untreated control. In
1996, plant stand, marketable bean, and yield per plant were not different among 4 or 8-week-old
compost and fertilizer treetments for 4-week-old compost. However, marketable yield and yield per
plant was higher on the fertilized plots than unfertilized plots for 8-week-old compost. There were not
differences on soil pH, OM, and nutrient concentration among 4 or 8-week-old compost treatments. In
1997, marketable yield and yield per plant increased linearly with increasing 4 or 8-week-old compost
rate. Plant stand increased linearly as 4-week-old compost increased, however, there were no
differences for 8-week-old compost. Plant stand, marketable yield, and yield per plant was higher in
the fertilizer plots than unfertilized plots in both compost ages. Soil pH, OM, P, Ca, Zn, and Mn
increased linearly as 4 or 8-week-old compost rate increased. There were no differences on K, Mg,
and Fe between compost treatments and the control for 4 or 8-week-old compost. Positive residud
effect of compost on snap bean production can be expected under normal irrigation practice.

INTRODUCTION

Solid waste disposd in has become a concern, since population isincreasing, strong environmental

regulation that require landfills lining to protect ground water, and expensive tipping fee (Smith, 1995b).
In 1993, 21.4 million metric tons of solid waste were produced in the united States approx. 4.3 kg per

person per day (Smith, 1994b and 1995). Waste materials such as municipa solid waste (MSW), yard
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trimmings (YT), and biosolid (B) are high-volume wastes that could be composted instead of landfilled
or incinerated (Smith, 1994c). Nationdly, composting may be an attractive waste management tool,
snce 30-60% of the waste materids can be composted in an environmentally safe matter (Smith,
1994a). Potential compostable organic materia represent 65% of the MSW stream (Smith, 1990;
Smith and Cisar, 1993). Thelargest potential compost user isthe agricultura industry (Parr and
Hornick, 1992). Floridaisamagjor vegetable-producing state, with 149,850 ha under cultivation each
year (FASS, 1997). Sandy soils used for agriculture in Florida have low nétive fertility (Brady, 1974).
Proper fertilization is necessary to maximize yield and fruit qudity (Hochmuth and Albregts, 1994),
therefore to obtain high crop production, fertilizer inputs are high. Minimizing fertilizer leaching or runoff
has become important due to potentia negative environmenta impacts. Soil-agpplication of compost
provides an aternative to current methods of waste disposal, and at the same time may decrease the
amount of water and fertilizer gpplied to crops (Ozores et a., 1994b). Municipa solid waste compost
can dso play asgnificant role in the devel opment and maintenance of soil organic matter content (Parr
and Hornick, 1992). Amending soil with mature and stable composted materials such as biosolids,
MSW, and YT has been investigated extensively, and has been reported to increase vegetable crop
yields on beans, blackeye peas (Pisum sativum L..), okra (Abelmoschus esculentus L.) (Bryan and
Lance, 1991) tomato (Lycopersicon esculentum Mill.), squash (Cucurbita maxima Duch. Ex Lam.),
eggplant ( Solanum melongena) and beans (Ozores-Hampton and Bryan, 1993a and b; Ozores-
Hampton and Bryan, 1994; Ozores-Hampton et d., 1994a and b), watermelon (Citrullus vulgaris
Schrad.) and tomato (Obreza and Reeder, 1994; Obreza et d., 1994), corn (Zea mays L.) (Gallaher
and McSorley, 1994a and b), and pepper (Capsicum annuumL.) (Roe et d., 1993; Stoffella, 1995).
Most benefits of soil-applied compost have been attributed to improved physica properties dueto
increased organic matter concentration, rather than nutrient value (Galardo-Lora and Nogales, 1987;
Hernando et a., 1989; McConnell et ., 1993).

The objectives of thisinvestigation were to evauate the residua effect of MSW and biosolids compost
incorporated the previous year with acombination of inorganic fertilizer on snagp beans production.

MATERIALSAND METHODS
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Two field experiments were conducted during 1996 and 1997 at Southwest Forida Research and
Education Center in Immokaee, Ha. Soil typeisalmmokaee fine sand (sandy, siliceous, hyperthermic
Arenic Haplaguods). Snap beans 'Opus were planted on the same site as the previous (fall, 1995 and
winter 1996) biologica weeds control plotsto determine if there were residua effects of MSW and BS
on asecond crop. Thefields (1996 and 1997) experiments were a randomized complete block split-
plots experimental design with four replications. The compogt utilized for the experiments were
provided by Bedminister Bioconverson of Tennessee, Inc., Sevierville, TN. The MSW and BS are co-
processed through a three-compartment Eweson digester in an aerobic environment for 3 days and then
cured for 8 weeks using the windrow composting methods. Compost chemical and physical properties
were analyzed by the Soil and Water Science Department, University of Florida, Gainesville. The
chemica and physical properties of the compost are presented in Table 1.

1996 experiments: Two field experiments were conducted Smultaneoudy utilizing compost treatments
goplied on the fal of 1995. Compost treatments applied 8 month early were considered the main plots
and two fertilizers leve the sub-plots (with and out fertilizer). Main plots consisted of 3.75 (49 that),
7.5 (99 tha'), 11.3 (148 tha'), and 15 cm (198 tha™) thickness of 4-week-old immature MSW
compost applied as amulch, and an untreated control. The second experiment consisted in 3.75, 7.5,
and 11.25 cm thickness of 8-week-old MSW immature compost and an untreated control. 1n both
experiments immature compost was place in both side of the beds 90 cm wide and 4.8 mlong. Sub-
plots consisted of 100-0-113 (N-P-K kgha™) and no fertilizer gpplication. Granular fertilizer
goplications were divided in 3 equd single gpplication at planting, 2 and 4 week after planting. Sub-
plots Size area conssted of 3 single 2.4 m long center row and 2 border row. After removing
polyethylene beds 240 days after treatment (DAT), compost was incorporated about 15 cm deep with
arototiller, and snap beans seeded. Beans were direct seed in asingle row on beds 0.3 m wide and
15 high. Beanswere planted at 5 cm between seeds and 90 cm between beds or equivaent to
222,000 plantsha™. Beans were planted on 27 Sept, 1996 and harvested 25 Nov, 1996. Harvested
beans area consisted of 4 m long center rows. The plants were irrigated by maintaining awater table
about 0.6 m below the soil surface, and were monitored for insects and diseases according to Univ. of
Florida guiddlines,

1997 experiments: Two field experiments were conducted Smultaneoudy utilizing compost trestments
gpplied on the winter of 1996. Compost trestments applied 8 month early were considered the main
plots and two fertilizers level the sub-plots (with and out fertilizer). Main plots consisted of 2 (26 tha™),
3.8, 7.5, and 11.3 thickness of 4-week-old immature MSW compost, and an untreated control. The
second experiment consisted in 2, 3.75, 7.5, and 11.3 cm thickness of 8-week-old MSW immature
compost and an untreated control. 1n both experiments, immature compost was place in both side of
the bed 6.6 m long and 90 cm wide average. Sub-plots consisted of 100-0-113 (N-P-K kgha*) and
no fertilizer application. Granular fertilizer applications were divided in 3 equd single gpplication at
planting, 2 and 4 week after planting. Sub-plots size area conssted of 2 single 3.3 m long center row
and 2 border row. After removing polyethylene beds 240 days after treatment (DAT), compost was
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incorporated about 15 cm deep with arototiller, and snap beans seeded. Beanswere direct seed at 5
cm between seeds and 53 cm between rows or equivalent to 374,000 plantsha™. Beans were planted
on 20 Feb, 1997 and harvested 14 April, 1997. Harvested beans area consisted of 4 m long center
rows. The plants were irrigated by drip irrigation to mantain uniform soil moisture leve to the crop.
Insects and diseases were monitored according to Univ. of Florida guidelines.

Plant stands and marketable yield was measured at the time of harvest. Plots were manudly harvested
by removing the beans from the plants. Soil samples (500 g) were collected before planting in the
composted non-fertilized areas and analyzed a Soil laboratory at Southwest FHorida REC, Immokalee.
Samples were oven dried at 28°C and extracted with Mehlich-1 solution for Ca, Mg, P, and K
(Hanlon and DeVore, 1989). Soil pH was determined by 1:2 soil:water saturated extract and organic
matter by ignition (Dellavdle, 1992). Cooper, Mn, Fe, and Zn were determined by inductively
coupled-argon plasma spectroscopy.

Concentration of volatile faity acids such as acetic, propionic, butyric, isobutyric, valeric and isovaeric
acids were performed by Wood End Research Laboratory, Inc Vermon, Maine 04352. The compost
extract were prepared with 20 g compost dry weight and 50 ml of distilled water. At the |aboratory the
samples were diluted 1:10-1:1000 with ditilled water and run through and HPLC anion column, euted

Data were subjected analysis of variance to determine trestment effects and interactions. Orthogonal
contrast was utilized to describe the response of plant stand, marketable yidd and soil nutrients to
increasing rate of compogt.

RESULTS AND DISCUSSION

Compost maturity tests. The biologica cress germination methods was utilized to determine compost
maturity 240 DAT. The cresstest resulted in a germination index of 100 indicating the absence of
phytotoxic compounds associated with immature compost (Zucconi et d., 1981b). Physica
examination of the compost indicated a dark brown to black color and absence of unpleasant odor
associated to immature and unstable compost that can cause seed or plant dead and/or N-
immobilization. Thus, after 240 DAT composts was mature and sable. Both the 4 and 8-week-old
composts complied the U.S. Environmental Protection Agency's criteriafor "exceptiond qudlity,”
indicating no restrictions on use or gpplication rate (Kidder and O'Connor, 1993).

Soil analysis: There were no effects of compost on pH, OM, and nutrients concentration for 1996. In
1997, soil pH, OM, P, Ca, Zn, and Mn were higher in the compost treatments than the control for 4-or
8-week-old compogt (Table 2). There were no differences on K, Mg, and Fe between compost
trestments and the control for 4 or 8-week-old compost. Soil pH, OM, P, Cu, Zn, and MN increased
linearly as 4 or 8-week-old compogt increases. No differences were obtained in soil Cu concentration
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between 8-week-old compost trestments and the control, but Cu concentration increased linearly as
compost rate increased. Soil Cu concentrations differ between 8-week-old compost treatments and the
control, and Cu concentration increased as compost rate increased. Soil Ca concentration increased
linearly as 4-week-old compost rate increased, but did not increased for 8-week-old compost.

1996 bean production: There were not interactions between compost and fertilizer, and no effects of 4
or 8-week-old compost or fertilizer effects for 4-week-old compost for any of the variables measured
(Table 3). For the 8-week-old compost, higher marketable yield and yield per plant were reported
from fertilized plots than unfertilized plots. Smilar plant stand were reported from the fertilized plots and
unfertilized plots for 8-week-old compost. Roe et a (1990) reported higher broccoli yield with 168
than 84 kgha of N and not effects of compost. The addition of MSW and biosolids compost to the
soil provides N dmost completdly in organic forms, therefore availability occurs only over extended
period of time. However, incorporation of inorganic fertilizer which is mainly water-soluble and is
amos immediatdy available to the crops. Results from our experimentsindicated no residud effect of
4 or 8-week-old compost and no fertilizer effect of 4-week-old compost on plant stand, marketable
yield or yield per plant. This may have been due to suboptima soil moisture by a poor water tables
management during the crop production, especialy on the 4-week-old compost. Marketable yield was
lower than southwest Florida commercid average on 4 or 8-week-old compost, indication the effects of
poor irrigation. Lack of adequate irrigation system can diminish the resdud effects of compost and
fertilizer on snap bean production.

1997 bean production: There were not interactions between compost and fertilizer on 4 and 8-week-
old compost for any of the variables measured (Table 4). There were effects of compost and fertilizer
on 4 and 8-week-old compost experiments. Marketable yidd, and yied per plant increased linearly as
4 or 8-week-old compost rate increases. Plant stand increased linearly as 4-week-old compost rate
increases. Plant stand was Smilar on 8-week-old compost. Higher plant stand, marketable yield and
yield per plant was obtained from fertilized plots than unfertilized plots for 4 or 8-week-old compost
experiments. Residud effects of composted materids such as biosolids, MSW, and YT had produced
positive results in awide variety of crops. Municipa solid waste compost rates of 90 tha* applied
early in the year resulted in crop yield increases for bean (Ozores-Hampton and Bryan, 1993Db).
Resdud effects of compost of MSW, BS, and MSW and BS combination applied a year early resulted
in squash yield increases of 23% over the control (Ozores-Hampton et d., 1994). Application of 112
tha MSW 90 days before planting increased watermelon production by 30% as compared to
southwest Florida commercid average (Obreza and Reeder, 1994). Compost may increaseyield by
improve long term physical and chemica properties such as water-holding capacity, cation exchange
capacity, bulk density, and percentage organic matter, and can increase the microbia population rather
than the value as a fertilizer (Galardo-Lara and Nogales, 1987).

The lack of differences among compost treatments in soil nutrients and suboptima soil moisture
resulted in no significant yield responses to compost for 1996 experiments (Table 3). Higher soil pH,
OM, and nutrient concentration due to compost treatments resulted in higher marketable beanyidd for
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1997 experiments (Table 2 and 4). Benefits from compost utilization to improve crop yield and soil
chemica and physica properties have been reported, athough the response is not aways predictable.
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Table 1. Elemental concentration and chemical analysis of immature compost.

Characteristic 4-weeks 8-weeks

1995 1996 1995 1996

---------- (% dry weight)®---------
C 40.4 38.1 38.0 38.0
N 1.24 1.22 1.31 1.18
P 0.37 0.21 0.37 0.26
K 0.32 0.31 0.34 0.30
Ca 2.21 2.04 2.21 2.27
Mg 0.24 0.18 0.24 0.23
Fe 0.86 0.88 0.97 0.96
---------- (mgkg™ dry weight)*------

Cd 2.0 3.0 2.0 3.0
Cu 197 303 550 207
Mn 219 303 226 207
Pb 182 238 192 268
Ni 39 33 38.5 40
Zn 567 487 550 459
Moisture (%) 39.7 37.5 42.0 64.0
CN 35.5 31.3 29.0 31.8
pH 6.6 8.0 6.7 7.9
E.C. (dS/m) 10.1 8.4 9.5 10.5
G.I* 0 0 0 0

* Soil and Water Science Department, University of Florida, Gainesville.
Z Germination Index (Zucconi et a., 1981a and 1981b).
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Table 2. Residual effect of 4 and 8-week-old compost on soil pH, organic matter and soil nutrient

concentration for 1997.

pH oM P K Ca Mg Cu Zn Mn
Treatments (%) - Mgk g--------=mmmmmmeee
------------------------- 4-week-old compost----------------------
Control 6.0 1.8 16 14 671 10 4.4 3.0 1.7
Compost, 1.9 cm 6.3 2.0 23 13 789 21 3.8 45 2.1
Compost, 3.8 cm 6.6 21 25 11 933 16 5.0 6.6 2.8
Compost, 7.5 cm 7.3 2.6 35 17 1,399 18 6.5 15.2 45
Compost, 11.3 cm 7.5 25 43 13 1,621 19 5.2 187 59
Compost ** ** * NS ** NS ** ** *
Contrast:
Control vs. compost *x *x *x NS *x NS NS *x *x
Compost: Linear * * * NS * NS * * *
Quadratic NS NS NS NS NS NS * NS NS
———————————————————————— 8-week-old compost-----------------=-----
Control 6.3 17 20 7 740 13 22 2.6 1.7
Compost, 1.9 cm 6.6 1.8 22 8 730 15 3.0 3.9 2.0
Compost, 3.8 cm 6.9 19 27 10 1,147 19 2.9 6.0 2.6
Compost, 7.5 cm 7.1 20 31 13 1,015 14 29 8.6 2.8
Compost, 11.3 cm 75 22 39 10 1,194 16 4.0 122 41
Compoa ** ** ** NS * NS * ** **
Contrast:
Control vs. compost *x *x *x NS * NS *x *x *x
Compost: Linear *x *x *x NS NS NS * *x *x
Quadratic NS NS NS NS NS NS NS NS NS

Fe

20.8
17.3
19.8
34.1
32.1
NS

NS
NS
NS

46.2
43.4
50.1
53.7
60.3
NS

NS
NS
NS

L Significant at P = 0.01, P = 0.05, or not significant, respectively.

OM = organic matter
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Table 3. Residual effects of compost and fertilizer rate on plant stand, total yield and yield per plant for 1996.

Plant stand Bean yidd Yidd/plant
Treatments (No./4 mrows) (tha') (g/plant)
———————————————————————— 4-week-old compost-------------==--------
Control 38 3.9 37.4
Compost, 3.8 cm 40 3.3 30.0
Compost, 7.5 cm 40 3.4 30.0
Compost, 11.3 cm 42 3.5 31.0
Compost NS NS NS
Contrast:
Control vs. compost NS NS *
Compost: Linear NS NS NS
Quadratic NS NS NS
Fertilizer (Ib/acre)
0 40 3.1 32.0
90 41 4.0 318
NS *x NS
Interactions
Compost X fertilizer NS NS NS
———————————————————————— 8-week-old compost-----------------==----
control 14 7.0 57.4
Compost, 3.8 cm 43 5.7 48.5
Compost, 7.5 cm 42 5.7 50.0
Compost, 11.3 cm 43 6.4 52.7
Compost NS NS NS
Contrast:
Control vs. compost NS NS NS
Compost: Linear NS NS NS
Quadratic NS NS NS
Fertilizer (Ib/acre)
0 43 5.0 42.2
90 43 7.3 62.1
NS * % * %
Interactions
Compost X fertilizer NS NS NS

7, NS Significant at P = 0.01, P = 0.05, or not significant, respectively.
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Table4. Residual effects of compost and fertilizer rate on plant stand, total yield and yield per plant for 1997.

Plant stand Bean yied Yidd/plant
Treatments (No./4 m rows) (tha?) (g/plant)
———————————————————————— 4-Week-old compost------------=---==-----
Control 30 1.4 15.9
Compost, 2.0 cm 32 2.4 30.4
Compost, 3.8 cm 35 3.1 32.4
Compost, 7.5 cm 40 4.6 43.1
Compost, 11.3 cm 42 6.9 60.1
Compost * * % * %
Contrast:
Control vs. compost * ** **
Compost: Linear *x * *x
Quadratic NS NS NS
Fertilizer (Ib/acre)
0 39 34 30.8
0 33 4.0 42.0
* * **
Interactions
Compost X fertilizer NS NS NS
----------------------- 8-week-old compost------------------------
Control 30 0.9 9.9
Compost, 2.0 cm 43 2.0 16.0
Compost, 3.8 cm 39 1.9 18.6
Compost, 7.5 cm 37 3.8 31.6
Compost, 11.3 cm 50 5.8 41.9
CompOSt ** * % **
Contrast:
Control vs. compost *x *x *x
Compost: Linear NS *x *x
Quadratic * * NS
Fertilizer (Ib/acre)
0 36 24 19.9
0 43 3.4 27.2
* ** **
Interactions
Compost X fertilizer NS NS NS

©, 7, ™S Significant at P = 0.01, P = 0.05, or not significant, respectively.
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EFFECTS OF COMPOST ON THE GROWTH OF
FRASER FIR CHRISTMASTREESIN NORTH CAROLINA

George Peregrim, E& A Environmental Consultants, Inc.
and
L. Eric Hinedey, North Carolina State University

INTRODUCTION

It has often been said that it is easier to pull arope than it isto push arope. The sameistruefor
marketing of recycled materids, including the marketing of compost. It ismuch easier to market a
product that is being pulled through the market by the demand for the product. The purpose of this
project was to better quantify the effects of compost on Fraser fir Christmas tree growth in North
Carolinaas ameans of providing a research-based marketing tool to increase demand for compost.
North Caralina harvests Six to seven million Christmas trees per year from nearly 4,000 acres, which is
about 15 percent of the total nationa Christmas tree output.

The premise for the study was that the addition of compost could have severd potential positive impacts
on tree production, including faster growth, denser growth, and the potentia for suppressing plant
diseases. The study was divided into two parts: one part sudied the growth effects of compogt, and a
second part studied the disease suppression qualities of compogt. It was expected that the resuits of
this study would have positive laterd effectsin increasing demand for compost for other conifer trees
grown throughout the State.

LITERATURE REVIEW

Past research does not sufficiently provide practicd effects of compost for Christmas tree production,
nor does it provide guidelines for appropriate application rates. This research proposa refines past
research by limiting the range of compost blends and specifically targets a valuable tree species.
Research shows that high blending rates (greater than 30 percent by volume) in most cases do not
provide added benefits for plant growth and in some cases hinder plant growth through excessive
oluble st levels and high fertility.

The literature provides sparse information regarding the response of evergreen trees to compost
gpplication. Thereisevidence that some compost will suppress certain plant diseases, but the
mechanisms for this suppression and, consequently, the amount or type of compost needed to suppress
diseases are not well understood.
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Dunlap, et a. (1986) found that Ponderosa pine seedlings responded to compost trestment, with
ggnificant treatment effects on height and dry weight, while Douglas fir and noble fir did not show any
ggnificant effects. F. R. Gouin (1977) measured the germination and growth of

Norway spruce and white pine in response to three levels of screened and unscreened compost
compared to an inorganic fertilizer in Maryland. Soils amended with screened compost produced taller
seedlings than those trested with unscreened compost. Soils amended with compost had higher levels
of pH, phosphorous, and magnesium when compared with those plants receiving inorganic fertilizer. An
additiond study by Gouin (1993) provides key findings for horticultura crops, including that biosolids
compost can effectively provideinitia plant needs for both macro and micro nutrients; high gpplication
rates of compost can cause soluble salt problems in container-grown plants, mulching conifer seedlings
with 112 tons of biosolids compost per hectare stimulated growth; and compost can suppress
“damping-off” organisms to the extent that fungicides are not needed.

In aseparate study by Hoitink (1997), three mixtures of Technagro™ compost (10, 15, and 20 percent
vIv) were applied to seven different species of nursery plants. Results showed that at al locations, most
plants treated with the compost grew sgnificantly faster (P=0.05) than the control mixture. Additiona
work by Deuvitt, et d. (1991) on periwinkle shows that compost can result in greeter plant growth.
More recent work by Ingham on strawberries shows that compost can help suppress certain plant
diseases. DeCeuder, et d. (1999) suggested that the age of compost could have an effect on disease-
suppression qudities.

AREASOF STUDY

From seed to harves,, the life cycle of atypical Fraser fir Chrismastreeis 12 to 15 years. During this
time, the tree is transplanted twice prior to harvest. Seeds areinitiadly planted in a seedbed (75 to 120
plants per square foot) where seedlings develop and grow for three years. The seedlings, anywhere
from 6 to 12 inches tdl, are then transplanted into larger transplant beds. The trangplants are kept in the
trangplant beds for two years, where they reach a height of 16 to 24 inches. From here, the transplants
are planted in fidds, where they remain for seven to ten years until harvest.

The following two topics were investigated for this research project:
Study 1 — The response of Fraser fir field trangplants to compost
Study 2 — The effect of compost on the viahility of Phytophthora cinnamomi root rot in
transplanted Fraser fir seedlings

PROJECT DESCRIPTION AND RESULTS

The compost used in this study was a biosolids-based compost furnished by the City of Morgantown,
31



Agricultural
Utilization Session

North Carolina The compost was well within the USEPA Table 3 limitsfor pollutants. Additiona

anaysisis presented Tables 1 and 2.

STUDY 1-THE RESPONSE OF FRASER FIR TRANSPLANTSTO COMPOST

FHeld-grown trees (previoudy transplanted trees) in a permanent field location were treated with

four rates of compost as mulch (0, 2.2, 4.4, and 8.8 gallons per tree, which corresponds to gpplication
rates of 0, 0.5, 1.0, and 2.0 inches of compost on the soil surface, respectively). The experiment was
initiated on March 31, 1999 in a plantation of Fraser fir Chrigmas treesin Ashe County, North
Carolina. Spacing of treeswas five feet by five feet, and trees had been in the field for about four years.
Average tree height was about four feet. Standard culturd practicesincluded annua shearing.
Biosolids compost from the City of Morgantown, North Carolinawas spread in a circle around each

tree out to the drip-line of the crown.

TABLE 1 - Compost Analysis

% Totd Solids 49.0
% Volatile Solids 67.3
% Tota Kjeldahl Nitrogen 1.8
Carbon-to-Nitrogen Ratio 21.1
Bulk Density (Iblyd®) 1,168
Conductivity (mmhos/cm) 8.4
% Total Nitrogen 4.07
% Phosphorus 181
% Potassum 0.44
% Sulfur 0.91
% Magnesum 0.31
% Cdcium 1.03
% Sodium 0.16
Boron (ppm) 17
Iron (ppm) 20,161
Manganese (ppm) 415
pH 7.0

TABLE 2 —Bacterial and Fungal Biomass Analysis

Par ameter L evel Rating
Totd fungd to tota bacteria biomass 0.03 Poor
Active to total fungd biomass 0.16 Low
Active to totd bacterid biomass 0.14 OK
Active fungal to active bacterid biomass 0.03 Poor
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The experimenta design was a randomized complete block with six replications and four compost rates.

Each plot conssted of 20 trees (five trees by four trees). Excluding controls (no compost), dl plants
received compost. Trees received no inorganic fertilizer during the experiment. Measurements were
made on the interior Sx treesin each plot, with perimeter trees acting as aborder between plots. In two
plots, to ensure having six good measurement trees, it was necessary to begin with 24 trees rather than
20 trees.

The following measurements were made on September 1, 1999 in each plot:

Number of leaders emerging from the top node

Length of the best |eader

Number of laterd buds on the best |eader

Number of subtermina buds at the gpex of the best leader

Average diameter (mm) of the best |eader two centimeters above its base
Bud density on the best leader = 3) 2

Twig length in upper crown*

Length and weight of a gngle needle from the branch used in #7*

Foliage color: 1 (light) to 4 (dark green)

*See description of “ Twig sampling in upper crown.”

©CooNoarwWNRE

Soil samples were collected in each plot and composited (Replicates 1 through 3 and 4 through 6).
Two sx-inch cores were taken in each plot undernesth the compost near the drip line. Root samples
were collected for mycorrhizd anayss.

RESULTSAND DISCUSSION -STUDY 1

Of the measurements that were taken (above), there were no significant differences (P=< 0.05) for
Variables 1 through 6 and 9. Resultsfor Variables 7 and 8 are described below.

Twig Sampling in Upper Crown (Field Trees). We hypothesized that compost trestment might influence
the quantity or quality of foliage. In early September, one dominant branch tip (current-year growth)
was taken from amgor branch in the second whorl below the termind of each tree. The following
variables were measured on each branch:

Length (cm)

Number of lateral buds

Number of termind and subtermina buds
Needle length at the mid- point of the twig

~AwbdpE
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Needles that were used for measurement of length were taped to three-inch by five-inch cards (one
card per plot) and subsequently dried at 65°C and weighed. Twigs and needles were placed on ice,
transported to Raleigh, and dried to a constant weight a 65°C. Foliage and wood were separated and
weighed for each twig. Foliage dendty was cdculated (foliage weight ) twig length) as well as bud
dengty (latera buds) twig length). Results were andyzed with GLM and regression procedures (SAS
Indtitute, Inc.). After processng the twigs, the foliage was composited within each plot, ground to pass
a 40-mesh screen, and andyzed by the North Carolina Department of Agriculture, Agronomic Divison.
Results were andyzed with GLM and regression procedures (SAS Ingtitute, Inc.).

Results for Twig Sampling. Because some trees were inadvertently sheared before measurement, the
andyssfor twig length was conducted only for plots and trees that were not sheared. The number of
non-sheared treesin the 0, 2.2, 4.4, and 8.8-gdlon treatments was 22, 18, 18, and 24, respectively.
Only four of the measured or calculated variables for side shoots appeared to be affected by compost.
There was adight linear increase for tota foliage (Figure 1) per branch (g), foliage density (g/cm), and
average needle weight (mg). The rlationship for lateral buds was quadratic (Figure 2), with highest
vauesfor the 2.2- and 4.4-gdlon rates, and exhibited greet variability. Treesthat received sandard
fertilization (adjacent to experimenta plots) yielded results smilar to those for the control treesin the
experimentd plots.

FIGURE 1-Total Foliage FIGURE 2 - Lateral Buds
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FIGURE 6 —Manganese
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Variablesincluded in the soil analysis were phosphorous (mg/dnt); potassium, calcium, magnesium, and
sodium (megy100 cn’); weight-to-volume ratio (g/ent); pH in water, buffer acidity a pH 6.6, sum of
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cations, and cation exchange capacity buffer (meg/100 cnt); base saturation (%); manganese, zinc, and
copper (mg/dnr); and humic matter (/100 cn?’). Regression analysis was aso conducted on various
soil indicesto identify any effects due to compost. Five indices were sgnificant (P £ 0.05) — potassum,
copper, manganese, zinc, and pH — and graphs were prepared for these indices, including regressons,
R? values, and the level of Sgnificance

Reaults of Foliar Andlyssinthe Fidd. For the foliar nutrient concentrations in the field, aregresson
andysis was conducted to determine if any nutrient concentrations were related to compost rates.
Nutrients included in the tissue anadlys's were nitrogen, phosphorous, potassum, cacium, magnesum,
and sulfur (measured in %); and iron, manganese, zinc, copper, and boron (measured in ppm). For any
nutrient that was significant (P £ 0.05), a graph was prepared, including the regression, R value, and
level of sgnificance. Four nutrients proved significant: nitrogen, phosphorous, manganese, copper, and
boron. The regression for boron was significant at P=0.10.

Concentrations of severd nutrients in the foliage were affected by compost treatments. Nitrogen and
manganese (Figure 6) increased with gpplication rate, whereas phosphorus and copper (Figure 7)
decreased. The effect was most dramatic for manganese, which exhibited a steep linear increase with
increasing application rate. The mogt likely explanation is that the pH of the surface soil decreased
noticesbly at the higher application rates, and manganese is much more soluble below pH 5.3.

The only thing that might be a*“red flag” is the unusudly high manganese vaues for the two heaviest rates
of compost. Vaues above 500 ppm often are associated with yellowing of foliage and tend to
adversdly affect the calcium-to-manganese rtio.

STUDY 2-THE EFFECT OF COMPOST ON THE VIABILITY OF PHYTOPHTHORA
CINNAMOMI ROOT ROT IN TRANSPLANTED FRASER FIR SEEDLINGS

This study was designed to determine the effects of compost on suppressing Phytophthora
cinnamomi, a plant disease that is an increasing concern in Fraser fir production Earlier sudies have
shown that compost can reduce or diminate certain plant diseases when mixed with the potting media at
up to 30 percent of compost by volume.

Four levels of compost by volume (O, 10, 20, and 30 percent) were mixed with potting media. On
April 9, 1999, 300 three-year-old Fraser fir seedlings were lifted and graded from abed a Laurel
Springs, North Carolinaand hedled into soil in severd plastic boxes and buckets. Plants were about
onefoot tal.

On April 12, 1999, plants were potted into one-galon pots usng a pine-bark medium. No lime or
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fertilizer was incorporated into the medium. The pH of the planting mediawas around 5.0. There were
70 pots of each treatment. After potting, plants were watered and placed beneath 50 percent shade.
The plants were irrigated twice daily by overhead sprinklers. On June 2, 1999, pots were moved
underneath an overhead shade structure, where they were watered three times daily for 30 minutes each
time.

In each compost treatment, 30 plants were inoculated with rice grains infested with Phytophthora
cinnamomi using three holes per pot (about one inch deep), and two grains per hole. Holes were
closed and pots watered shortly thereafter. Thirty nonrinoculated plants of each treatment were used as
controls. Dr. Mike Benson, Department of Plant Paethology, North Carolina State University, cultured
and provided the Phytophthora cinnamomi for this sudy.

The experiment was terminated on July 28, 1999. The primary trestment effect was whether the plant
was dive or dead. However, early after inoculation with Phytophthora cinnamomi, it became clear
that nearly al plants subject to the trestment would die. To determine if compost affected growth, the
following measurements were made on each non-inoculated plant:

Totd height

Leader eongation in 1999

Length of the longest laterd branch in top whorl

Length of asngle needle from the longest laterd in the top whorl
Average sem diameter two centimeters above ground-line

g~ owdNE

All new growth was removed from the aerial part of each plant. Roots were separated from tops and
washed clean of rooting medium. These components, as well as the needle measured in #4 above,
were dried at 65°C to a constant weight and weighed for each plant.

RESULTSAND DISCUSSION - STUDY 2

It was hoped that compost might reduce the mortaity normaly associated with Phytophthora root rot.
However, thisdid not occur. All but afew of theinoculated plants died, with no differences evident
among treatments. Phytophthora cinnamomi was not deterred by any level of compost.

With regard to the other measurements, results indicate that compost did have an effect on plant growth.

In generd, the response to compost rate was quadratic, with the maximum for each growth index a 20
to 30 percent, as evidenced in the response for tota weight of seedlings (Figure 8).
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FIGURE 8- Total Weight of Seedlings
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Vaues were normaly lower for the control (no compost) and for the 30 percent rate, which was smilar
to the control. However, there was one exception; the average weight of individua needles decreased
with increasing compodt rate, with the maximum weight in the controls. This result did not carry through
into the field experiment, where needle weight increased dightly with increasing levels of compost. Most
regressions were statistically significant, but there was tremendous variahility, causing the R values to be
low. No treatment was included to compare compost to standard fertilization.

The results of this study show that this particular compost did not provide protection from
Phytophthora cinnamomi. Additiona research that became available after commencing this sudy
(DeCeugter and Hoitink, 1999) suggests that the age of the compost can make a difference on
biologica control. Compodgtsthat are either too immeature or too mature are less likely to suppress
disease. Compodtsthat have reduced levels of free nutrients yet till have active populations of
microorganismswill be most likely to provide some leve of protection. This particular compost had a
respiration rate of less than 2 mg CO,-C/g, which indicates very low microbid activity.

Further studies on this topic should concentrate on the age and the stability of the compost aswell asthe
amount of compost used in the planting mix. For example, acompost that is 0, 30, 60, 90, and 120
days old (after active composting) at various mix ratios (0, 10, 25, and 50 percent, by volume) would
provide a better indication of whether compost would have an effect on Phytophthora cinnamomi in
Fraser firs.

The additiond measurements taken in this sudy were not a part of the origind intent or design of the
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study, yet they do provide an indication that compost can improve the growth of Fraser firs. In the pot
study, growth measurements were made only over a severtweek period, yet results were observed.
Although there was tremendous variahility within each trestment, the results did have some sgnificance.
A study specific to the effects on young seedlings would be easy to design, and a longer-term growth
study would provide more conclusve results.

CONCLUSIONS

The studies provided mixed results. Although there are clear results in some aress, the project raised
additiona questions that need further investigation

With regard to the growth issue, the strongest results are that compost will reduce soil pH, add nutrients
and micronutrients to the soil, and affect some nutrient levelsin the trees. Also significant, but less
predictable, was the response to growth as measured in tota foliage, foliage dendity, and needle weight.

Redizing that not dl effects of the compost would likely be evident in a single growing season, results
over atwo-year period would provide more convincing evidence as to the effects of compost.

Results for disease suppression were clear. This compost did not have any impact on the suppression
of Phytophthora cinnamomi in any of the compost trestments. However, arecent article (DeCeuster
and Hoitink, 1999) suggests that the age of compost has a bearing on whether the compost will help
suppress plant diseases. The particular compost that was used in this study was very well aged, which
islikely the reason that it had no impact on disease suppression in thisstudy. An area of further
investigation would be whether differently aged composts would provide different levels of protection
from thisdisease. Thisissue isimportant to the extent that compost has been viewed by some
producers and users as providing disease suppression in plants. 1f compost is cgpable of providing such
disease suppression, the circumstances under which it provides protection should be better understood
so that this characterigtic could be marketed appropriately. This sudy identifies one set of conditions of
compost type, stability, and application where disease suppression did not occur, and this needsto be

recogni zed.

Although this project produced some clearly positive results in usng compost on growing Fraser firs, it
also uncovers afew areas of concern. Theincrease in manganese in the soil and in the needlesis most
likely aresult of the lower soil pH with increasing levels of compost. The concentrations of manganese
in the needles could be high enough to raise concern about yellowing of the needles, which is not agod
inrasng Fraser firs. However, our comparisons of the needles did not uncover any differencesin color
in relation to amount of compost used. Another area of concern is the decrease in needle phosphorous
with theincrease in compost. The concentration of phosphorous in the needles was below desired
levelsin dl cases, which suggests phosphorous is deficient regardless of compost use. The drop in pH
may have reduced the availability of phosphorous. These areas need further investigation.
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There are severd changes that would have made the research more meaningful and should be
consdered in future research efforts. Thefirgt isthat more than one type of compost could have been
used. Understanding the differences between yard waste and biosolids-based compost would be
helpful. A second change would be to collect and andyze data over atwo-year period rather than just
oneyear. For example, the effects of compost gpplied in year one on bud development would be more
eedly measured in shoot growth from those buds in year two. A third area of improvement would be to
use compogt of different agesin determining the effects of compost on suppressing Phytophthora
cinnamomi. The compost used in this experiment was well aged, and that could have been a sgnificant
reason why the compost did not suppress the disease at any application rate.
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SUBSURFACE INJECTION VERSUS SURFACE APPLICATION OF COMPOSTED
MUNICIPAL SOLID WASTE IN COTTON PRODUCTION

By

Ahmad Khdilian', Robert Williamsor?, Mike Sullivan®, John Mudller1, and Francis Wolak?
'Ediso Research & Education Center
Blackville, SC
Agriculturd & Biologicd Engineering Department
Clemson University, Clemson, SC

ABSTRACT

Equipment was developed and tested for injection and broadcast application of municipa solid
waste (MSW) compodt at selected rates to agricultura land for cotton production. Replicated
tests were conducted to determine the effects of injected vs. broadcast applied compost on soil
parameters (organic matter, soil compaction, and soil fertility) and plant growth.

All broadcast application rates of compost significantly reduced hardpan formation in the top 6-
in. of soil compared to no compost gpplication. In addition, al rates of injected materid
sgnificantly reduced soil compaction in the E- and B-horizons (6-18in.).  Injected applications
did not affect compaction in the top 6-in. of soil. Broadcast application of compost significantly
increased soil organic matter content 6- and 12-weeks-after planting proportiond to the compost
goplication rate. In addition, soil nitrogen content was significantly higher in the broadcast
gpplication plots 6-weeks-after planting. Twelve-weeks-after planting, only gpplication of 12-
tons/acre compost (broadcast) statistically increased soil nitrogen content averaged over thetop 8
in. of the sail.

MSW compost (broadcast or injected) significantly increased plant N, P, and K contents
compared to no compost gpplication. Increases in plant nitrogen were proportiona to application
rates. In addition, injected application increased plant sulfur compared to no compost
goplication. All rates of compost (injected or broadcast applications) sgnificantly increased
cotton lint yield compared to no compost application. Yield increase was proportiond to
application rates. For the 12 tong/acre injected gpplication trestment, yield increases were 23%,
24%, and 44% in 1997, 98 and 99, respectively compared to no compost application. Compost
sgnificantly increased plant height. Helght increase was proportiona to application rate.

Vitazyme increased plant N, P, and K contents with no effects on Ca, Mg, and S. Vitazyme
increased cotton lint yield 31 Ib/acre or 3%. In addition, soil nitrogen content 6-weeks- after
planting in plots trested with Vitazyme was 12% higher than no-Vitazyme plots.
INTRODUCTION

Municipdities are facing a growing problem of how to safely dispose of their solid waste.
Composting the organic fraction is possible solution to this problem. Biosolids are processed in
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compogting facilities, which turn the waste by- products into a valuable resource. Indudtry is
looking to expand towards composting the organic fraction of the municipa solid waste stream
as evidenced by the development of Bedmingter BioConversion Corporation in Severville, TN
and Cobb County GA. Thelargest potential user of MSW compost is agriculture (Parr and
Hornick, 1992; Sivkaet d., 1992). Application of MSW compost usudly increases yields of
agronomic and horticultura crops, under both field and greenhouse conditions.  Agricultura
uses of composted MSW have shown promise for avariety of field crops (sorghum, maize,
forage grasses) and vegetables sold for human consumption (lettuce, cabbage, beans, potatoes).
Responses by plant systems have ranged from none to over twofold incressesin yield
(Shirdipour et d., 1992). In areplicated sudy in South Carolina, surface gpplication of 15
tons/acre of MSW compost (broadcast or banded) resulted in a 30% increase in seed cotton yield
(Khdilian et d., 1998).

Soil compaction limits root penetration below the plowing depth and isasgnificant problemin
many soilsin the Southeadt. It reduces yidds, limits productivity, and makes plants more
susceptible to drought stress. Most upland sandy soils of the coastal plains have a compacted
zone or hardpan about 6 to 14 in. deegp and 2to 6 in. thick. Thisis caled the E-horizon and must
be broken so that root can grow into the subsoil or B-horizon to dlow optima crop performance.
Trouse (1983) has explained the benefits of and requirements for effective under-the-row
subsoiling. This practice has been shown to improve yidds in those soils of the coastd plain
which are subject to the formation of tillage pans (Garner et d., 1986; Khdilian et d. 1991).
Garner, et a. (1989) reported that in-row subsoiling in coagtd plain soilsincreased seed cotton
yield by 189 Ib/acre compared to non-subsoiled plots. An additiona deep tillage operation with a
Paratill ™ in the fall increased the seed cotton yield about 460 Ib/acre. Composted MSW has the
potentia to increase organic matter content of sandy coastd plain soils. Organic matter acts as
glue which helps keep soil structure more stable and resistant to compaction. Under laboratory
conditions values of bulk densty, penetration resistance and peak shear strength decreased with
increasng organic matter contents in sandy loam and clay soils (Ekwue and Stone, 1995).
Preventing soil compaction in coastd plain soils means fewer deep tillage operations and an $8

to $10 savings per acre.

Plant-parasitic nematodes cause over $250,000,000 in yield losses on cotton in the United States
each year (Blaangame, 1996). Yield lossesin individud fields may reach 30-50%. At the present,
nematode management relies heavily on the use of nematicides, such asddicarb (Temik 15G)
aoplied in-furrow at-planting at a cost of approximately $16.00/acre. Higher organic matter content
tends to increase the populations of many soil microorganisms, including those that are naturaly
antagonigtic or paragitic to plant-paragitic nematodes. Khdilian et a. (1998) reported that
goplication of MSW compost sgnificantly reduced the Columbialance nematode densitieson a
Faceville loamy sand soil. Compost trestments had nematode densities comparable to those

found in the Temik 15G treatment.

Recently Vitd Earth Resource Research Center (706 East Broadway, Gladewater, TX) has
introduced a soil fertility boogter called “Vitazyme’ for improving the growth of plants. Many
researchers have used this materid for crop production. Yield increases ranging from 5 to 25%
have been reported for different field crop such as cotton, corn, soybeans, etc. (Syltie, 1998).
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Currently thereis no equipment commercidly available to inject MSW compost below the soil
surface. The ability to inject solid waste materid in anarrow band under the crop row is
important Snceit optimizes plant nutrition and minimizes nuisance factors. Injection of
compost will have atwo-fold objective: placement of organic materid in the root zone and
fracturing the soil hardpan.

OBJECTIVES

The objectives of this project were @) to develop and test equipment for injection and broadcast
gpplications of composted municipa solid waste at selected rates to agricultura lands for cotton
production. b) To determine the effects of compost on soil parameters (organic matter, soil
compaction, and soil fertility) and plant responses (yield, nutrition).

METHODSAND MATERIALS
Equipment

In 1997, equipment was constructed for injecting MSW compost pre plant under the seed row at
sufficient depth to placeit in the compacted subsoil layer at different gpplication rates. The
equipment was modified in 1998 to increase efficiency of the sysem. The compost injector was

a 2-row configuration and consisted of subsoiler shanks, which had been modified by attaching a
4-in. x 8-in. thinrwal| rectangular tubing to the back of each subsoiler shank. These extended
from the lower end of the shank to a pogition above the soil surface. The trailing edge of the
rectangular tubing was cut away from the lower end of the tubing to allow the MSW compost to
be deposited into the dot created by the subsoiler shank. Compost was funneled into the top of
the rectangular tubing and fell by gravity flow to the bottom. Asthe tool moved through the soil,
the MSW compost was placed into the bottom of the trench created by the subsoiler.

For preparing the injected test plots, the MSW was carried on the subsoiler. A hopper was
congtructed and attached to the subsoiler frame. This hopper was fitted with a drag chain, which
pulled the MSW meterid toward a drop point above the injection tubes. Material was dropped
by gravity from the hopper floor into the top of the injection tubes with trangtions constructed
from sheet meta. A hydraulic motor was used to run the drag chain. Compost application rates
were adjusted by changing the speed of the hydraulic motor and utilizing an adjustable gate that
was added to the spreader.

A conventiond flatbed, chain conveyer type manure spreader was used for broadcast gpplication.
An adjustable gate was added to the spreader to control application rates. The spreader was
adjusted to uniformly broadcast composted materia the width of two rows (6.33 ft). A 4-shank
subsoiler-bedder was used to disrupt the hardpan and incorporate the MSW compost.

Fied Test

The Bedmingter BioConversion Corporation’s compogting facilities in Severville, Tennessee
provided the MSW compost for this study each soring. Andyss of the composted materid is
shown in Table 1. Tests were conducted from 1997 to 1999 at the Edisto Research and
Education Center at Blackville, SC on a Varina sandy loam soil (clayey, kaolinitic, thermic
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Finthic Pdeudults). A randomized complete block design with four replications was the statis-
ticd modd sdlected for comparing treatments. Two gpplication methods (injection and
broadcast), three application rates (4, 8, and 12 tons/acre), and a control (no compost) were
used in 1997 and 98. The same treatments were used in 1999 except the test plots, after
compost gpplication, were split in half and one hdf recelved Vitazyme. Vitazyme was sorayed
at 13 oz/acre over the soil surface directly behind the planter. A second application of 13
oz/acre was sprayed on the cotton leaves and soil &t first bloom.

Table1. Andytica laboratory results of composted municipa solid waste at the time of
goplication.

Y ear pH N P K Ca Mg S  Maoisture
(%) (%) (%) (%) (%) (%) (%)

1997 6.8 142 072 0.33 2.28 0.23 0.49 17.8

1998 7.3 119 062 0.37 2.22 0.26 0.37 30.7

Cotton was planted with a 4-row John Deere MaxEmerge2 planter and carried to yield using
recommended practices for seedbed preparations, seeding, fertilization, and insect and weed
control. Plot size was 8 rows (25 ft X 80 ft). The two middle rows of each plot were machine
harvested for yield determinations.

To determine the effects of compost on soil compaction, atractor-mounted, hydraulically operated,
microcomputer-based, recording penetrometer system was used to quantify soil resstance to
penetration. Soil cone index values were calculated from the measured force required to push a0.5
in.? base area, 30° coneinto the soil at a constant velocity (ASAE, 1999).

Penetrometer data was taken before compost application and immediately after cotton harvest in
1999. Penetrometer readings were taken to adepth of 18 in. from two middle rows of each plot.

Table2. Effect of compost application methods and rates on formation of hardpan under cotton
rows, 1999. Edisto Research and Education Center, Blackville, SC.

Application Compost Cone Index (ps)

Method (tong/acre) 0-6in. 6-—12in. 12 —18in.

Broadcast 4 60 c 137b 269 ab
8 59 ¢ 131b 312a
12 57c¢ 125 bc 394 ab

Injected 4 70a 111 dc 268 bc
8 65 ab 105 de 263 c
12 66 ab 9le 248 c

None None 70a 154 a 300 a

Vdues in a column followed with the same letter are not sgnificantly different (LSD tes, a =
0.05).
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In 1999, each plot was sampled for Columbia lance nematodes, soil organic matter, and
ammonium and nitrate contents a planting, 6-weeks-after planting and 12-weeks- after planting.
Twelve cores 8-in. deep and 1-in. in diameter were taken from each plot on each date. Plant
tissues (35 leaves/plot) were collected and andyzed for N, P, K, Ca, Mg, and S.

RESULTSAND DISCUSSION

All rates of broadcast gpplication of compost sgnificantly reduced formation of the hardpan in
the top 6-in. of soil for cotton rows compared to no compost gpplication in 1999 (Table 2). In
addition, al rates of injected materia significantly reduced soil compaction in the E-horizon (9-
12in.) and in B-horizon (12-18in.). Injected gpplication did not affect the compaction in the
top 6-in. of the soil.

Table 3 shows soil organic matter and nitrogen content averaged over thetop 8 in. of soil for
1999. Broadcast application of MSW compost significantly increased the soil organic matter
content 6- and 12-weeks-after planting proportiona to compaost gpplication rate. In addition, soil
nitrogen content was sgnificantly higher in the broadcast gpplication plots 6-weeks-after
planting. 12-weeks-é&fter planting, only application of 12-tons/acre compost (broadcast)
datistically increased soil nitrogen content averaged over top 8 in. of the soil. Since the injected
materid was about 12 in. deep, it did not affect the soil organic mater and soil nitrogen content in
thetop 8 in. of the sail.

MSW compost (broadcast or injected) significantly increased plant N, P, and K compared to no
compost gpplication (Table 4). Increases in plant nitrogen were proportiona to application rates.
In addition, injected application increased plant sulfur compared to no compost gpplication
(Table5). Application of compost did not affect plant Caor Mg (Table 5).

Table 3. Effects of MSW compost on soil organic matter and nitrogen content 6- and 12-weeks-
after planting, 1999.

Application Compost Rate % Organic Matter NO3-N ppm

M ethod (tong/acre) 6-week 12 week 6-week 12-week
Broadcast 4 1.75c 169b 11.88c 6.90 ab
8 206 b 195a 13.00b 6.51 ab

12 259a 201a 15.25a 894 a
Injected 4 1.10e 1.18¢ 8.75d 4.93 bc
8 1.33d 1l1l4c 8.75d 4.48 bc
12 1.25de 121c 8.75d 4.74 bc

None None 1.19de 1.06c¢c 8.38d 354c

Vduesin acolumn followed with the same |etter are not Sgnificantly different (LSD test, a =
0.05).

All rates of compost (injected or broadcast applications) significantly increased cotton lint yield
compared to no compost application in each year (Tables 6 and 7). Yidld increase was
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proportional to application rates. In 1997, for 12 tong/acre injected application treatment, yield
increase was 249 |b/acre lint or 23% more than compost gpplication. In 1998 and 99, yidld
increases at thisleve of gpplication rate were 24% and 44% higher than no compost gpplication,
respectively. There were no differencesin yield between broadcast and injected gpplication
method for a given compost rate. Increased soil organic matter and nitrogen content combined
with the potentid increase in soil water-holding capacity and decreases in soil density associated
with MSW compos, could be the contributing factors to yield increase. Compost significantly
increased cotton plant heights (Table 7). Height increase was proportiond to application rate.

Table 4. Effects of MSW compost on plant tissue (%N, P, and K), 1999, (Samples taken 12-
weeks-after planting).

Application Compost Rate N P K
M ethod (tong/acre) (%) (%) (%)

Broadcast 4 3.97d 0.30a 196b
8 4.13c 0.29b 1.93b
12 432a 0.33a 214 a
Injected 4 4.01d 0.32 ab 1.94b
8 4.18 bc 0.30ab 211a
12 4.28 ab 0.33a 216a
None None 354e 0.26c 16lc

Vduesin a column followed with the same | etter are not Sgnificantly different (LSD test, a =
0.05).

Table 5. Effects of MSW compost on plant tissue (%Ca, Mg, and S), 1999, (Samples taken 12-
weeks-after planting).

Application Compost Rate Ca Mg S
Method (tong/acre) (%) (%) (%)
Broadcast 4 26la 0.48b 0.76 bc
8 2.62a 0.51ab 0.66 c
12 2.67 a 0.50 ab 0.76 bc
Injected 4 2.78a 0.55ab 0.83ab
8 257 a 0.52 ab 0.88a
12 2.78a 0.57a 0.89a
None None 252a 0.57a 0.71c

Vauesin a column followed with the same |etter are not Sgnificantly different (LSD tedt, a =
0.05).

Vitazyme increased percent N, P, and K in plant tissue with no effects on Ca, Mg, and S (Tables
8and 9). Vitazyme increased cotton lint yield 31 Ib/acre or 3% (Table 10). In addition, soil
nitrogen content 6-weeks-after planting in plots trested with Vitazyme was 12% higher than no-
Vitazyme plots (Table 11).
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Table 6. Effects of compost on cotton lint yield for 1997 and 1998 tedts.

Trt. Compost Application Yield (Ib/acre)

No. (tong/acre) M ethod 1997 1998

1 4 Broadcast 1228 b 940 ¢
2 8 Broadcast 1282 ab 1018 b
3 12 Broadcast 1343 a 1047 ab
4 Injected 1222 b 945¢
3) Injected 1293 &b 1013 b
6 12 Injected 1351 a 1076 &
7 None W  ------- 1103 c 868 d

Vdues in a column followed with the same letter are not ggnificantly different (LSD tedt, a =
0.05).

Table 7. Effects of MSW compost on cotton lint yied plant height and population a harves,
1999.

Application Compost Rate Yield Plant height Plant Population
M ethod (tongacre) Ib/acre (in) (Plant/ft)

Broadcast 4 1016 ¢ 31.5d 2.7a
8 1083 b 33.3b 25a
12 1203 a 344a 26a
Injected 4 1030 c 325¢c 27a
8 1078 b 33.3b 26a
12 1217 a 34.7 a 24a
None None 844 d 300e 26a

Vduesin a column followed with the same | etter are not Sgnificantly different (LSD test, a =
0.05).

Table 8. Effects of Vitazyme on plant tissue (%N, P, and K), 1999, (samples taken 12 weeks
after planting).

Vitazyme N P K
i (%) (%) (%)
13 OZ a planting &
1307 at first bloom 422a 0.3la 2.08a
None 391b 0.29b 188b
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Vdues in a column followed with the same letter are not ggnificantly different (LSD test, a =
0.05).

Table 9. Effects of Vitazyme on plant tissue (%Ca, Mg, and S), 1999, (samples taken 12 weeks
after planting).

; Ca M g S
Vitazyme (%) %) %)
130Z & planting &
13 0Z a firgt bloom 27la 054a 0.77a
None 2602 0.52a 0742

Vdues in a column followed with the same letter are not dgnificantly different (LSD test, a =
0.05).

Table 10. Effects of Vitazyme on cotton lint yield, plant height, and population at harvest, 1999.

Vitazvme Yidd Plant height Plant Population
- Ib/acre (in) (Plant/ft)
130Z d planting &
1307 a first bloom 1083a 331la 26a
None 1052 b 32.6b 26a

Vdues in a column followed with the same letter are not sgnificantly different (LSD tett, a =
0.05).

Table 11. Effects of Vitazyme on soil organic matter and nitrogen content 6 and 12-weeks-after
planting, 1999.

. % Organic M atter NO3-N ppm
Vitazyme 6-week 12-week 6-week 12-week
13 OZ a planting & 1.61a 1.45a 11.32a 5.73a
13 OZ at first bloom
None 160a 147 a 10.07 b 571la

Vauesin acolumn followed with the same letter are not Sgnificantly different (LSD test, a =
0.05).

CONCLUSIONS

Equipment was devel oped and tested for injection and broadcast application of MSW compost at
selected ratesto agricultural land for cotton production. Replicated tests were conducted to
determine the effects of compost on soil parameters (organic matter, soil compaction, and soil
fertility) and plant growth.

All rates of broadcast application of compost sgnificantly reduced formation of the hardpan in
the top 6-in. of soil compared to no compost gpplication. In addition, al rates of injected
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materia sgnificantly reduced soil compaction in the B and B-horizons (6-18in.). Injection
gpplication did not affect the compaction in top 6-in. of the soil.

Broadcast application of compost significantly increased the soil organic matter content 6- and
12-weeks-&fter planting proportiond to compost application rate. In addition, soil nitrogen
content was significantly higher in the broadcast application plots 6-weeks-after planting.
Tweve-weeks-after planting, only gpplication of 12-tong/acre compost (broadcast) significantly
increased soil nitrogen content averaged over top 8 in. of the soil.

MSW compost (broadcast or injected) significantly increased plant N, P, and K content
compared to no compost application. Increases in plant nitrogen were proportiona to gpplication
rates. In addition, injected application increased plant sulfur compared to no compost
goplication.

All rates of compost (injected or broadcast gpplications) sgnificantly increased cotton lint yied
compared to no compost gpplication. Yield increase was proportional to gpplication rates. For 12
tons/acre injected gpplication treatment, yield increase was 23%, 24%, and 44% in 1997, 98 and
99, respectively compared to no compost application

Compost sgnificantly increased plant height. Helght increase was proportiond to gpplication
rate.

Vitazyme increased plant N, P, and K contents with no effectson Ca, Mg, or S. Vitazyme
increased cotton lint yield 31 Ib/acre or 3%. In addition, soil nitrogen content 6-weeks- after
planting in plots trested with Vitazyme was 12% higher than no-Vitazyme plots.
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COMPOSTING FOOD WASTESAT THE 1999 SPECIAL OLYMPICS
WORLD SUMMER GAMES

Craig Coker, Composting Specialist, NC Dept. of Envir. & Natural Resources'
Cindy Sdlter, Compost Microbiologist, Soil FoodWeb, Inc.?

INTRODUCTION

The 1999 Speciad Olympics World Summer Games were held in the Raeigh- Durham: Chapel
Hill areaof North Carolinafrom June 26 through July 4. Thisinternationd event drew 7,000
athletes and 3,000 coaches from 150 countries to compete in 19 different sports. In addition,
over 35,000 local area volunteers were recruited to help put the Games together and to
provide a comprehensive support program for the athletes, coaches, and families.

In mid-1998, representatives of the Specia Olympics Games Organizing Committee (GOC)
requested a meeting with loca area solid waste and recycling professonas to discuss the
logigtics of solid waste management at the Games. Over the course of the following yesr,
three separate committees of professionas were assembled, one each for solid waste
disposd, for recycling, and for food discards composting.

PLANNING PROCESS

The Composting Subcommittee met monthly from January 1999 until June 1999. The
subcommittee prepared an operations plan for composting during the Games. The operations
plan spelled out the logistical details of food discards collection, transportation, composting,
and compost use. Financid support for the program was obtained from the Division of
Pollution Prevention and Environmental Assistance (DPPEA) in the North Cardlina
Department of Environment and Naturad Resources (DENR).

Project planning included detailed evauations of the Specid Olympics plans for feeding
vigting athletes and coaches, selection of the collection containers to be used for food
discards collection, preparation of sgnage for containers and obtaining Solid Waste
Composting Demongtration Permits from the Division of Waste Management, NCDENR.
This planning process dso included developing a“flow plan” for food discards. This plan
addressed the questions of what to divert, how to divert it, the roles of volunteers, the
placement of the callection containers, the movement of the containers from the kitchensto
the composting Stes, the unloading and mixing procedures a the composting Stes, and other
factors.

PROJECT IMPLEMENTATION

! Division of Pollution Prevention & Environmental Assistance, 1639 Mail Service Center, Raleigh NC 27699-
1639, (919) 715-6524, craig.coker@ncmail.net
21128 NE 2" ., Covallis, OR 97330, (541) 752-5066, salterdog@aol.com
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During the Summer Games, Olympians were housed at three area universities (North
Carolina State Univeraty (NCSU) and Meredith College (in Rdeigh) and University of
North Carolina (UNC) at Chapel Hill). The athletes, coaches, saff, and volunteers used the
universties dining hdlsfor their meds.

154,369 meals were served from 5 AM to Midnight from June 24 through July 5, 1999. The
number of meals served daily was much grester than the norma school-year number of

meals served at NCSU (10,000 per day as opposed to 4,500 per day during the school year).
The number of medls served a Meredith and UNC were smilar to norma servings. The
Specid Olympics established menusin advance, and food service was al-you-could- eat
buffet style with disposable paper plates, cups, and cutlery.

A pool of 62 volunteers was assembled to accomplish this food discards diversion.

Volunteers were drawn from state government, local recycling associations, and loca high
school environmenta clubs. Volunteers were assigned to one or more of the three dining

hals and were organized into 3-hour shifts, alunch shift from 11:30 — 2:30 and adinner shift
from 5:30 — 8:30. Breakfast and late dinners were not included in the project at NCSU, dueto
logigtical congtraints with the dining hdls and alack of adequate numbers of volunteers.

These other meals were captured at Meredith and UNC as the kitchen staff helped with the
diverson.

FOOD WASTESCOLLECTION

Separation of compostable food wastes from non-compostable items was accomplished at
diverson gations established in the proximity of tray-return areas and dishwashing rooms.
Volunteers and dining hall personnd staffed these stations.

Food discards were collected in 40-gd. wheded Zarn containers (lined with 45-gd. 100%
recycled black plastic bags). These containers were labeled with the Specid Olympics
recycling logo and afood waste-to-compost graphic illustration. The disposable products
used by the dining hals contained both poly-coated and non-coated plates and bowls; the
cutlery was dl plastic. Some smal paper plates were included in compostables (Chinette
brand of non-coated paper plates); but most were not taken due to wax/poly coatings. Larger
dinner plates (Chinette 9 2" dinner plates) were taken at firgt, but later not included due to
their effect on compost mix C/N ratios, their effect on mix moisture content, and the potentia
to blow around on site. Compostables also included paper napkins.

Full containers were transported to two compost sites (one at NCSU and one near UNC-CH)
in 15- ft. box trucks equipped with hydraulic lift gates. For the NCSU compost Site, the truck
was weighed after each medl using MD-500 portable truck scales (capacity of 20,000 Ibs).
For the UNC compost site, individud containers were weighed using a Pelouze heavy-duty
postd scae (400 Ib capacity). The total amount of food discards transported to the NCSU site
was 13,888 pounds; the amount diverted to the UNC compost site was 7,736 pounds, for a
tota diversgon of 21,624 pounds (10.8 tons). Table 1 lists the weights by day for each site.
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Tablel

MEALS  FOOD DISCARDS COLLECTED
SERVED (LBS)

Date NCSU/Meredith UNC - CH Total
6/24/99 2,340 430 389 819
6/25/99 14,405 1768 488 2256
6/26/99 16,772 815 353 1168
6/27/99 16,614 1630 549 2179
6/28/99 17,885 1768 1271 3039
6/29/99 17,147 1380 950 2330
6/30/99 17,605 1780 865 2645
7/1/99 17,504 1556 917 2473
7/2/99 17,876 1493 914 2407
7/3/99 16,221 1268 1040 2308
Totals 154,369 13888 7736 21624

COMPOSTING AT THE NCSU SITE

The steis normaly used to produce mulches from campus and municipd yard waste. The
compost mix at the NCSU ste consisted of food discards, partialy composted leaf mulch
from 1997 leef fdl, and ground, screened wood waste from campus landscaping (screened to
a1’ minus mesh sze). Figure 1 illugtrates the nature of the waste stream.

Figure 1

The bulking agent (leaf mulch and wood waste) was added to the food waste at
goproximately a5:1 volumetric ratio. Thisraio islarger than the typica vaue used in
composting (3:1) because North Carolina regulators required the windrows to be recovered
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after each turning to conceal exposed food wastes. As finished compost was not available to
cover the windrows, additiona wood waste or leaf mulch was used.

Wastes from each meal were dropped off on 6” wood mulch base, debagged, spread evenly
(contaminants removed), and covered with 67 layer of leaf mulch. Approximately 200

gdlons of water were added after each layer (food wastes & leaf mulch). Four meals (four
layers) were added to the mixing pad over two days. Materids were mixed with a Wildcat
Model FX 700 PTO Turner (pulled by Ford 9030 Tractor). Mixed materias were reformed
into awindrow on 6" layer of wood mulch with Ford 755A Backhoe Loader. Windrows were
covered with 3-4” layer of wood mulch (1’- ground and screened wood waste).

Three windrows were congtructed over the course of twelve days. As composting progressed
over the next severa weeks, the windrows were combined into one longer windrow. The
totd quantities of materials used in the compost mix are shown in Table 2:

Table2
Compogt Mix Materias (cubic yards)
Ingredient Windrow #1 Windrow #2 Windrow #3 Totd
Food Wastes* 52 7.2 31 155
Leaf Mulch 105 10.5 75 28.5
Wood Wastes 19 20.5 9.0 48.5
Water (gdlons) 1,750 2,520 1,020 5,290

*Food waste bulk density assumed to be 900 Ibs/cubic yard

Windrows #1 and #2 were turned six times between June 26 and July 21 before being
consolidated together. Windrow #3 was turned five times before consolidation. Consolidation
was needed to more effectively utilize the windrow turner. The consolidated windrow was
turned an additiona five times between July 21 and August 20. Water was added periodically
if the compost mix in the windrows did not pass the “ squeeze te” . Composting temperatures
at the NCSU site exceeded the regulatory reguirement of a minimum temperature of 131° F.
for 15 days. Figure 2 shows the average windrow temperatures a the NCSU ste aswell as
dally high air temperatures and rainfal recorded at a nearby weather sation. Unusualy cold
temperatures around July 12 significantly affected compost pile temperatures, however
temperatures rebounded over the next severa days to ensure meeting Process To Further
Reduce Pathogens (PFRP) requirements.
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Figure 2
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COMPOSTING AT ORANGE COUNTY SITE

The Orange County composting Siteis located at the Orange County Regiond Landfill in
Chapd Hill. The site was approximately 4,000 s.f. (40x100) and fenced to prevent
windblown litter from entering or leaving the Site.

Food wastes were removed from bags, spread out on a6” base of ground yard waste supplied
by the Town of Chape Hill, and inspected for contaminants. Because paper plates and cups
used at Lenoir Dining Hall were plastic coated (hence not fully biodegradable), they were not
included in the diverson program. Ancther significant difference in the compostion of food
discards from Lenoir Dining Hal is attributed to the incluson of unserved food from the
serving lines and food preparation aress.

After contaminant remova (mostly plastic cutlery), the food discards were mixed with the
ground yard waste base using a Bobcat 863 bucket loader and formed into a pile. The yard
waste bulking agent was added to the food discards a a volumetric ratio of approximately 2.5
to 1. A totd of 3 pileswere built over the course of the Summer Games. Each pilewas
approximately 8-9' wide, 14’ long, and 3-3.5 high. Following the attainment of the
regulatory requirement for minimum temperatures, the piles were combined. Fgure 3

depicts the nature of the food discards collected at Lenoir.
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Figure 3

Composting temperatures at the Chapel Hill site dso exceeded the regulatory requirement of
aminimum temperature of 131° F. for 15 days. Figure 4 shows the average windrow
temperatures a the Chapd Hill ste aswell asdaily high air temperatures and rainfall

recorded at a nearby weather station. The July 12 cold spell had less effect on these compost
piles as they were configured as Satic piles, with greater insulation characterigtics.

Figure 4
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COMPOST ANALYSIS
The compost piles completed the active composting phase by the end of August. The

composts were alowed to cure until the end of November. Composts were sampled and

and éged in accordance with the requirements of the North Carolina Solid Waste Compost
Rules’.

Tedting for foreign matter content was accomplished by drying the samples (EPA Method
160.3), weighing samples, and screening samples through a 0.25 inch screen. No foreign
matter was detected in either sample. Samples were partitioned and sent to three laboratories

3 NC Division of Waste Management, North Carolina Solid Waste Compost Rules, 15A NCAC 13B, Section
.1408(a) - (d)
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for anadysis North Carolina Dept. of Agriculture Agronomic Divison for nutrients, heavy
metds, soil testing, and Mehlich-3 Extraction for soil heavy metd's, Woods End |aboratory
for pathogen andlysis, and Soil FoodWeb, Inc. for microbiologica andyss. Anaytica
results are shown in Tables 3 through 6.

Table3
Waste Andyss Report
Parameter NCSU UNC Reg. Criteria
Chemica Condituents
(ppm, unless noted)
Tota Nitrogen 7484 7015
Phosphorus 594 925
Potassum 1356 2156
Cdcium 7299 7301
Magnesum 866 5888
Sulphur 550 792
Iron 9160 22473
Manganese 337 659
Zinc 51.5 55.7 2800
Copper 12.0 63.4 1500
Boron 28.8 52.8
Carbon 122385 82578
Sodium 433 854
Nickel 2.03 10.3
Cadmium 0.81 151
Lead 9.81 311
pH (units) 6.42 6.93
Soluble sAlts 68.0 111.0
C:N Retio 16.35 11.77
Dry Matter % 55.02 57.08
Table4
Soil Test Report
Parameter NCSU UNC
Soil Class Minerd Minerd
Humic Matter (%) 0.6 0.43
Weight/\/olume Ratio (gnvent) 0.56 0.73
Cation Exchange Capacity (meg/100cnT)  16.3 18.8
Base Saturation (%) 93.0 100.0
Exchangeable Acidity (meg/100cnT) 1.1 0.0
PH 6.7 7.0
Phosphorus Index 34-Medium 95- High
Potassium Index 282- Very High 111- Very High
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Cdcium (%) 69.0 79.0
Magnesum (%) 16.0 18.0
Manganese Index 92- High 504 -Very High
Zinc Index 317 - Veay High 241 - Very High
Zinc Availability Index 317 241
Copper Index 46 164
Sulphur Index 39 211
Sodium (meg/100cnT) 0.7 1.8
Table5
Pathogen Andysis
Parameter NCSU UNC
Pathogens - Sdmondla < 1.6 MPN/100 g < 1.4 MPN/100 g
Pathogens - Feca Coliform <4 MPN/100g <120 MPN/100 g
Table6
Soil Foodweb Anayses
Parameter NCSU UNC NOTES
Organism Biomeass Data
Dry weight (one gram) 0.51 0.6
Active Bacterid Biomass (ug/g) 8.3 134 Desired range: 20-50
Total Bacterid Biomass (Ug/g) 287 207 Desired range: 200-600
Active Fungd Biomass ug/g) 42.1 79.5 Desired range: 20-30
Totd Funga Biomass (ug/g) 107 111 Desired range: 100-300
Hypha Diameter (micrometers) 25 25
Protozoa (#/gm)
Flagdlates 8966 9588  Dedred range: 10,000+
Amoebae 11201 46201 Desred range: 10,000+
Ciliates 271 768 Desired range: 200-500
Tota Nematodes (#/gm) 33 10.9 Desired range: 20-30
Organism Reatios
Tota Fungd : Totd Bacterid Biomass 0.37 0.54 *see below for
Activeto Totd Fungd Biomass 0.39 0.72 I nterpretation of
Activeto Totd Bacterid Biomass 0.03 0.06 these results
Active Fungd : Active Bacterid Biomass 5.07 5.09
Pant Available N Supply
from Predators (Ibs/acre) 200-250 250-300
None None
Root- Feeding Nematode Presence detected detected
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INTERPRETATION OF FOODWEB ANALYSIS

Samples of both composts were submitted to Soil Foodweb, Inc. for an analysis of
their microbid activity. Not arequired testing parameter, the foodweb analysisisan
emerging technique that assesses the diversity of microorganismsin compost as an indicator
of overdl quality and maturity. Active bacteria and active fungd biomass indicate the
activity leve of these organisms present in the compost, suggesting degree of maturity.
Generdly, activity above 0.10 indicates immature piles, aslong as heating cycle has been
achieved. In these 2 compodts, the bacteria activity was at the desired level for mature
compost (0.03 for NCSU and 0.06 for UNC). Both composts had more active fungi than
active bacteria, however, suggesting the compost was in the maturation phase but not yet
stable (0.39 for NCSU and 0.72 for UNC). Both composts were more bacteria than fungd,
indicating they would be most suitable for gpplication to row crops and grasses, wheress if
the composts were more fungd than bacteria, they would be more suitable for berries,
shrubs, or trees. The composts both possess good nutrient cycling and lots of plant-available
Nitrogen, based on the numbers and diversity of predator organisms. Although there were no
root-feeding nematodes found in either compost, the numbers and diversity of other
nematodes was lower than desirable.

COMPOST UTILIZATION

Finished compost from the project was used in locd planting projects. In Raeigh, the NCSU
compost was used at NCSU’ s J.C. Raulston Arboretum and around the Bell Tower on central
campus. The UNC compost was used by the Town of Chapel Hill for new planting beds at
its Community Center, in Durham a S.E.E.D.S. community garden, and at North Chatham
Elementary School in its educationa gardening curriculum.

PROJECT ANALYSIS

Implementation of thisfood discards diversion and composting project required coordination
with alarge number of people, organizations, and governments. As with any waste
management project, there were severa areas where implementation was successful and
severd areas where improvements could be made.

The 40-gd. Zarn carts with recycled-content plastic bag liners were an effective means of
moving food discards through crowded dining halls during the Games. Using volunteers and
training dining hall saff to control separation of food discards at diversion stations grestly
reduced the contamination with non-compostables. The use of 15-foot box trucks with lift
gates were an efficient means of transportation for filled food discard containers, but smaler
trucks could have served the purpose as well. No incidents of spillage or leakage were
reported.

At both composting sites, the composting process worked extremely well, with no problems

reported with vectors or vermin, nor with odors. The composting mix recipes used, while
different at the two Sites, were successful in railsng composting temperatures to the
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thermophilic range quickly, and both sites met the regulatory requirements for pathogen
destruction.

PROJECT COSTSBENEFITS

Project costs for food discards composting include costs incurred by the GOC and costs
incurred by outside sponsoring and cooperating organizations. Datais only available for
those cogts incurred by the North Carolina Division of Pollution Prevention and
Environmentad Assstance:

Subcontractor services $16,140.00
Food discard collection carts 2,263.73
Labelsfor containers, Sgnage 4,189.12*
Container liners 396.71
Brochure color copies 742.00
Volunteer buttons 121.90
Compost testing (estimate) 500.00
Total composting project costs $ 24,353.46

*(includes recycling bins for plagtics, paper, and duminum)

These costs dso do not include the “labor costs’ of the volunteer pool working on the
composting project. The 62 volunteers working on the project invested about 900 persor+
hours of time. With sufficient lead time and planning, the costs for labeling and signage can
be grestly reduced (the costs shown above reflect rush charges to meet rigid deadlines). The
brochures to educate athletes, coaches, and delegation ass stants could be done without
incurring color photocopying charges. The above costs dso do not reflect the actua cost of
composting equipment, except what isincluded in subcontractor services for the UNC-CH
dte. The cost of composting equipment at the NCSU site was absorbed by the existing
operation.

The cogs for composting food discards at the Specid Olympics were extremely high relative
to norma cogts for food discards composting. The mgor reason for this was due to the lack
of afood discards composting infrastructure in North Carolina. Had there been an exigting
facility that could have taken these specia event wastes in addition to normaly-diverted food
discards, the operational and capita costs would have been much lower.

In North Carolinaand beyond, this project set an important environmenta management
precedent. Benefits of the project go beyond the successful diversion of nearly 11 tons of
food discards from North Carolinalandfills. Perhgps the most important benefit isthe
ingtitutional knowledge of food discards composting gained by the Games Organizing
Committee and the hogting universities. This acquired knowledge, including identification of
barriers to composting a major internationd athletic events, enables Specia Olympics and
other organizers to pursue composting at future events with ahigher level of confidence and

efficency.
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THE MCPLANT MASTER COMPOSTER VOLUNTEER PROGRAM IN
CHARLOTTE, NORTH CAROLINA:
STOP PREACHING TO THE CHOIR, TURN THE CHOIR INTO
MISSIONARIES

By Don Boekdheide and Ann Gill
Charlotte-Mecklenburg Waste Reduction
Charlotte, North Carolina

ABSTRACT

Master Composgters, modeled on Cooperative Extension’s successful Master Gardener program, are
volunteers who recaive specid training in exchange for community service. Charlotte, North Carolina,
used an innovative approach to prepare their first group of Master Composters in Spring 2000, funded
by an SWRAG grant from NCDENR. Charlotte's program combines advanced home composting
education with training in grasscycling, soil sewardship, vermiculture, reducing toxic chemica use,
xeriscgping, landscaping with native and environmentally appropriate plants and community organizing
and presenting skills. Charlotte's curriculum for training their Master Compogers - known as
MCPLANT volunteers, for ‘Master Composter/Piedmont Landscaping and Naturescaping Training' -
is solidly based on loca experience and conditions. It dso draws on excellent programs throughout the
US and abroad, including Alameda County, Cdifornia; Seeitle, Washington; and the state programs of
Texas and Georgia Charlotte's first 17 MCPLANT volunteers are now designing and implementing
independent service projectsto fulfill their service requiremen.

INTRODUCTION

Environmentally sound resource management requires more than technological advances - it demands
changes in human behavior as well. This is especidly true of programs such as home composting and
resdentid recycling that encourage individuas and families to change the ways they view and dispose of
household 'garbage. Program managers must provide communities with on-going information and
support, particularly when the god isto replace deeply entrenched patterns with beneficid dternatives.

One promising approach that requires a change in behavior is home composting. Research has
demonstrated the benefits and cost effectiveness of home composting programs (EHMI, 1996; Renkow
and Rubin, 1996; Sherman, 1996). However, even the best composting brochure will not suddenly
enable citizens to see ‘black gold’ after years of seeing ‘yard trash'. To bring about sustainable change,
resdents need education and support, even for proven and user-friendly techniques such as home
composting. Paid staff can provide this type of assistance. However, the need to reach large numbers of
people, dong with the growing interest in home composting, can soon overwhem even the most
dedicated daff. A 'master composter' volunteer program, modeled on the Cooperative Extenson
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'master gardener' program, provides a credative and cost-effective way to extend the reach and
effectiveness of resdentiad waste reduction programs.

THE MASTER GARDENER PROGRAM

In 1972. Dr. David Gibby, Cooperative Extenson horticulture agent for King and Pierce Counties
(Sesttle, Washington), was overwhelmed by requests for information about gardening. His efforts to use
the media to answer questions smply seemed to increase the number of telephone cals. Gibby had an
inspiration: Could he recruit experienced home gardeners to answer the public's questions as volunteers,
in exchange for specidized training in horticulture? With other extenson staff and help from Washington
State Universty faculty, Gibby designed a training program. Gardeners eagerly signed up, and 120
enrolled in the first sesson in 1973. After graduation, the volunteers, christened 'Master Gardeners by
Gibby, began answering phone questions and offering talks, demongtrations and plant clinics. In ther
first year, the master gardeners served more than 7,000 clients. Today, according to Master Gardener
Internationd, forty-five dates, the Didrict of Columbia, and four Canadian provinces offer Master
Gardener programs. Master Gardeners staff horticulture hotlines, coordinate environmenta and planting
projects, run demonstration gardens, do research, manage public and community gardens, act as
docents, work with school groups and senior centers, publish newdetters, and broadcast radio and
televison programs.

Master Gardener programs vary widdy from State to sate, but the foundationd idea remains the same:
Experienced hobbyist gardeners receive training lasting from 30 to 120 hours, providing solid technica
and scientific knowledge to supplement their practicad know-how and satisfying their desire to know
more about subjects they find fascinating. In exchange, they agree to gpply their knowledge as
volunteers, serving a set number of hours of community service. Once trained, Master Gardeners often
reman active. In some cases, Master Gardener groups continue to provide sound research-based
horticulturd advice to communities even after budget cuts force closure of Cooperative Extension
offices.

MASTER COMPOSTER PROGRAMS

The success of Master Gardeners inspired creetion of other smilar ‘'master volunteer' programs. A little
over a decade after launching the first Master Gardener program, the Sesttle area witnessed what may
be the firda Master Composter program in the mid-1980s, a cooperative effort of Cooperative
Extensgon, County Waste Management and the Washington State environmenta organization Tilth.

Dr. John VanMiert wrote the program training guide, which has provided a model for Master
Compogter programs since (Van Miert, 1991). Similar to the Master Gardener program, the Seettle
Master Composter program required 30 hours of volunteer service in exchange for training. VanMiert's
curriculum covered fundamenta composting science (aerobic and anaerobic  decompostion),
agriculturd and horticultural uses of compodt, hedth concerns, the history of composting, compost
materias compaosition, practical compogting methodology (such as windrows, piles and pines, layering,
optimum moisture and aeration, insect control, and so on), and vermicomposting.
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Master Composter programs spread quickly to other parts of the US and Canada in the late 1980s and
early 1990s. Some were administered a community leve, like the origina Master Gardener program,
others at the state level. Today, scores of programs are active, and Texas Master Composter Mary
Tynes has crested a very useful webste for North American Master Compogers.
WwWW.mastercomposter.com.

According to Tynes, Master Composter programs generdly require 15-24 hours of traning. This
traning is mogly classroombased, with some self-study. Certification requires completion of 20 to 100
hours of volunteer service. Service opportunities include maintenance of demonstration Sites, speaking
about or teaching composting, giving neighborhood demondrations, creating visud teaching ads, giving
puppet shows to kids, building compost bins for schools, and other activities that further composting
education. Tynes dte offers an on-line Master Composter self-study curriculum for people in aress
without a program, athough she stresses the advantages of participating in aloca program.

Why Master Composters?

Master Composter programs are popular for good reason. To succeed, resdentid composting
programs must provide education and support to members of the community. If recruited carefully and
trained conscientioudy, Master Composters are ideal for this purpose. They can reach people a a
grassoots level with projects desgned to demondrate successful composting. In their own
neighborhoods, they can lead by example. They can provide needed staffing for bin distributions and
other events, and can help create and maintain compost education and demonstration gardens at
museums, schools and parks. They can assst daff in evaduatiing home composting srategies and
techniques. Master Composters aso provide an invauable 'sounding board' for staff ideas, aswell asa
source of articulate public support for environmentaly beneficia and sensible public policy.

Master Composter programs are not expensgive, requiring investment in training and materids rather than
in expendgve land and equipment. If managed effectively, and with the right volunteers, such programs
can generate sdf-sugtaining groups of trained individuals who provide a pool of expertise for public and
private composting and recycling initiatives. The persond contacts Master Gardeners have with private
and public agencies and decison makers, through work and community activities, can be very vauable
inrasng awareness of the vaue of composting and source reduction.

Master Composter Moddls

Among the many excellent Master Composter programs that now exist, severd stand out as modd s that
Mecklenburg County found especidly vauable in setting up its first Master Composter program. Thisis
by no means an exclusve lis: The mastercompoger.com webdte has links to other outstanding
programs. Like Master Gardener programs, Master Composter programs vary in both objectives and
gructure. Since Mecklenburg County's program focuses on residentia composting and environmentally
beneficid yard and garden techniques, most of the programs this paper discusses share that focus. This
brief overview includes a couple of interesting dternatives as well.
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Alameda County, California

Alameda County, Cdifornia, a large urban county in the San Francisco Bay area, offers Master
Compogter training annudly in the spring . The class covers composting, organic gardening, and public
gpeaking. Participants take part in classroom presentations, field trips, congtructing compost bins and
practice in presentation and organizing skills. VVolunteers provide 50 hours of service, teaching others to
compog, in exchange for the training. The program places a unique emphasis on individua projects and
support for budding entrepreneurs. Alameda County’s recycling and waste reduction program runs the
Magter Composter program completely independently from Cdifornia Cooperative Extension. The
Alameda County webgte is an invauable resource for home composting and Master Composter
programs. Their excelent traning curriculum is now available on-line, dong with other documents,
including the county's interesting study on home composting in Alameda County (see web resources).

Seattle's Master Composter Program

The Seattle Master Composter Program has played an important role in the city's waste reduction and
recycling efforts for more than a decade. Currently, the program teaches people how to compost food
waste and yard waste, and how to use green gardening techniques such as water conservation and
minima pedticide usage. After training, Seettle Master Compogters ‘pay’ for ther training by donating
40 hours of volunteer work to promote at-home composting through workshops and demongtrations,
leading tours, and participating in loca school projects and community events. Notable in Seattle's
goproach is the recognition that home and community composting addresses not just waste reduction,
but agriculturd sustainability and environmenta protection as well. Seettle's program organization is a
mode for other regions, snce Cooperative Extenson, Waste Management and the environmental and
agricultural organization Tilth work cooperatively on the program. This synergy may be one of the
reasons Sesttle€'s program is among the most effective in the nation, with over 60% of households
reportedly participating in home composting, compared to a nationa average of about 16% (Sherman,
1996).

Georgia Satewide Program

In Georgia, the date's Depatment of Community Affairs took advantage of an Environmenta
Protection Agency grant in 1992 to create the firs statewide Master Composter program in the US.
Georgia Cooperative Extenson Agents Wayne McLaurin and Gary Wade created a handbook for use
with trainings. The program helped creste a number of exemplary home compost display stes, including
one a Fernbank Science Museum in Atlanta that continues to be an attractive and crowd-pleasing
exhibit, now (September 2000) featuring native plants and habitat gardening as well as composting and
vermiculture disolays.

The Composting Council National Backyard Composting Program



Planning and Developing
Session

The Composting Council designed their 1996 Nationd Backyard Composting Program Training
Manud for intensve workshops held over two or three days. The program's target audience is
educators, community leaders, public works personnel, planners and recycling coordinators. The
traning's god is to enable participants to plan and implement a home composting program tailored to
community needs. The Composting Council is a private group that works to encourage composting. The
training manud is a useful resource for Master Compodter trainings, Snce it covers avariety of topicsin
a succinct format, including practicd and scientific agpects of composting; project planning and
organization; education and outreach; bin give-away programs, program promotion and evauation.
However, it must be adapted for Master Composters, since it focuses on paid staff work at the city or
county leve, rather than on neighborhood volunteers. The resources section is especidly valuable,
though it does not contain web-based contacts.

South Carolina: A different approach

South Carolinas Clemson Universty Cooperative Extenson in York County chose a somewhat
different approach to master volunteer servicee Their program has traned 'Master
Composter/Recyclers, who work to encourage recycling and paper waste reduction as well as home
composting. Ther training program spends only a single sesson on composting, concentrating instead
on other aspects of waste reduction and on outreach and presentation skills. Montgomery County,
Maryland, uses asimilar ‘Master Recycler/Composter' approach.

Maine 'macro’ Master Composter training

In some cases, 'Master Composter' training focuses on large scale rather than residentia composting.
For example, The Universty of Mane, in conjunction with Germany's Universty of Bremen and
Augrdias RMIT Universty, has offered three day a Compost Masterclass covering skills needed to
manage large scale municipa and commercia compogting. The cogt is $750 AUD. More information
about Maines Composting School is available a www.composting.org. John Cline of Amaranth and
Associates offersa smilar program in Nova Scotia, for agmilar fee. In the view of the authors, thistype
of higher levd 'Magter Compogter' program is highly beneficid for professonas working with large
volume composting operations, though neither necessary ror appropriate for most Master Composter
volunteers working in the community. Conversaly, backyard-oriented programs cannot be expected to
train composting professionds to manage composting on alarge scae.

MECKLENBURG COUNTY, NORTH CAROLINA, PROGRAM HISTORY

The roots of Charlotte’s home composting program go back to January 1990, when Martin Webster of
the 'Rle-it Project’, a citizen-based home composting initiative, advocated a county home composting
program. Brenda Barger of County Engineering's Waste Reduction began working on the program in
1992, when Cary Saul of Solid Waste Management named her to a newly organized Mecklenburg
County Backyard Composting Education Team. Cooperative Extenson Agent Ted Cauddl and Master
Gardener volunteers joined the effort in 1993, working with Steve Elliot, ‘Compost Centrd’s ste
manager, to create a 0.3 ha (3/4 acre) home composting demonstration ‘ Compost Garden’ at Compost
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Central, the county's central yard waste processing site. In 1994, Don Boekelheide, a returned Peace
Corps agriculture volunteer hired as a consultant, set up 'Peace Corps-styl€ hands-on two hour home
composting workshops for resdents, with brief discusson of grasscycling, held outdoors in the
Compost Garden (Boekelheide, 1998). These workshops proved very popular. Workshops cost $5,
and each participant received awire bin at the end of class. Boekelhelde and County Waste Reduction
partnered to write a SWRAG grant in 1997 to expand the program through a series of compost
demongtration fairs and bin distributions.

Shortly afterward, in late 1997, Ann Gill joined the program as full-time coordinator for Waste
Reduction. Shortly after her arrival, home composting classes moved from Compost Centra’ s Compost
Garden to environmenta science centers in Mecklenburg County Parks, to provide less rugtic
conditions and to better serve the public by offering classes a severd locations around the county. At
the same time, classes expanded to 4 hours, retaining the hands-on composting component and adding
information on grasscycling, soil testing, pesticide and fertilizer dternatives and safety, and landscaping
with native and traditiond non-invasive plants. These workshops are now caled ‘PLANT’ classes (for
‘Piedmont Landscaping and Naturescaping Training'). They have proven as popular and successful as
the original workshops. Participants till receive a bin, dong with awedth of printed materids, dthough
the registration fee is now $10.

Home composting problems and possihilities

The success of the county home composting program lead to a number of chalenges. How could the
county satisfy the increasing demand for home composting information, but gill work within a limited
budget? How could the program meet staffing needs for specid events and demonstrations? How could
the composting program be as sure as possible that al program ingtructors and presenters would give
reliable, research-based and consstent information on best composting practices? And how could the
program encourage effective cooperative relaionships among different agencies and inditutions in the
public, private and non-profit sectors?

A Master Composter program seemed to offer an idea answer to these chalenges, given a number of
conditions. Firg, the program needed 1 create a 'date of the art’ curriculum and training tailored to
local conditions and designed to support Mecklenburg County's program. Second, the firgt recruits for
the program needed to be highly motivated community members with solid knowledge of at least one
component of the PLANT program. Idedly, trainees also would reflect the culturd diversity and ditinct
communities, regions and organizations found within our large county and the city of Charlotte. Findly,
snce this program would be afirgt for the county, the design needed to be flexible enough to change in
response to experience and new ideas, yet strong enough to provide a foundation for sustainable
SUCCESS.

Materias, methods and approach

67



Planning and Developing
Session

The Mecklenburg County Master Composter/Piedmont Landscaping and Naturescaping Training
(MCPLANT) volunteer program took shape over about 1 1/2 years of planning and implementation,
beginning with research on exising Master Gardener and Master Compogter program around the
United States and Canada. The programs profiled in the introduction, especidly the Alameda County
program (for structure and overdl orientation) and the Sesttle program (for curriculum content), were
particularly important models.

MCPLANT planners began with an inventory North Carolina Master Composter programs started by
Cooperative Extension in the early 1990s. Unfortunately, around the state, dl but a handful have
completdy disgppeared at the county leve, dthough interest remains high in many aress. Charlotte's
new program, however, was able to benefit enormoudy from generous help and guidance provided by
NC State Cooperative Extenson daff in Raegh who were insrumental in setting up the earlier
gatewide program. These include Rhonda Sherman, who played a key role in aregting the curriculum
for both the state program and for the Composting Council, and Larry Bass, principa author of North
Carolinas Coop Extension home composting brochure.

Funding

Mecklenburg County Engineering Waste Reduction sought funding for the program through a $9000
Solid Waste Recycling Asssance Grant (SWRAG) from the North Carolina Department of
Environment and Natural Resources (NCDENR). The SWRAG grant required matching support from
the grant recipient. County Engineering provided the match, and dso recelved vaduable in-kind
assigtance from County Park and Recreation's Environmental Education Program, and at least an initid
commitment from loca Cooperative Extenson (see Discusson). The SWRAG grant has a category
expressy amed at backyard composting, believing it represents 'a low cost method to increase
diverson and potentidly improve the public’'s perception of loca waste reduction programs.
NCDENR's support was indispensable and highly vaued by project staff.

Satement of philosophy, goas and objectives

Boekelheide served as training and curriculum designer and lead facilitator for the training. Influenced by
Peace Corps and Cooperative Extension practices, he worked with Gill and, later, MCPLANT trainees
to create a clear statement of philosophy, goa's and measurable learning objectives (Tables 1, 2 and 3).

Asthe gods and objectives make clear, there is more to this gpproach to home composting than smply
making alesf pile in the yard. Instead, home composting is one eement in an ecologicaly sound, waste
reducing and aesthetically appedling approach to residentia landscaping and yard care. MCPLANT
volunteers have a broader role than smply encouraging home composting - they aso work to support
grascycling, soil stewardship, and lowering the amount of potentidly toxic chemicas and pollutants
from non-point sources such asresidential neighborhoods.
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Table 1
MCPLANT PHILOSOPHY

1. The foundation of MCPLANT training is practical experience, supported by
the best available research-based literature on composting and ecological
gardening.

2. MCPLANT volunteers and program organizers practice what they preach,
beginning by composting at home.

3. MCPLANT training is not simply to help participants acquire knowledge, but
to empower them to make a positive difference through community service.

4. The most effective way to learn about composting and other gardening and
environmental skills is ‘hands-on’ by doing, seeing and discussing, not by
simply listening to lectures and reading articles.

5. Adults can effectively manage their own learning, and MCPLANT training
must empower participants to set their own goals and objectives,
independently research topics, and contribute directly to learning activities.
Given this reality, and acknowledging that many potential topics possible in
this class, facilitators ask participants to ‘buy into’ and focus on the learning
objectives for this training. Other topics represent opportunities for future
projects and learning.

6. The MCPLANT program welcomes and encourages innovations and
creativity in independent projects. All projects should, however, fit with the
environmental and cultural realities of Mecklenburg County and be based on
an accurate understanding of composting science and ecology.

7. MCPLANT volunteers should ‘look like’ Charlotte: MCPLANT encourages
diversity in age, gender, culture, income level and neighborhood location.

8. The MCPLANT program must be ‘sustainable’: The MCPLANT program
must be able to keep going in the future on its own, even without further
support from the county or state (though such support is very desirable).

9. No work is more important than bringing humanity back into harmony with
nature: Composting and environmentally sound gardening are important
tools in this deeply rewarding endeavor.

Curriculum and learning sessons
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The curriculum, influenced heavily by Peace Corps 'hands-on' philosophy and by the 'project’ approach
used successfully in Alameda County, sressed active involvement rather than classroom lectures.
Participants built and observed a number of compost piles, made and maintained (and continue to
maintain) vermicomposting bins, and got out of the classsoom for fied trips and outdoor learning.
Participants also helped to facilitate sessonsin their areas of expertise. A topicslist isprovided in Table
4.

Gill managed the logidtics of the training, arraigning meetings a Reedy Creek Environmenta Center, an
ided location provided by Mecklenburg County Park and Recreation. The program provided smple
box lunch dinners, so classes could begin at 6:30 PM. Learning took place over 10 weeks in the early
spring, February through April, with regular 2 hour class meetings on Thursday evenings. The group so
met 4 times on Saturday morning for field trips and other activities. For example, on one outing, trainees
vidgted Charlotte's Compost Centrd large scae composting

Table 2
MCPLANT GOALS

1. Enable participants to develop skills and knowledge they need to encourage
home composting in the Charlotte region:

1.1 Teach participants about composting science; vermiculture; organic
and environmentally sound landscaping and gardening techniques;
safe management of products used in the home and garden; and
about the ‘big picture’ of how home composting and related
techniques fit in with larger strategies to reduce and manage waste.

1.2 Give participants guidance and practice in effective teaching and
presentation skills.

1.3 Give participants guidance and experience in effective community
organizing, publicity and project planning.

1.4 Encourage entrepreneurially minded volunteers to explore small
business possibilities involving composting, vermiculture and
environmental landscaping.

1.5 Enable teacher volunteers to create hands-on science lessons (as
well as in other subject areas) using composting, vermiculture and
environmental landscaping.

2. MCPLANT training and the MC program will raise awareness of home
composting in Charlotte-Mecklenburg, and encourage more people to
compost and adopt environmentally friendly garden techniques.
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3. MCPLANT training will ‘graduate’ 17 trained volunteers in the first class,
gualified to assist the county home composting program in training,
outreach and publicity.

4. MCPLANT training and the MC program will be self-sustaining, and
members will continue to meet and work to encourage home composting in
the future.

yard; on another Saturday, volunteers helped distribute compost bins at a ‘truckload sa€' of Earth
Machine composters organized by the county.

Recruiting

Gill handled recruiting for the program, with help from Boekeheide, using aform based on onesused in
Alameda County and Seettle. Two of the participants were dready serving as PLANT trainers for the
county. Since the objectives set high standards, the program looked for top quality candidates. A total
of 17 were chosen to become Mecklenburg County's firs MCPLANT volunteers. Since this was a
pioneering training, participants did not pay afee.

Results MCPLANT accomplishments

All 17 MCPLANT volunteers successfully completed training and graduated from the program, and are
now actively working on projects and continuing to participate in MCPLANT activities.

Table 3
MCPLANT LEARNING OBJECTIVES

Graduates of the MCPLANT program will be able to:
1. Make and maintain a home compost pile, beginning with leaves and other
garden debris and ending with finished compost:
1.1 Present an accurate explanation of the composting process, based on
scientific research
1.2 Explain the process of making a pile correctly to others
1.3 Troubleshoot common problems in piles
1.4 Demonstrate ways to compost kitchen scraps
1.5 Demonstrate and explain alternatives to composting, such as leaf
mulching and ‘sheet composting’
1.6 Demonstrate how b add compost to improve garden soil (including
demonstrate ‘double digging’)
1.7 Identify finished compost
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1.8 Suggest best choices for compost bins and techniques for given
situations

1.9 Recommend resources, books and websites useful to home
composters, especially beginners

2. Make and maintain a successful worm composting (vermiculture) bin, using
an adaptation of Mary Appelhof’s technique or an alternate approved by the
facilitator

2.1 Make a worm bin and set it up properly

2.2 Keep a worm bin successfully, and harvest castings

2.3 Advise others on how to set up and maintain a worm bin

2.4 Troubleshoot problems with home worm bins

2.5 Recommend books and resources for home worm composting

2.6 (Optional): Design, set up and manage worm vermicomposting units for
small businesses

3. Offer accurate and helpful advice about environmentally friendly landscaping
and organic gardening techniques, applied to the Charlotte region, on the
following topics:

3.1 Plant choice

3.2 Mulching and ‘living mulches’

3.3 Organic vegetable gardening

3.4 Local soils and soil testing

3.5 Environmentally friendly lawn care and lawn alternatives, including
ground covers

3.6 Water saving strategies

3.7 Putting it all together: Naturescaping, Permaculture, and other new
ideas

3.8 Wildlife gardening

3.9 Working with organizations and communities to create sustainable

and environmentally sound public landscapes

4. Offer helpful and accurate information on environmentally safe alternatives to
garden and household chemicals, and on safe and most effective use and
disposal of garden and household chemicals:

4.1 Alternative pest and disease controls-cultural and biological

4.2 Safe and appropriate use and disposal of garden and household
chemicals:

4.2.1 fertilizers and lime

4.2.2 insecticides, herbicides and other pesticides

4.2.3 other hazardous materials commonly found in homes (treated wood,
paints, gasoline)
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5. Lead a composting workshop (or other activity approved by the teacher)
5.1 Use presentation techniques that keep people actively interested
5.2 Describe the experience of leading a class in a brief report

6. Create an effective community project encouraging composting and other
environmentally sound options in a Mecklenburg County neighborhood, school
or community group (entrepreneurial options welcome):

6.1 Research and plan a service project, and present the plan to the

MCPLANT training

6.2 On the basis of feedback from the training group, revise and present a
final plan to the facilitator
6.3 Implement the project, and successfully see it through to completion
6.4 Report project results in a form useful to Mecklenburg County and
other MCs and MC programs

Qudity ingruction for the generd public

Graduates of the MCPLANT training now lead al Mecklenburg County PLANT classes for resdents,
meaning that dl indructors have participated in a carefully designed program to build technicd and
presenting sKkills. In addition, MCPLANT volunteers have actively served as resources for other
community projects. By teaching home composting part of a ‘package of environmentaly sound
landscaping techniques, MCPLANT volunteers encourage other beneficial outcomes, such as reduced
pesticide use and improved water qudlity.

Table 4
MECKLENBURG COUNTY MCPLANT TOPICS

Session 1 (Thursday): FIRST STEPS (INTRODUCTION)
Session 2 (Saturday): HANDS-ON COMPOST MAKING WORKSHOP
Session 3 (Thursday): COMPOST SCIENCE: WHAT, HOW AND WHY

Session 4 (Thursday): FROM THE GROUND UP: SOILS AND COMPOST
USE

Session 5 (Saturday): OBSERVE AND ASSIST WITH PLANT
WORKSHOP FOR THE GENERAL PUBLIC

Session 6 (Thursday): VERMICOMPOSTING WORKSHOP

Session 7 (Thursday): SOUTHERN SPRING SHOW
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Session 8 (Saturday): COMPOST CENTRAL FIELD TRIP AND TOUR
Session 9 (Thursday): NATIVE PLANTS AND NATURESCAPING
Session 10 (Thursday): WATER QUALITY AND TOXICITY REDUCTIONS

Session 11 (Saturday): COMPOST BIN SALE AT MERCHANDISE MART
(ASSIST)

Session 12 (Thursday): ENVIRONMENTAL AND ORGANIC GARDENING
(VISIT TO LEAD FACILITATOR'S HOME GARDEN)

Session 13 (Thursday): PUTTING IT ALL TOGETHER (PROJECT
PRESENTATION)

Session 14 (Saturday): NATIVE PLANTS IN CONTEXT(VISIT TO UNCC
BOTANICAL GARDEN)

Outreach projects

Each volunteer created and is working on a persona outreach project to encourage composting and
other environmentaly beneficid wadte reduction drategies. They received a commercid compost bin
and made a vermicompoging unit. MCPLANT volunteers are actively vermicomposting and
composting a home, helping research the most practica and effective residentid system for composting
kitchen scraps (Table 5).

Program sustainability

The MCPLANT program has taken promisng steps toward independent sustainability, and has
continued to meet following the training. In addition, the county has funded a second MC/PLANT
training for winter 2001. The MCPLANT project is attracting word- of-mouth and media atention. This
will continue to grow as MCPLANT volunteers began to make an impact in the community and

beyond.

Table 5
MCPLANT VOLUNTEER PROJECTS

Set up worm and composting projects at schools, 4H and scout camps (in
Hamlet, NC)
(Shari Beale)
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Design and facilitate MCPLANT  training  (Don Boekelheide,
facilitator/participant)

Set up community compost demonstration site (Priscilla Crawford)
Bin construction and demonstrations in schools and community (Paula Fraher)

Develop activity and exhibit on water quality, pesticides and fertilizers (Kim
Garrett)

Offer seminars in composting at garden centers (Jim Gertes)

Work on 'WAIT' program, which encourages businesses to convert 'manicured’
grounds to sustainable, environmentally sound alternatives (Tim Gestuicki)

Organize and manage MCPLANT program in Mecklenburg County (Ann Gill,
facilitator/participant)

Begin a composting club in the community (Chris Heeley)

Assist in design and compost consulting for church horticultural therapy program
(Tom Long)

Teach PLANT program: Start native plant and composting program in area
schools
(George Morris)

Research and test different alternative materials for composting (Gerard Neau)

Advocate composting on citizens advisory board on residential waste
reductions and recycling (Hans Plotseneder)

Teach PLANT program: Design naturescaping plan for suburban yard: Help
create third grade composting curriculum (Mary Stauble)

Set up institutional food waste composting unit at university dining commons
(Gail Thomas)

Set up composting display and curriculum at local school: Assist with third grade
composting curriculum (Cynthia White)

Design and create native plant and wildlife naturescaping project at inner city recreation
center, with teaching program (Charles Yelton)

Handouts, curriculum and materias
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The program developed handouts, lesson and activity plans, and facilitator's notes. The facilitator is
revisng these for the 2001 MCPLANT dlass. When this materid is edited and in a suitable form, the
program plans to put the information on line as well as to make the documents and curriculum available
to other State agencies.

WASTE DIVERSION

Since MCPLANT focuses on building human capacity, by training volunteers who can teach neighbors
composting and encourage changes in behavior that reduce wagte, a tonnage estimate is not the best
way to measure impact. Although a sngle home composter may have only amodest impact on reducing
solid waste, the cumulative impact of the MCPLANT program over time is more sgnificant and
important. Each additiond composting family adds up to additiond waste reduction. Such ‘ripple
effects are the most valuable contribution MCPLANT makes to reducing the waste stream.

MCPLANT volunteers will use 15 commercia units and 15 worm hins a their homes or offices. A
sgnificant percentage (estimated 25%) of their composted materid will be difficult-to- process kitchen
scraps. The MCPLANT graduates are adso essential for continued success of the PLANT program,
which now reaches gpproximately 500 households per year. Overdl, this represents a conservative
edtimate of 1030 cubic meters (appx. 1442 cubic yards) of diverted materid, in addition to other
beneficid impacts on grasscycling and lower water, fertilizer and peticide use. While this amount is
relatively smdl in absolute terms, it represents a very cost effective investment (>$6 per cubic yard
diverted, based on the grant amount), as well as a program whose impact will continue to grow as more
and more households began to compost successfully.

DISCUSSION

The MCPLANT program has proven popular and extremey successful in its early stages, and
participants and facilitators gave the training a high rating. All sessons went very well, with a variety of
activities and many opportunities for active learning and involvement. MC Trainees are now able to
provide accurate information on composting and other drategies for reducing waste. Beyond this,
PLANT resource volunteers are continuing to contribute to waste reduction, both through their projects
and their informed involvement in their neighborhoods, work places and civic organizations. Beyond
these posgtive overal results, the project was a learning experience. There were both unexpected
positive devel opments and unanticipated chalenges to program success.

Qudlity volunteers

The rich backgrounds of the trainees made a pogitive impact on training. One is a ranking member of
our regiond recycling board, another is head of the Wildlife Federation local office, another is a
community development office with Bank of America, yet another leads recyding efforts a the
Universty of North Carolina, Charlotte. Two are Master Gardeners. The varied backgrounds and
contacts of participants opened many opportunities for networking and building indtitutiona support
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from within local groups and agencies. We were very lucky to have such an extraordinary group of
skilled but patient and supportive volunteers who enrolled in the program.

Participant reponghilities

The MCPLANT program changed requirements regarding participant projects between the time of the
grant gpplication and the beginning of the training. Instead of requiring participation in projects like
testing home compost bins, we asked trainees to put their energy into a project of their own choosing
and design. In part, this change came from discussons in Alameda County, Cdifornia, where a 'project’
gpproach has worked very well. Empowering adult volunteers to creste their own project, with review
by facilitators and fellow trainees, is a powerful tool for encouraging involvement and participation.

Readings

Instead of relying solely on handouts prepared by staff, or taken from other publications, MCPLANT
used a number of readily available books as ‘texts for the class. One of the best is Sara Stein’'sNoah' s
Garden: Restoring The Ecology Of Our Own Back Yards (Stein, 1993). Other excdlent texts
induded Easy Composting (Ball and Kourik, 1992), and Worms Eat My Gar bage (Appelhof, 1997).
Materids from the Brooklyn Botanicd Gardens were dso very useful. These wel-written books
provided awonderful starting point for discusson and involved learning.

Recruiting lessons

MCPLANT may extend the gpplication period and do more active outreach to ensure cultura diversity
that reflects our community. In addition, teachers did not volunteer for the firsde MCPLANT training,
though the program made a specid effort to reach out to teachers. However, in view of experience with
the firgt training, a specificaly designed program for teachers might be a better Strategy than trying to
include educators in ‘regula’ MCPLANT trainings. Being able to concentrale on community
development in the MCPLANT classes, rather than on K-12 education requirements and issues, helped
the classes stay focused. Mecklenburg County Waste Reduction is now cregting a specific curriculum
package for dementary schools. Training selected teachers in this curriculum and supporting ‘'mode’
school programs may be agood way to put MCPLANT in the classroom in the future.

Longer duration and more hands-on training for workshops

For the next training, MCPLANT may increase the number of workshops by 2 to 4 sessions (to atotal
16 to 18 sessions, or from 28 to 36 hours) to alow for more participant-lead programs and a less
frantic pace. In addition, training activities focused on native plants and toxicity reduction took the form
of classroom lectures. Making these more hands-on will improve future classes.

Cooperation with local Cooperative Extension
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In contrast to excdlent help from NC State Cooperative Extension in Raeigh, Mecklenburg County
Cooperative Extenson chose to neither participate in nor support the MCPLANT program. Current
Mecklenburg County Master Gardeners were not encouraged to attend the training and were not
dlowed to receive volunteer training credits for participating in the MCPLANT training (at the time of
the SWRAG grant gpplication, Cooperative Extenson had agreed to this, however, changes in
Cooperative Extension personnd at the County level lead to the changed policy).

The lead MCPLANT facilitator and one of the lead trainers of the PLANT program are NC State
Magter Gardener volunteers, so at least a strong informd tie remains with locd Coop Extension.
Hopefully, the future will see expanded cooperation on the loca leve in Mecklenburg County, since
Cooperative Extenson - a publicly funded agency - is an ided partner for waste reduction through
home composting and environmentally responsible gardening programs. This is not absolutely necessary:
In Texas and Alameda County, Cdifornia, for example, outstanding Master Compogter programs exist
with no Cooperative Extension involvement at al. However, Cooperative Extension takes aleading role
in Florida, Georgia and South Caroling, and is a key partner in Segttl€'s pace setting program. In the
view of the authors, this is a better model, since interagency cooperation is a much wiser use of public
dollars.

Need for aphysca ste

The Mecklenburg County home composting program is doing an excdlent job, in spite of the fact that it
no longer has a suitable Ste for classes and education programs. The origind Compost Garden home
composting demongiration Ste, set up in the early 1990s with EPA funds, is located at the Compost
Centra municipal composting facility far from populated aress, directly underneath the end of the
runways for Charlotte's Douglass Internationd Airport. Although the Compost Garden is Hill attractive
and has the advantage of being on land owned by the county, there are inadequate toilet facilities and no
classroom space. Trying to give a composting demongtration for senior citizens with 747s roaring by
200 feet overhead isless than idedl.

Now that the human component of the home composting program is in place, a next logica step isto
create one or more MCPLANT and home composting demonsiration sites, with appropriate teaching
fadlities available, in convenient locations closer to the resdential populations that represent the target
audience for the program.

Website and dectronic presence

In addition to a physica site, another logical step isto create aweb presence. Both authors are currently
working on both a web page on PLANT within county government, and a separate MCPLANT page
linked to the county page and to other Master Composter sites around the country.

CONCLUSION
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Charlotte s MCPLANT Magter Composter program is aready naking an impact in Mecklenburg
County. Thefirst 17 graduates of the program are working on independent projects to encourage home
composting and other beneficid practices that reduce waste while safe-guarding the environment. Ther
active and informed support and volunteer service gives a welcome boost to efforts to reduce waste in
Mecklenburg County. Lessons learned during this firgt training will pay off in better MCPLANT
trainings, and improved programs for the generd public, in the future. Certainly, other communitiesin the
Caralinas and throughout the Southeast might benefit from a Master Composter volunteer program of
their own.
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In-Vessel Food Residual Composting
Bob Broom, President
RKB Enterprises

I ntroduction

A study of food waste composting was conducted at Brown Creek Correctiona Ingtitution,
Polkton, NC. Brown Creek Correctional Ingtitute houses an average of 852 inmates and has 362
employees. Funding was provided, in part, through a grant from the North Carolina Divison of
Pollution Prevention and Environmental Assistance, Department of Environmental and Natura
Resources. RKB Enterprises, Inc. of Norfolk, VA, was the sdlected grant recipient to provide the
equipment and conduct the study, assisted by Brown Creek Correctiond Indtitute staff. Although
this was not a universty-supported study, Dr. Don Cawthon of Texas A&M University-
Commerce and Dr. Alan Heyworth, teg Environmentd, plc, England, contributed a sgnificant
amount of their expertise and time for consultation.

The nine-month project set out to collect data testing the appropriateness of in-vesse
compogting, in particular, the GREENDRUM in-vessd system, for safe and efficient composting
of indtitutiond food waste. Pre-determined objectives focused on the collection of data
pertaining to:

quantity and characteristics of waste generated
GREENDRUM operating capacity

operating cost

trandferability of the technology

cod savings

andysis of resulting compost

YVVVVY

Before beginning the trid, it was necessary to determine daily food waste from the average
prisoner. Assumptions asto the size of the daily waste stream were based on existing survey
figures from the EPA document, “Waste Assessment Reference Manual.” Under section 4,
“Converson Charts and Figures,” in cafeteria-style dining each medl  produces 1 pound. of

waste per person. Interpolating this figure to the prison Stuation where the total waste figure per
inmate is assessed as 4.5 Ibs. per day, it becomes evident that food residuas are more than 50%
of the total waste per inmate daily. As Brown Creek food preparation conscientioudy attempts to
minimize food waste, we anticipated receiving between 1,000 Ibs. and 3,000 |bs. of food waste
resduds daily; in addition, the prison uses paper towels at arate of about 12 pounds daily.

This daily waste prediction prompted a request to change the contract to alow RKB Enterprises
to provide at larger GREENDRUM, Type 616, in order to run a pilot program with an operating
capacity closer to the maximum needed to handle Brown Creek. Based on tridls by Texas A& M,
Type 616 is estimated to handle 900 |b. of food resduds daily, plus amendment.
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General Project Description

The GREENDRUM in-vessd composter is a continuous feed system using an insulated drum.
The drum is mounted on an al-sted frame and rests on dl-stedl rotor casters and it rotated every
20 minutes usng a chain-drive unit powered by an eectric motor.

The Greendrum in-vessel process ensures that the health and environmenta requirements set
forth by the NC Solid Waste Composting Rules are more easlly satisfied. Thislong-term trid of
food residuas composting studied the GREENDRUM in-vessel process by rigidly gpplying
those rulesto seeif the Greendrum performed to those standards. Potentid problems with site
location are solved through system design. All waste isisolated from the environment until after
the time and temperature requirements to “further reduce pathogens’ (Rule 1406 para. 12C) is
accomplished. That rule requires, “temperatures in the compost piles shdl be maintained a a
minima temperature of 131 deg. F for & least 3 days’. Andysis confirmed pathogen
requirements were attained. After removal from the drum, compost is stacked for curing.

The objective was to compost a waste stream made up entirely of dl food waste. Thisisamore
complex process than adding food waste as aminor part of an existing yard waste, leaf, or other
smilar waste stream. The critical mix characterigtics to achieve required thermaophilic
temperatures are dl interrelated. These are pH, moisture content, porosity, and oxygen. C:N
ratio isirrelevant to the process when the primary waste is ingtitutional food waste because
nitrogen is reedily available and immediately released in food waste, while the carbon in wood
chips and bark amendment takes longer to breakdown. Therefore the C:N ratio in adrum filled
with food waste and a carbon amendment will dways be effectively lower than lab andyss
indicates. C:N ratio will, of course, effect the nutrient value of the end result -- compost. Locally
available bark/sawdust from sawmill, and poultry litter cake was added to reduce moisture and
improve porosity. Hydrated lime was added to control pH.

The Daily Process

The availability of labor a Brown Creek allowed Warden Rick Jackson to choose amanua
mixing process over purchasing additiona mixing equipment. Initidly, aPATZ chopper was
ingdled to chop the food prior to mixing. Use of the chopper was discontinued asiit did not
improve the congstency of the mix nor did it improve the process. The PATZ chopper is
designed as a hay bale chopper, not a food-waste chopper. It proved to be noisy and allowed
food to drop through the grid.

The Brown Creek staff devised amore effective method of mixing. A discarded 600-gdlon
cylindrical drum was recycled. The gaff cut it longitudindly in half and welded wheds a the
corners making it an efficient mobile mixing chamber. Food waste is trucked about %2 mile from
the prison kitchens to the Site in 35-gallon plagtic bins. Additiona 35-gdlon bins are used to
measure the amendment to achieve an accurate mix by volume. Two inmates mix the
amendments and food manudly with pitchforks. The mixing chamber is then wheded next to the
input screw conveyor, and the mix is trandferred to the screw-conveyor hopper that |oads the
drum. At the other end of the drum, the three diding-door exit ports unload pre-cured compost
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completing the continuous process. Residencetime is4 to 5 days. The volume of materid
removed is equivaent to goproximatey 75% of the dally intake. Allowing for volume reduction
during the process, this keegps the same mass of materid in the drum. Compost drops onto a belt
conveyor and then into a dump truck. Curing is accomplished dtatic piles.

Daily Operation

The origind plan was to rotate the drum continuoudy. In doing this, however, we were not able
to achieve the required temperature. As aresult, we adopted an intermittent rotation routine
running the drum only during loading and unloading or about 4 hours each day. This frequency
of turning incorporates sufficient oxygen into the mix to achieve accelerated composting while
preventing the mix from dropping in temperature. A ventilation port was added at the unloading
end, which, after further trids, may alow usto discontinue use of the small blower currently in
operation. The permanent solution will either be the ventilation port or a combination of the port
and a blower.

Prison food waste includes a high percentage of cooked materid -- much higher than other types
of indtitutional food waste, and less food is discarded for aesthetic reasons. Fermentation tarts
immediately when most cooked food wasteis placed in a garbage bin. A dramatic drop in pH
results, often causing pH readings of less than 3. Fermentation microbes diminate aerobic
microbes in these highly acidic conditions. The addition of hydrated lime during mixing with a
porous amendment prior to loading limited the drop in pH to about 5.5, as would normadly be
expected during theinitia stages of aerobic decomposition. It is aso possible that fermentation
microbes, which are mostly single cdll organisms, survived more eadly than the more complex
aerobic microbes and fungi, in a continuoudy rotating drum. This contributed to our decison to
run the drum intermittently.

Initidly the weight of food waste composted was limited to 900 |bs. per day plus amendment;
the maximum daily loading rate, recommended by Texas A&M Universty. Asthe problems
resulting from low drum temperatures were resolved, the daily loading rate was increased to
include dl of the food waste from the kitchens, plus paper toweds. The full amount of waste
averaged 1615 Ibs. of food and 12 Ibs. of towels that were mixed with amendment and loaded
each day.

Laboratory andysis by Prism Laboratories, Inc. showed no evidence of pathogens. A series of
andysis conducted by NCDA Agronomic Divison and A&L Laboratories, Inc. of Richmond,
VA characterized the waste, amendment, and compost.

Blending Materialsto Desired Moisture Content

To produce compost from food waste, an amendment materid is essentid. This amendment
adds structure (porosity) and absorbs moisture in order to reduce the moisture content to 55%
plus or minus about 5%. A sawmill about 3 miles from Brown Creek was a source of suitable
amendment materid -- bark chips. This proved to be an excellent source for porosty, but
because it was “ green” the moisture content was higher than desirable for food waste, which
gtarts out as gpproximately 80 percent moisture. From trials completed at two Texas prisons, we
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determined the best mix for composting indtitutiona food waste, assuming an abundance of dry
amendment, isasfollows:

By Volume

2 part wood chips
1 part sawdust

2 part food waste

Initid Mix Caculation:

The target moisture content for blend of food waste and amendment is 55% moisture.

Assumptions:
weight of water = total weight x moisture content
weight of dry matter = totd weight — weight of water

1 pound of mixed food waste contans.
water 1 pound x 0.77 = 0.77 pounds
dry matter 1 pound —0.77 = 0.23 pounds

1 pound of mixed amendment contains:
water 1 pound x 0.20 = 0.20 pounds
dry matter 1 pound x 0.80 = 0.80 pounds

Formulag:

Moisture Content (MC) =  weight of water in food + weight of water in amendment
Totd weight

55% =MC =055 = 0.77 + (0.20xA)
1+A

Where A isthe weght of amendment required:

055 (1+A)

0.77 + 0.2A
A = 0.63
Therefore, by weight, 0.63 pounds of amendment is needed for every 1 pound of food,
BUT the mix isachieved by voume not by weight:
Ratio of volume to weight of food waste to amendment is:
2/0:60 = 45: 1

Therefore mix rétio by volumeis
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1 :063 x 45 = 2835
1 part food waste : 3 amendment (approximately) by volume

In redlity, experience with the locally available amendment will determine the mix to achieve the
correct moisture content. At this moisture percentage, leachate will not be released. If the mix is
too wet, leachate can be collected in a container Stuated in the unloading hopper. Variationsin
food waste would need a waste audit to define. The greatest variable is moisture content, which
can vary from very wet --- in excess of 85% moisture, to reaively dry — 65% moisture. Asthe
gaff and inmates gained experience, variaions in moisture content were countered by adding
amendment in the same proportion as the generd mix. The practicd fidd-test for moisture
content remains the best; hand squeeze after the waste and amendment has been mixed.
Experience will lead to gppropriate action.

For Brown Creek, a second amendment source of poultry litter with alow moisture content and
potentialy good porosity properties was located. The find mix was adjusted to the following:

By Volume
1 part food waste
1.5 parts poultry litter (used to reduce the moisture content)
1.5 parts (green) wood bark (for porosity)
Note: Also 15 Ib. per cubic yard of hydrated lime to control the pH

Unanticipated Situations

A design change intended to reduce the time spent loading the drum by fitting a U-trough screw
conveyor compounded difficulties producing theided mix. A new U-trough conveyor dlowed
for areduction in the Size of the access port, increasing the usable capacity of the system. This
helped achieve two objectives, faster loading and greater capacity. Excdlent! However, the new
U-trough conveyor caused areduction in air entering the drum, which was a more sgnificant
factor than expected producing an oxygen deficiency within the drum. This, in effect, caused the
microbes to be smothered, which in hindsight, should have been detected sooner. When asmdler
Type 408 GREENDRUM was used to test the mix, the extent of the oxygen deficiency became
Clear.

The smple solution took months of trids to uncover because there were multiple solution
options. Initidly, the basics of composting were addressed:

a  Moidure content
b. CNratio

Note: 1. Reasonable vaues of these two characteristics were quickly established. Since the
desired temperatures were not achieved immediately, time was lost varying the moisture content
in an attempt to produce higher temperatures.
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2. Theanalyzed C:N ratio for the mix, at approx. 35:1, was reasonable but not likely to
promote a highly active composting process. We believe our effective C:N ratio was lower as
the nitrogen in the food waste was much more avail able than the carbon in our amendment.
Having exhausted combinations of the above, we concentrated on the following:

c. pH
d. ammonia
e. oxygen

Dally variations in food waste complicate the problem. The key to solving the mix equation a
Brown Creek was use of the portable 408 GREENDRUM. Unworkable mixes were quickly
eiminated and small baiches were usad to refine the mix for maximum composting efficiency.
The portable unit alows each dte's waste to be tested quickly with the available amendment to
ensure that afull-scae sysem will operate efficiently.

Things| would consider doing differently

The 616 GREENDRUM design has been changed to include a heavy-duty frame mount. It is
now considered too heavy to be supported on atrailer. The absence of the trailer dlows the drum
to be lower on the pad, which makesit easier to load. Future GREENDRUM ingdlations of type
616 or larger should be ordered without the trailer.

Productivity, working conditions, and the efficiency of the labor/system combination were
examined. Actud stuations should be observed. For example, when the time to mix abatchis
mesasured, the circumstances and the labor resources should be taken into consideration. The
Brown Creek project was planned as amorning activity allowing adequate time to complete each
mix in 30 minutes. Severd things here could dter productivity. These include a covered paved
working area and paid non-inmate labor. Notwithstanding their circumstances, the inmate
workers had an excellent attitude, were interested and took some pride in this project.

The PATZ chopper added time to the process without providing any tangible improvement in
efficiency. The congstency of food waste delivered to the Ste meant it is not necessary to
employ a chopper to prepare prison food waste for composting; an aestheticaly pleasing product
is produced without the use of a chopper. BW Organics has designed a chopper/mixer to work
with this sysem; alow cost smdler capacity unit has not been found currently on the market. A
mixer cuts preparation time before loading and would likely reduce tota handling time by half.

Waste reduction impact

The following table shows the actua daily loading rates and the total tons of food waste diverted.
During the firgt four months the daily the loading rate was limited to the expected maximum

daily capacity of the GREENDRUM 616. The drum was not loaded on aregular routine as
various trids were conducted. During the second half of thetrid dl the available food waste was
loaded:
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Month Dally Loading Rete, Ib./day Monthly Totd, Tons
Jly 896 5.8

August 955 6.7

September 954 11.0

October 973 19

November 1633 24.5

December 1727 25.1

January (thru 24™) 1486 17.8

TOTAL 92.8

Using the figures for the months when the GREENDRUM was working &t full capacity, the
average daily loading rate was 1615 Ib., giving a projected annua diversion of 295 tons of food
waste plus, 2 tons of paper napkinsfor atota of 297 tons annually.

Consdering only waste disposal cost, annua savings are $10,395.00. Not including the capital
cost, operating codts projected over one year including lime, labor, eectrical power, and
amendment are $ 2,675.00 annually. The positive balanceis $ 7,719.00.

Brown Creek will produce approximately 1,000 cubic yards of compost annualy. In Charlotte,
50 miles to the west, this has amarket vaue of about $ 20,000.00 when sold in bulk.

Changes at Brown Creek.

Food Preparation

The quantity of food wasted each day prompted Warden Rick Jackson and the Food Service
Department to investigate. Two primary factors were uncovered. Often, more food than required
is prepared. No procedure isin place to feed this excess food to inmates. The waste food
becomes adigposa cost asit is currently going into the garbage bins. Also, for security reasons,
there isno method for inmates to communicate with the servers, who fill the food traysin the
kitchen. Currently, each tray isfilled with an entire meal and then did under the hatch. Brown
Creek Enterprise Divigon is building a security screen through which the inmates will be able to
request items be omitted from their tray, thus reducing wastage. Rick Jackson intends to further
review the quantity of food prepared for each medl.

Project accomplishments

The GREENDRUM in-vessd system, with a ddivered, set-up, and running price of lessthan
$50,000 hands on average 1615 |bs. of food waste plus amendment every day seven days aweek.
If the prison system could market this waste stream as they do other recyclables, the combined
cost savings plus income would come to about $25,000.

The Greendrum in-vessel composting process ensures that the hedth and environmenta
requirements set forth by the NC Solid Waste Composting Rules are satisfied. The system
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proved smple to operate and reliable technology that could easily be transferred to other
inditutions in NC where smilar cost savings are possible,

Qudlity compost is available for Brown Creek’ s use on grounds and vegetable gardens. Surplus
compost is avalable for use by other North Carolina State agencies.
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SOIL AMENDMENTS FOR ROADSIDE VEGETATION IN VIRGINIA

Greg Evanylo, Jody N. Booze-Daniels, W. Lee Daniels and Kathryn Haering
Department of Crop and Soil Environmental Sciences
Virginia Tech, Blacksburg, VA 24061

INTRODUCTION

The egtablishment and maintenance of roadside wildflowers and vegetative cover crops are dependent
on both the inherent productivity of roads de soils and management practices. Roadside soils are dmost
aways highly disturbed relics of the road construction process and vary significantly from soils thet have
formed in place. In particular, roadside soils are generdly compacted, high in soil strength, acidic, and
low in organic matter and plant-available nutrients.

The combined influence of adverse soil properties and soil variability in roadside soils has led to
irregularities in wildflower growth and bloom display and, in certain ingtances, to complete stand failures
infidd trids (Bill Watson and Roger Dove, persond communication). Management practices such as
tillage, liming, and fertilization have mitigated these problems to only alimited extent. Land reclamation
studies have proven that alack of organic matter and organically bound nutrients are the primary
properties that differentiate disturbed soils such as roadside soils from their natural counterparts (Daniels
and Haering, 1994; Haering et a., 2000).

Numerous studies have demonstrated that composts produced from awide variety of organic materias
such as biosolids (sewage dudge), anima manure, and yard wastes canimprove soil physicd, chemicd,
and biological properties (Shirdipour, et d., 1992; Brosius, et al., 1998). The use of organic
amendments can reduce or diminate the need for periodic conventiond fertilization and istypicaly less
cogly. Findly, and perhgps most importantly, organic amendments can ameliorate locd irregularitiesin
surface soil properties. In Virginia, many potentialy useful organic amendments are available in each of
the Virginia Department’ s of Transportation (VDOT) Didtricts, and regulatory guidance and financid
incentives promote the utilization of these amendments. The objectives of this sudy are to determine the
effects of gpplication of various composts on the growth and quaity of roadside vegetation and soil
properties thet influence vegetation sugtainability.

MATERIALSAND METHODS

In August 1998, two nearly level stes were sdected in Culpeper and Staunton, Virginia. The Cul peper
s0il has a clay loam texture and is located near an exit ramp off Hwy 29 in Culpeper County in the
Northern Piedmont soil physographic region. The Staunton soil dso hasaclay loam texture and is
located in the median of 1-81 in Augusta County of the Appa achian Ridge and Vdleys sail

physiographic region.
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Initid soil chemica properties (Table 1) were determined using established procedures for southern
U.S. soils (Donohue, 1992). Soil pH, Ca and Mg were adequate for establishment of vegetation
because the soils had previoudy been limed by VDOT gaff. Soils at both sites contained lower
concentrations of P than optimum for pant growth. Soil K concentration was adequate a Cul peper but
lower than necessary for optimum plant growth at Staunton.

Table 1. Andyss of the soils usad in the Study.

Location PH P K Ca Mg | Soluble Sdts
(pPm) | (ppm) | (PPM) | (PPM) (ppm)

Cul peper 5.8 8 | 101 | 816 | 120 141

Staunton 6.1 10 25 | 840 | 117 90

The study is atwo-factor experiment conssting of three plant species and Six soil treatments. Plant
species were lanceleaf coreopss (Coreopsis lanceolata), corn poppy (Papaver rhoeas) and tall
fescue (Festuca arundinaceae). The soil treatments were composts from four sources, an NPK
fertilizer gpplied according to soil test results, and an unamended control. The composts were produced
from: 1) biosolids + wood chips, 2) yard waste + poultry litter, 3) paper mill dudge, and 4) cotton gin
trash. The source of each amendment islisted in Table 2. Each treatment was replicated 4x. The
experimentd designs were arandomized complete block at Culpeper and a completely randomized
block at Staunton. Individua plots were 100 ft?.

Table 2. Sources of amendments applied in Culpeper and Staunton in August 1998,

Treatment or Amendment Source

Biosolids compost (BC) Harrisonburg- Rockingham Regiond Sewage Authority,
Mount Crawford

Y ard waste compost (YWC) Panorama Farms, Earleysville

Paper mill dudge compost (PMSC) Gref Bros, Amherst

Cotton gin trash compost (CGTC) Commonweath Gin, Windsor

The exiging vegetation was sprayed with glyphosate (2 gal/acre) two weeks prior to seeding. The Sites
were then roto-tilled six to eight inches deep. The amendments were incorporated into the top three to
four inches of soil on 8/26/98 at Culpeper and 8/28/98 at Staunton. The composition of each
amendment is presented in Table 3.

Table 3. Andyses of soil amendments usad in the study.

Compost | Solids |Org C | CN | TKN* | OrgN NH4-N P K EC** pH
(*0) (%0) (%0) (*0) (%0) () | (%) | (dSm)

BC 70 37.8 96 | 3.9 3.14 0.81 29 | 0.25 | 10.74 6.8

YWC 32 30.3 16.0 | 1.89 1.88 0.02 06 | 0.65 1.48 7.6

PMSC 58 37.8 228 | 1.66 1.66 0.01 06 | 044 1.78 7.4
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lcGTc | 58 | 230 105 | 220 | 219 | o001 |02 [097 | 150 | 79|
*TKN = Tota Kjeldahl Nitrogen
** EC = Electricd Conductivity (dS'm = mmhos/cm)

Amendments were applied at rates designed to supply 45 Ibs/acre of first year plant available N (PAN),
which isthe estimated annua N reguirement of wildflowers. Tal fescue N needs are higher than
wildflowers, but the same rates were applied to dl plants to provide consistent compost rates. The
equation used to estimate PAN from the various organic amendments was.

PAN = (X * Org-N) + (NH4,-N),

where:

PAN =lbs of plant available nitrogen per dry ton of amendment,

Org-N = Ibs of organic nitrogen per dry ton of amendment, determined as TKN - NH4-N,
NH4-N =Ibs of (ammonia + ammonium) nitrogen per dry ton of amendment, and

X = estimated availability coefficient for organic N (x=0.10 for compost).

Nutrient gpplication rates were estimated based on the actual compaosition of the composts (Table 4).
Phosphorus and K rates were variable because the N:P and N:K ratios in the composts were different.
Wildflower P and K needs are not known, but establishment of tall fescue required 140 |bs P,Os/acre
at both sitesand 160 and 75 Ibs K,O/acre at Staunton and Cul peper, respectively.

Table 4. Applied plant available nutrients for the first yesar.

Treatment Amendment Rate Edimated Plant Available Nutrients (Ibs/acre)

Tota N P,Os K-O
BC 3 tong/acre (fresh wt) 47 280 12
YWC 33 tong/acre (fresh wt) 44 292 164
PMSC 22 tong/acre (fresh wt) 45 352 134
CGTC 13 tong/acre (fresh wt) 34 69 175
15-30-15 300 Ibs/acre 45 90 45
Control Not amended

The three species selected have different characteristics. Corn poppy is abiennia that is seeded each
year in the fdl, coreopsisis a perennid that often takes two years to become fully established, and tall
fescueis a perennid grassthat is most widdy planted along Virginiaroadsides. Corn poppy and fescue
have higher N demands than coreopsis. Corn poppy and coreopsis were expected to be more sengitive
to phytotoxicity produced by immature compost than fescue. Seeding rates were 20 Ibs/acre of
coreopsis, 18 Ibs/acre of corn poppy, and 100 |bs/acre of tdl fescue. The plots were rolled after
seeding to increase seed-soil contact.
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Weeds were controlled with periodic use of 2,4-D (1.4 gd/acre), imazapic (4 oz/acre), and
pendimethalin (1 ga/acre). In June 1999, vegetation at both stes was mowed to eight inches to control
weeds. At thistime, the corn poppy had senesced, the tall fescue seed heads had fully expanded, and
the coreopsis was not yet tal enough to be damaged by mowing. The corn poppy

was replanted in early September 1999 after the plots were sprayed with glyphosate and imazapic and
roto-tilled to three inches. The plots were again rolled after seeding.

The performance of the vegetation is being evauated until at least spring, 2001 (2-1/2 years). A visud
rating system that is frequently employed by turfgrass researchersis used each spring to measure living
plant ground coverage density. Soil was sampled in each plot to a depth of 3-4 inches 18 months after
soil amendments were gpplied (March 2000) for determination of pH; Bray 1 P; cation exchange
capacity; exchangeable Ca, Mg, K, and acidity; and base saturation.

RESULTSAND DISCUSSION

Compost
There was considerable variation in the nitrogen concentration of the composts, with the biosolids

compost (BC) containing about double the N concentration of the others (Table 3). The BC had alow
C:N ratio and a high proportion (i.e., >20%) of N in the NH, form, indicating that the compost was not
completdy stabilized at the time of application. The BC aso contained (not unexpectedly) a higher
concentration of P and alower of concentration of K than the other composts. The P and K
concentrations in the yard waste (YWC) and cotton gin trash (CGTC) composts were typical for
composts derived from such feedstocks (Brosius et al., 1998). The paper mill dudge compost (PMSC)
also contained concentrations of P and K that were congistent with published vaues, but the total N
concentration of the PMSC used in our study was congderably higher than typica vaues (Campbell et
al., 1995; Jackson and Line, 1997). Our PM SC was produced from a combined primary and
secondary dudge that had received additions of NH,OH during the digestion process to stimulate
microbia decompaosition (Evanylo and Danidls, 1999). Thisresulted in ahigher initid C:N ratio of the
dudge (40:1) than is normally associated with paper mill dudge.

Corn poppy

Eight months after seeding (May 1999), the stand density of the corn poppy at Culpeper increased in
the order: control# CGTC#Y WC#BC=PM SC=Fettilizer (Figure 1). There were no treatment
differences at Staunton at thistime. There were no differences in corn poppy density with ol
amendment treatments at elther Ste by the following spring (March 2000), when ground coverage
averaged 62% at Culpeper and 71% at Staunton.

Coreops's
None of the amendments increased coreopsis density above the control at Culpeper or Staunton seven

months after seeding (April 1999; Figure 2). Coreopsis density averaged 39% at Culpeper and 55% at
Staunton. Coreopsis density was decreased by the BC at Culpeper 18 months after seeding (March
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2000), but no differences in density among amendments were observed at Staunton, where density
averaged 65% across dl treatments.

Tdl fescue
Only the application of the composted yard waste a Culpeper increased the dengity of tall fescue above
the control at either stein April 1999 (Figure 3). None of the treatments increased tall

fescue dengty above the control at either site by March 2000, but tal fescue dendty inthe CGTC
treatment was lower than the control at Staunton.

Soil Properties

At both locations, the greatest increases in soil extractable P concentration were effected by yard waste
and biosolids composts (Table 5, 6), which each supplied nearly 300 Ibs P,Os per acre (Table 4).
Surprisingly, the paper mill dudge compost, which supplied the greatest amount of total P (352 Ibs P,Os
per acre), did not raise soil P concentration above that of the control, fertilizer, or CGTC treatments.
The P in the PM SC was apparently not readily extractable. Composts had little effect on soil pH, which
were aready adequate, but soil pH tended to be higher with the PMSC and YWC than with the control
and/or fertilizer treatments at both locations (Table 5, 6). Thiswas likdy due to the higher base
saturation and lower exchangesble acidity with PMSC and YWC than with the control and fertilizer
treatments. PM SC increased the soil Ca% above the control and fertilizer trestment at both locations.
At Culpeper, the Y WC-amended soil dso contained higher Ca% than the control and fertilizer-
amended soil. No compost treatments increased K% or M g% above the control or fertilizer treatments
at ether location. Only the YWC increased soil cation exchange capecity at ether site. The lower C:N
ratios of the BC and the CGTC than of the PMSC and YWC may have resulted in greater N
mineraization and subsequent acid-creating nitrification in the BC and CGTC soils, which may have
reduced the liming effectiveness of the organic matter in the BC and CGTC.

Table 5. Effects of amendments on properties of soil sampled at Culpeper in March 2000 and averaged
across species. Means for dl trestments followed by the same | etter are not significantly different at the
5% level according to Student, Newman and Kuels test.

Treatment P pH CEC % K %Mg | %Ca | %EA | % Base
(Ppm) saturation

BC 23.6b | 6.0b 91b | 59 16.2ab | 63.0bc | 14.8a | 85.2b

YWC 340a | 6.3a |1l5a | 6.7 18.0a | 65.6b 9.6b 90.4a

PMSC 13.8c | 6.4a 990 | 4.9 15.8b | 71.2a | 8.0b 91.9a

CGTC 145c | 6.1b 93b | 6.9 18.2a | 61.0c | 13.8a 86.1b

Fertilizer 15.6c | 6.0b 9.0b | 6.1 16.9ab | 61.4c | 15.4a 84.5b

Control 114c | 6.0b 91b | 58 17.1ab | 62.0c | 14.5a 85.2b
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Table 6. Effects of amendments on properties of soil sampled a Staunton in March 2000 and averaged
across species. Means for dl treatments followed by the same letter are not Sgnificantly different at the
5% level according to Student, Newman and Kuels te<t.

Treatment P pH CEC % K %Mg |%Ca |%H % Base
(ppm) Saturation
BC 40.2ab | 6.1ab 970 |18 14.8 704b | 129ab | 87.1

YWC 46.0a | 6.3ab | 11.5a |54 16.1 70.0b |11.2ab | 91.6

PMSC 21.8c | 6.4a 99 |18 14.4 75.1a 8.7b 91.3

CGTC 27.1bc | 6.18b 95b | 27 15.2 6890 |13.0ab | 86.9

Fertilizer 27.8bc | 6.1b 87b | 26 14. 67.90 | 14.6a 85.4

Control 21.1c | 6.2ab 93b | 19 154 70.4b | 12.3ab | 87.7

CONCLUSIONS

Compogt is vauable for restoring productivity of disturbed soils because it improves nutrient availability,
water-holding capacity, and soil Sructure. Plant dendty data obtained during theinitid 1-1/2 years of
this study was affected by drought, which may have masked specific effects of the various compodts.
Each plant species performed poorly with the CGTC relative to other compost treatments a some
location and sampling time. The most noticegble difference in chemical compostion between the CGTC
and other composts was the lower rate of P supplied. Conversdly, the YWC dways resulted in plant
dengities that were among the best a each location and time of sampling. Composts are crested by
amilar biologica processes, but the characterigtics of each will be greetly dependent on the feedstocks
employed and the degree to which the finished materid is dlowed to mature. The concept of matching
compost typeto individua plant species should be considered further.
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Figure 1 - Corn Poppy Density in Culpeper and Staunton
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Figure 2. Coreposis Density in Culpeper and Staunton
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Figure 3. Tall Fescue Density in Culpeper and Staunton
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Erosion Control and Environmental Uses For Compost
Rod Tyler, Bill Stinson, and Wayne King
Matrixx Organics Company, Richmond, VA

INTRODUCTION

For the lagt ten years, the use of compost in environmenta applications and markets has
been increasing at a steady rate. Although environmental uses for compost gppear to be
an absolutely huge market, there are limited numbers of successful programs that have
tapped this great market potentid. Still, it is dear that with the invention of pneumatic
gpplication equipment, i.e., ‘blower trucks', the future use of compost in some of these
environmenta gpplications will only increase.

Environmenta gpplications include dope stabilization and erosion control, ssormweter
filtration, vegetation establishment, and replacement of st fence with compost filter
berms. Filter bermswill be the focus of this paper, however we want to briefly point out
the advantages of using compost in these other gpplications.

SLOPE STABILIZATION

In many dope Stuations, thereis no redl need to establish vegetation if alayer of mulch
is effective in preventing eroson. But how long will the compost or composted mulch
last? Will annud applications be required? The norm isto try and establish vegetation,
regardless of the severity of the dope. Asaresult, usng compost for dope stabilization
and erosion control has met some barriersin thefidd in that it may not be readily
accepted unless seeding is performed on top of the compost layer.

Using both seed and compost applications may or may not be more cost effective than
current practices. Certainly, in severe cases where vegetation has not been able to
established, compost may bethe ONLY option left to try. In these cases, the State,
county or loca governing body will gladly try anything to keep from repairing the
dragticdly eroding dope every singleyear. Our experience has shown the locd officids
will be glad to try any newfangled erosion control materials on their worst possble sites.
Thistruly offers the composting industry a unique chance to quickly show how effective
erasion control iswith compogt. In fact, our marketing motto for erosion control
products has now become... “Give us your worst nightmare’.

STORMWATER FILTRATION

Stormwater filtration is ardatively new use for compost. Although only afew

commercid systems exigt, the promise of usng compodt in filter sysemsliesin the
effectiveness of capture rates compost offers compared to other filter systems. The added
benefit is that compost can normally be purchased locdly, is annualy renewable, and
there are good long term odds that this use will dso become more mainstream in the next
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10 years. Thiswill be further enhanced by recent focuses on water qudity and quantity
issues in most of our growing communities.

VEGETATION ESTABLISHMENT

For vegetation establishment, compost is perhaps the number one soil amendment when
used for turf. For other vegetation establishment, hydroseeding is till king. However,
recent comparisons of costs for hydroseeding vs. vegetation establishment with compost
and seed gpplied via a blower truck have proven favorable. Infact, if this combination
proves to be as successful in the field as on paper, it will eventudly replace part of the
hydroseeding market. After al, what would you rather have — a hydroseeded lawn or a
lawn seeded with ¥2” of compost? For other environmenta applications, like the dopes
mentioned earlier, seeding is even more tedious than turf, so the likelihood of compost
use increasing in these gpplications is nearly 100%.

FILTER BERMSREPLACE SILT FENCES

Silt fence has been used for erosion control on dopes and around the edges of
congdruction Stesfor years. It isobvioudy the accepted standard. (By the way, who
invented this stuff and is she now retired in awarm ocean climate somewhere?) Silt
fence is used on nearly 100% of construction projectsin the US, but there are some
inherent problemswith it suse. Firg, it just does not work as well aswe origindly
thought it did. In fact, mogt officids at the Sate leve will agree that it really does not
work at al. Yet it continues to be used and is considered the standard for our
environmental containment of St and sediment.

Silt fence, by the way, is dso a product made from petroleum resources, is hard to ingtall
properly, and is quite often |eft abandoned on job Stes. Further, it prevents naturd
migration of aguatic animals like turtles and sdlamanders from areato area asthey are
disturbed during the condtruction process. In developing communities that are sengitive
to endangered species or aguatic life, this has recently become a bigger issue of concern.
Last but not least, St fence, if it is picked up after congtruction is completed, needsto be
properly disposed of in alandfill. What awadte.

HISTORICAL PERSPECTIVE

Compost, when properly ingtdled in long filter berms, actudly works better than st
fence in the function both were intended to perform: Keep both suspended and settlable
solids out of our water sources when moving on the surface. Perhgps ahitorica review
may help at this point.

In 1993, Bill Stewart conducted research which showed surprising results in a number of
erosion applications on alocal roadway that had extremely steep dopes. Theresearch
(regarded as one of the first mgjor sources of info on thistopic) aso showed how
ineffective St fence was. In 1994, the Maine Waste Management Agency tested
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compost in Kennebec County to determine if the results were predictable. Thisfollowed
with Clyde Waton from Maine DOT to be one of the first to specify compost filter berms
on DOT projectsin 1996. In 1997, USEPA recognized the use of compost for erosion
control and specifically the use of filter berms as important methods to reduce
environmental problems associated with eroson. Ca Trans has been working on many
projects for the last ten years and now has a very progressive program.

So why are we ill using st fence? Until the advent of the blower trucks, accessihility
and efficient gpplication of compost or composted mulch was hard to achieve. Manua
gpplication on 2:1 dopes would be nearly impossible. Application of filter berms around
congtruction sites would require a bobcat, loader or other equipment and would smply be
less efficient. However, the blower trucks are now becoming popular in nearly every
mgor city in the US and with them comes the possible services relating to efficient
goplications of organic materids.

Reasons to use filter berms:

The compost amends native soil, asssting in vegetation establishment

The berms can be easily be incorporated into native soil when the job is completed,
which means less hasdes at the end of long projects

Incorporated materid |eft on Ste provides better organic metter levelsfor
seeding/planting

Filter berms are less expensive than st fence

Filter berms are more effective in removing sediment and clearing up our waterways
Filter berms are more effective a removing chemica compounds from runoff
Compost is an amnudly renewable resource, dl organic, and 100% natural

Reasons NOT to use silt fence:

Sit fenceisineffective in removing sediment and chemica's from runoff

Silt fence is hard to keep up during congtruction projects

Silt fence is often left on Ste after congtruction and is ungightly

Silt fenceis anonrecycled materia and needs to be landfilled

Silt fence dlows acertain level of environmenta damage on every project it isused on

How Organic Materials prevent erosion

What is so specia about compost or composted mulch that dlowsit to perform the
filtering function? Mogt expertsin the fild have noted they are surprised that filter
berms hold up under heavy rains. When filter berms are used in combination with dope
protection viaalayer of compost or composted mulch, you can expect minima erosion.
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Filter berm at the top of a dope with compost

There are two main reasons these two gpplications assst in reducing erosion. Firg, filter
berms reduce the speed of water flowing on agiven dope. By preventing speed of water,
which reduces aso the speed of soil particles tumbling down the dope, overdl
displacement of other soil particlesis reduced. Many gpplications have tried a series of
filter berms down the dope which has worked well to dow the water down long enough
to reduce erosion of the dope.

A layer of compost or composted mulch applied to the dope acts like a*wet blanket’ or a
‘wet deck of cards scattered randomly over the surface. Remember, soil particles are
normally round and roll easily once displaced by water. Asthey gain speed and
momentum, they displace other soil particles which channd together in faster moving

water and this crestes smdl rills. Rillslead to channds and channdlslead to gullies. The
rounder the soil, steeper the dope and greater quantity of water, the more erosion.

Compost and composted mulch prevents the soil from rolling or gaining this momentum
and therefore coversit like ablanket. A secret of successin the fidld is making sure that
water is not able to ‘get under the blanket’ at the top of the dope. If water isdlowed to
get under the layer of compost, and if the dope is steep, you can expect erosion and the
compost or composted mulch will float avay. However, if you have afilter berm at the

top of the dope and keep the compost layer continuous over the ‘ shoulder’ of the dope,

the water will hit the dope and ride al the way to the bottom on top of the blanket of
organic materids.
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Organic materids are more flexible, lighter, and absorb more water than soilsin generd,
s0 they dso ad in helping water infiltrate into the soil underneeth. For vegetation
establishment, thisis crucia to new seedling germination.

ECONOMICS

All the experts reviewing Bill Stewart’s research have had the same comments. What
about the cogt? Until a mechanism of ddivery was possible and predictably available via
blower trucks, the use of compost and composted mulch for filter berms has been limited.
Depending on the charge for ingtdlation and the cost of loca compost or composted
mulch products, filter berms can be sgnificantly less expengve than sit fence. In other
words, cost is not ared barrier to the use of filter berms.

In astudy conducted in South Carolinawith one of the very largest builders, we
determined that silt fence would cost about $1.50 per linear foot of installed silt fence.
This cost did not include the cost to remove the silt fence and disposa costs.  However,
it appears that many people in the field ignore these costs or smply consider the cogts of
retrieving st fence as zero. When comparing the ingtdlation of a 1 foot high by 2 foot
wide filter berm of compost, we found we could be very cost competitive (see cost
spreadshect at the end of this paper).

It isimportant to note that the costs we experienced in the project in South Carolinawere
perhaps the lowest we have found in the country. In generd, the larger the contractor, the
better price they have for it fenceingdlation. In other meetings with smdler

contractors, we discovered that they were paying up to $4.50 per linear foot of st fence,

with an earmarked $2.00 per linear foot included for the removal and disposd of used St

fence.

In many markets, the cost of gpplication matches the cost of the product. For instance, a
$16 per cubic yard compost would cost $16 per yard for application. Many blower truck
operators smply double costs of materiadsto arrive a an indtaled cost for organic
materids. Thisisagood rule of thumb to use and when caculaing the amount of

compost or composted mulch required, we determined that one cubic yard will provide
20 linear feet of filter berm 1 foot high and 2 feet wide. This sized berm is adequate for
the mgority of gt fence replacements, which are actudly demarcations of the work zone
itsdlf. Much of the st fence ingdlation, when performed on flat ground, is smply to

show the perimeter of the active work zone.

Remember that on state jobs, where silt fences are used, that the monies to pay for
ingallation and removal has to come from some tax base or government fund. It sands
to reason for al of these agencies to band together and support compost use for filter
berms because it can save the state money and it will most likely be alocdly produced
product. Inevery sngle case study we have done, the officias at the state level agreed
that st fence did not work to achieve the runoff and erosion reduction goas. Also, they
pointed out that St fenceis not actually specified n many projects. Rather, the contractor
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has to submit an erosion control plan or water discharge plan that calls for some
recognized method to reduce erosion.

Silt fence, because it is so common, is the leading tool used to respond. In other words, if
local contractors put compost filter bermsinto their plan, the locdl officids would have to
determineif thistool would be acceptable. Severa agents confessed they could not shut
aproject down if we submitted filter berms as the chosen method, but if it failed, we
would be forced to utilize another method.

Red world benefits of using filter berms are during projects that are very dynamic. A
day in thelife of fidd congruction is unpredictable and often times weether playsa
gpoiling role in the best laid plans of good contractors. When berms are disturbed at the
top of dopes, asis shown in the photo below, we violate the cardind rule not to let water
under the berm or compost blanket. Without repair, erosion will set in and gullies will
form. However, the new option with compost filter berms and blower trucksisto
provide a‘Band-Aid’ to these red world un-preventable construction scars. Trucks can
quickly and efficiently return to Stes and cover initid eroson that starts as aresult of late
completion of guard rail ingdlation or other surface disturbances. This makesloca
officids very comfortable with the use of compost because it dlows a faster remedy than
waiting until the dope is eroded, getting a dozer to leve it back out and reseeding.
Remember, those are your tax dollars on state projects!

FIELD REPORTS

Two fidd projects have been completed recently which focus on the principle objectives
outlined earlier: reducing eroson on dopes usng compost blankets and replacement of
filter berms using filter berms.

Richmond, Virginia

A project was coordinated in Richmond with the Virginia Department of Transportation
to determine the effectiveness of compost for mulch and asfilter berms. Dueto the
nature of the dopes, we did not gather much data on filter berms. The bermsingalled a
the top of the dope were diminated during the final phase of the project, which alowed
us to examine the use of compost for repair in these types of Stuations. The
‘congtruction scar’ shown below isindicative of red life projects that have soil
disturbances during their final phase and this can cause sgnificant disturbance to the

berm or dlow water to get under the compost blanket. The photo on the right shows the
‘Band-Aid’ we used to fix the problem. Thisisclearly alow cost method compared to
other options.
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Band-Aid for construction scar

Four other compost materials were used in two different applications (2° and 4”
gpplication depths). The dope was covered with these composts and eight treatment
areas resulted. All of the composts were gpplied with a blower truck which alowed
even, efficient gpplication. One of the benefits we discovered by using a blower truck
was that there is ample hose (500 ft) to reach most areas needing application. The
materids used were a2’ minus compost, a2’ minus product, leaf compost 2’ minus
and recycled ‘overs, a product common after screening %2’ minus products. The overs
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were rather punky and alittle on the larger side, but seemed to work adequately in the
blower trucks.

The trestment areas ran the entire length of the dope for dl eight treatments. We used
the other sde of the road, which had matching dope and soil type, asthe control. The
photos below show the erosion associated with the control area. This areahad been a
problem in the past for VDOT, s0 the project served a good purpose in showing how
compost can impact even the worst erosion Situations.

Untreated controls
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The results of the project were smilar for dl four treetment areas — there was minimd
eroson on al of the dopes except where the berms had been disturbed late into the
process, dlowing water to get under the mulch layer. Besides these aress, there was no
noticeable eroson of soil from anywhere on any of the applications. Since we repaired
the damaged areas with our ‘Band-Aid’ application, eroson has been minima or non
exigent.

The VDOT offices were tremendoudy cooperative in this effort and it isimportant for
readers to understand that these projects take a lot of time and energy and a commitment
from both parties to seeit through to the final phase. VDOT has since hydroseeded the
aress in an effort to understand how the treatment areas would respond. VDOT has
concluded that there may be combinations of compost, filter berms and hydroseeding for
the toughest erosion projects.

Thefind determination for the four materias used on the dopes was that the 2”
application rates provided enough protection for the dopes to reduce erosion to
acceptable levels. Obvioudy, a4” gpplication offers for protection, but there is concern
that the cogs for these materials and their gpplication would be too high. The2”
gpplication rates, however, are cost competitive with the repair costs experienced on
these severe dopes and problem aress.

un City, South Carolina

DeWebb, alarge developer in Sun City, South Caroling, ran several tests using compost
for eroson control and filter berm replacement. This project provided much of the data
and fidd results that we missed inthe VDOT trid - mainly information about filter

berms and the replacement of silt fences.

Asalarge developer, DelWebb is faced with congtant environmenta concerns. In the
current project, they build up to 500 houses per year, with atota of 6,000 houses targeted
inthelocd area. Thisrequires alarge disturbance on loca soils, like any congtruction
project. The state requires st fence be properly ingtaled around each new construction
phase. DelWebb became interested in compost because of their environmental concern
and their desire to use recycled products, where possible. DelWebb also has a strong
commitment to loca environmenta issues, aswell as being good stewards of the land as
they develop large aress.

The photos below show the application of filter berms to replace sit fence on DeWebb
property. We used the one foot high by two foot wide berm and they seemed to hold up
well in mogt areas. In afew cases, where the berm became damaged from traffic or
equipment, we smply asked Del\Webb to fix the berm by adding a small amount of
compost with abobcat. Thisdlows minima maintenance to be performed with
equipment normaly aready on most congtruction Sites.
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Thefind andyss of thefilter berms a DeWebb is that they work well enough to
condder using in dl future congruction. The company is currently anayzing costs and
has asked to move to the next stage, which will be to usefilter bermsfor an entire new
development phase, or neighborhood. Asthese filter berms are placed, it will be an
excellent test to determine how the berms hold up through an entire project rather than
just for a couple of morths. It is obviousthat if the filter berms are more cost effective
and perform better than siit fence that they will eventualy be adopted as the norm for al
congtruction projects with large developers like DelWebb.

ISSUESFOR THE FUTURE

We need to be conscious of the possible damage to the environment that our accepted
practices are now causing. Isthe use of st fence causing more harm than good? Since
we never have caculated the amount of materials which escape st fence, thereisagood
chance that the amount of environmenta damages are larger than we origindly thought.
We should be conscious of this as we support the new uses of compost and composted
mulch in the applications outlined above.

Training and educetion is certainly a huge need in every sate. Even though many states
have reportedly worked with some type of compogt, dl of the state agents we worked
with were hungry for information and eager to learn. All of them agreed to fidd trids
during the first meeting, mostly out of frugtrationswith st fencefailures. Asan
industry, we need to develop easy to access data, project reviews, specifications, and
architect drawings of filter berms and compost applications which satisfy our
environmenta goals.

In states which have annua printing of spec books for DOT or other agencies, compost
use needs to be automaticaly included with the appropriate drawings. The US

108



Composting Council already has agood set of pecifications to use for erosion control
and due to the amount of requests, our offices recently developed CAD drawingsto
accompany amodified set of gpecs we make available to al interested parties. This
information needs to be a every state office which can use these products.

Findly, nothing subdtitutes for field projects demondtrating the value of what has been
discussed above. The three projects we coordinated helped us learn first hand about the
issues, roadblocks and politics that are present in every single project you encounter. We
would like to thank those involved for accepting our chalenges to use compost and
dlowing us to demongtrate what others have found to be true. Compogt isaversdile,
useful product which reduces eroson when used as afilter berm or erosion control
blanket.

There are severd case studies that have been conducted including Texas, Cdifornia,
Ohio, and other states which have shown that compost has outperformed hydromulch and
has reduced erosion by other standard methods used. It is clear we are just at the tip of
the iceberg for market development in this area.

Tyler, King and Stinson are founders of Matrixx Organics Company, based in Richmond,

VA. Specifications and drawings for filter berms can be obtained viaemail a
rodndon@gte.net.
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EPI - Grind-All SE

|Del Webb Project

4/5/2000

Cost comparisons of various soil and mulch applications in the Landscape

Product | Product [Installation | Installation Total Total
Application cost/ft cost/A cost/ft cost/A cost/ft cost/A |Comments
Sodding $ 016 |% 6970 $ 010 | $ 4,356 | $ 0.26 | $ 11,326 [Sod may not take first time
(per square foot)
Compost & Seed Application $ 3,200 $ 4,000 $ 7,600 |$400 per acre for good seed

Features One inch application with seed will smooth over rough spots, reduce final grading required.

Benefits Less prep costs, more control over window of time needed to complete job, lower costs
(1.5 inches compost applied is $16.00/c.y. for material and $20.00/c.y. for installation = $36/c.y.total seed cost figured at $400/acre

Total Savings per Acre: | $ 3,726

Installation of Silt Fence $ 0.60 n/a $ 0.90 n/a $ 1.50 n/a Does not work - ineffective
‘per linear foot of installation)
Filter Berm Application (flats) $ 0.80 $ 1.00 $ 1.80
($16/yd product + $20/yd install at 20 linear ft. per cubic yard)
Filter Berm Application (slopes) | $ 2.37 $ 2.96 $ 5.33

($16/yd product + $20/yd install at 6.75 linear ft. per cubic yard)

Features

Aguatic animals able to effectively navigate over berms, no cleanup need

ed, recycled p

roduct, living filter

Benefits

Preservation of local environment, less cos

t, more aesthetically appealin

, more effective at removing sediment

Total Savings per Year:

(need total ft. of silt fence)

Slope Stabilization/Naturalization

($16 per yard for product and $20 for installation)

Mulch applications - seed extra

$ 010]|$ 4320 |$ 0.12

$ 5,400

$ 0.22

$ 9,720

(2" application)

Features Not necessary to seed slopes, soil stays in place, less repair required, aesthetically appealing

Benefits Lower overall land mgt. Cost, more environmentally appealing, less erosion of valuable soil
Installation of Landscape mulch | $ 15.00 $ 25.00 $ 40.00 |(all mulch costs per cubic yard)
‘per cubic yard - manual application)
Custom Mulch Application $ 15.00 $ 20.00 $ 35.00

Features

More even application, use 25% less materials, utilize less labor during peak times

Benefits

More aesthetically appealing, employees do other tasks, less expensive overall
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EFFECTS OF COMPOSTED ORGANIC MATERIALSON THE GROWTH FACTORS
FOR HARDWOOD AND SOFTWOOD TREE SEEDLINGS

Joseph D. Bonnette, Cheogh Ranger Didtrict, Robbinsville, N.C.
Dr. Rosdie Green, NCBA Grant Participant with USEPA
Terry Grigt, Office of Solid Waste, USEPA

INTRODUCTION

This project was a demondtration of the effects of compost on the growth of hardwood and softwood
tree seedlings. Thereisintense interest in identifying cost-effective means to improve the revegetation of
severdly disturbed sites. The slandard method of revegetating these types of Sites generdly involves
seeding and/or planting, fertilizing, and mulching. For erosion control and revegetation, grass seed, pine
seedlings, chemicd fertilizers, sraw and machine-blown pulp mulches are commonly used.

This report was a cooperative effort by the U.S. Forest Service, U.S. Department of Interior Bureau of
Indian Affairs Cherokee Forest Branch and the Office of Solid Waste, Environmental Protection
Agency (EPA). Two mountainous sites were used on the Cheogh Ranger Didtrict of the Nantahala
Nationa Forest and one in the adjoining Qualla Cherokee Reservation in western North Carolinawith
permission of the Cherokee Tribal Council. This effort was funded under Interagency Agreement No.
DW12936577-01-0.

STUDY DESIGN

This study tested the hypothesis that the use of composted products from organic materials has practica
usesin forestry related applications and has the potentid to improve the growth of tree seedlingsin
severely degraded soils. During December 1994, a group of tests were initiated on three damaged (i.e.
compacted or severely eroded) Stes to compare a standard straw mulch to three different composts
used as mulches (i.e. biosolids, yard, and municipa solid waste). Although pines have been developed
for consstent characteristics, both softwood and hardwood seedlings were used to provide a greater
variety of tree seedling responses. White pine, chestnut oak and Chinese chestnut seedlings were
planted. The conifer seedlings were 8-10 inches high and the hardwood seedlings (both oak and
chestnut) were 24-30 inches high in 1994. Seedling growth and response of naturd vegetation were
monitored from December 1994 to the summer of 1998. Comparisons of ground cover, soil erosion,
growth and surviva data, and soil nutrient values showed distinct differences in the four treatments.
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Mulch materias were generdly applied two-inchesthick. Yard compost was shredded leaves, grass,
tree trimmings, etc. donated from Compost Central of Charlotte, N.C. The commercia cost in 1994
was $10/cubic yard. Biosolids compost was wastewater dudge donated from the City of Lexington,
N.C. The commercid cost in 1994 was $21/cubic yard. Municipa solid waste (MSW) was mixed
municipa solid waste donated from Bedminster Corporation of Sevierville, Tenn. The commercia cost
in 1994 was $10/ton or $5/cubic yard. Straw was standard baled straw from Robbinsville, N.C. with a
cost $4/bale, which equates roughly to $12/cubic yard.

DESCRIPTION OF TEST PLOTS

Cheogh Clearcut Site #1: A ydlow pine/upland hardwood site had been clearcut by the sdleto a
commercid timber company. All resdud vegetation was cut near ground level with chainsaws following
thelogging. Thelogging dash and debris were pushed off the test Ste with abulldozer. Most of the
topsoil and some of the organic duff (i.e. partialy decomposed twigs, leaves, etc.) were retained. The
ridgetop ste had eight test plots 12 feet wide by 32 feet long on the southeast face, and eight identicdl
plots on the northwest face. The 50 Year Site Index (i.e. the average height growth of treesin 50 years
of asite) was 75 feet for shortleaf pine and 68 feet for upland oaks. Slopes averaged 30-35%. Soil
samples were taken a 4-5 inches depth prior to the test gpplications for nutrient assessment. All four
mulching materials were used as a 2-inch mulch on the Sixteen test plots. Thirty white pine seedlings
were planted in four tests with different mulches on each Ste of the ridge making atota of eight plots.
Each of the 480 hardwood seedlings were planted in holes approximately 6 inchesin diameter and 12
inches deep made by a hand-held power auger. Each tree was marked with a color-coded wire flag
(Figurel).

Cheogh Landing Site #2: The second test Ste was alog landing devoid of dl topsoil and the remaining
s0il compacted by the trucks and tractors used in previous log harvesting. Site #2 was located on top
of aridge about amile north of Ridge #1 and was surrounded by ayellow pine/upland hardwood stand
on an old road where logs had been loaded on trucks (Figure 2). On dl eight plots, two inches of
mulching materids were turned into the hard- packed soil by use of adisk harrow pulled by afarm
tractor. Additionally, on four test plots, a 2-inch surface mulch was gpplied. Chinese chestnut seedlings
were planted into 12-inch holes made by a 6-inch gas-powered auger bit in each of the eight 30 tree
seedling test plots. Each of the 240 seedlings were marked with a color-coded wire flag.

Cherokee Old Fidd Site #3: Thethird test Site was |located within the Cherokee Reservation on arocky
north dope that had a marked loss of topsoil. At the bottom of the dope was s smdl stream. In an old
fiedd deared of brush, Chinese chestnut seedlings were planted into 12-inch holes made by a 6-inch
gas-powered auger bit. The four test materials were added as a 2-inch layer to each test plot and

turned into the soil with adisk harrow pulled by afarm tractor. An additiona 2-inch layer of mulch was
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added to each of the plots. More intensive datawas

collected on Sites #1 and #2 because Site #3 was compromised when athird 2-inch layer of MSW
compost was inadvertently spread over the entire test Sites including the control site. Although Site #3
could not be used for valid Satistical comparisons, it was quite impressive to observe the average of
about 3 feet of growth per year in those seedlings that received both turned-under and surface-applied
compogt, about 3-inches total around each tree.

FINDINGS

Tree Growth — Ste#1 and Site #2: White pine: Height and diameter vaues after three yearsfor dl of
the composted materids were sgnificantly higher than the values for straw, with the highest in the yard
compost. Chestnut oak: Height and diameter after three years were Sgnificantly higher in dl of the
compost plots compared to the straw plots (Figure 3) with the highest in the MSW compost. Chinese
chestnut: At the log landing, Smilar to chestnut oak, the height and diameter of the Chinese chestnut tree
seedlings were sgnificantly greater in the MSW compost (Figure 4).

Survivd — Ste#1 and Site #2: The surviva rates after three years of growth exhibited certain mixed
results. Therewas agood surviva rate for tree seedlings after planting, regardiess of treetment. Among
white pine seedlings, the 3 types of compogt-treated plots averaged 93% surviva and the straw-treated
plots averaged 92%. All of the hardwood seedlings survived the first year very wel but declined rapidly
in the second and third years. However, this surviva patternistypica of most hardwood species. The
survivd rates of hardwoods among the composts averaged 69% and the survivd rate in the straw plots
were 77%. The surviva rates of the Chinese chestnut seedlings were impeded by chestnut blight
infection and the damage due to atree-fdl across the yard compost plots. Even with the disease and
physical damage, the surviva in the straw plots and in the compost plots both averaged 63%. Among
the three compodts, the highest rate of Chinese chestnut surviva was 75% in the biosolids compost
plots and the lowest wasin the yard compost plots due to damage by the wind-thrown tree. Before the
storm damage, the straw plots showed the lowest surviva.

Herbaceous Ground Cover — Site #1 and Site #2: Herbaceous volunteer cover was estimated by the
percent of ground surface area covered for each plot Sx months after the initia planting. The average
cover for each type of mulch was: biosolids compost a 95%, yard compost at 80%, MSW compost at
60%, straw at 50% and an untreated control on Site #1 a 45%. The natura vegetation by herbaceous
plants on the biosolids compost was remarkable in the first growing season with many plants well over
fivefet in height. The negative height growth of tree seedlings in the biosolids plot in Site #1 measured
after the first growing season could have been due to that dense herbaceous cover shading the seedlings
(Figure5). In all of the composted plots, the vegetation showed a deeper green color with few yellow
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hues compared to the straw plots (Figures 6 and 7). There was no visible soil erosonin any of the
compost or straw plots

during the first year after planting. However, eroson was gpparent during the first year in the untrested
aress. In the second and third years, Smilar trends were noted except that the eroson was visblein the
straw plots aswell as the untreated areas. None of the three compost plots showed any signs of
eroson over the three years of observation. Seridly dated photographs of each test Ste showed
heavier vegetation cover on al of the compost sites compared to the straw plots.

Soil Nutrient Vaues— Site #1 and Site #2: Soil samples were again taken from the center of each of the
24 treated plotsin November 1996, nearly two years after the tests were initiated. Control samples
were taken at Sites#1 and #2 from an adjacent area within 12 feet of the test plots that were Site-
prepared, but not treated with compost or straw. Organic component (Hm %): The soil organic
component (mean vaues) in the straw treated plots was 63% greater than the untreated control but the
compost-treated plots were 140% greater than the untreated control. In Site #1, the MSW compost
showed the highest values, and in Site #2 the yard compost showed the highest values. However, in
damaged mountain ridges, variations in soils could occur within the 1200-square-foot test area.

Soil pH: For the control samples, the mean soil pH was 4.65; for the straw plots the mean pH was
4.75; and for the composts, the mean soil pH was 5.1. The greatest gainsin soil pH were in Site #2
where the compost was plowed into the soil and additional compost was surface-applied. On Site #2,
the straw plot pH was 4.9; the untreated control was 4.7; and the composts averaged apH of 5.5. A
soil pH of 5.5 is consdered to be minimum desirable leve for growing hardwood trees on these aress,
indicating that soil pH was borderline for compost-treated chestnut oak and Chinese chestnut in these
mountainous Soils.

Soil nutrient values. Phosphorus (P) was not detectable in any of the control samples or in any of the
samples taken from the straw-treated plots. The P mean valuesfor al of the compost -treated plots
was 23.1, and the highest levelsin this group were in the biosolids compodt-treated plots. The
potassum (K) and cacium(Ca) vauesfor the control and straw samples were virtualy the samefor dl
areas and the mean vaues for the compost-treated plots were gpproximately twice as high asthe
control or straw plots. The secondary and micro-nutrient vaues for magnesum (Mg), manganese (Mn),
zinc (Zn), and copper (Cu) were sgnificantly higher in the compost-treated plots. The greatest
difference of dl the nutrients was in the Zn vaues where the compost samples showed more than nine
times the values of the control and straw plots. It isimportant to note that the levels of most of the
nutrients found in al soil samples were described by the soil scientists as below the desirable levelsfor
nursery and field tree crops. Thelow P values were labeled as the mogt critical. None of the nutrient
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vauesin any of the plots were raised to the highest acceptable vaues (see Table 1).

TABLE 1. THE NUTRIENT VALUES OF SOIL*

Value Straw Compost Contral
Hm (organics) 0.44 0.65 0.27
pH 4.75 5.1 4.65
P-1 0 231 0

K-1 33.0 64.4 29.0
Ca% 12.8 37.7 13.0
Mg % 6.2 10.4 6.0
Mn-1 84.0 90.4 53.5
Zn-1 20.2 182.7 21.0
Cu-1 40.1 100.5 32.0
S1 146.2 141.1 169.5

* North Carolina Agronomic Division reported as standardized index or percentage of the
cation exchange capacity (CEC).

Cherokee Site #3. Each of these plots inadvertently received additiond MSW compost over most of
the area plots after a severe sorm washed the origind 2-inch layer of compost downhill in afew aress.
The washtdown may have been attributable to the fact that the compost was newly applied and had
been screened to 1/4-inch or less rather than the conventiond %2 3/4-inch screening Sze. Although the
additiond unplanned MSW mulching diminated the Site #3 data from any vaid data comparisons, the
results were unexpectedly sgnificant. The median height growth of dl of the surviving seedlings after 22
months was 48.1 inches. The average diameter of dl the seedlingswas 0.81 inches. The overal
aurviva rate was over 76%. The growth in Site #3 was much greeter than in the plot at Site #2
origindly turned under and surface-mulched with yard compost (Figures 8 and 9). The averagetreein
the yard-compost plus MSW compost plot was dightly over 100 inchesin height and was 0.89 inches
in diameter; however, some measured over 180 inchesin height and about 1.4 inchesin diameter. The
height growth across dl of the compost test plots was dightly greater than the test plot originaly treated
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with straw only. The straw test plot was accidentaly “treated” with a 2-inch layer of MSW compost
over the straw. These trees appeared to be sustaining their exceptiona growth through the end of the
third year, including an average height of 15 feet in the yard/M SW compost plot. In the biosolids test
plot (Figure 10), herbaceous volunteer growth continued to be robust after three years, compared to

the control and straw-treated plots, which is congstent with the use of biosolids compost to establish
permanent turf.

CONCLUSIONS

Naturd vegetation and soil stabilization response were visbly superior in the compod-treated Sites.
Compost-treated test plots had much more visible natura vegetation response and clearly had no soil
eroson and higher soil nutrient vauesin each of the following three-and- haf years after treatment.
During the first year after trestment, the biosolid compost plot showed the highest density of natural
revegetation of grasses and leafy plants and provided the best protection against soil erosion. After
amost four years, dl of the compost treatments were shown to be revegetated to a much greater degree
than the straw treatments. Soil eroson was non-detectable in dl of the compost plotsin Sites#1 and
#2. Minor soil eroson was visble in the 2-inch straw-treated plots and vegetation recovery was dower
and lessdense. Soil nutrient values and pH had recovered far better in the compost-treated plots
compared to the untreated control and straw-treated plots. The hardwood seedling tests showed mixed
results between the four trestments early in the test period, but most of the compost plots resulted in
better growth and higher surviva rates throughout the three-year test period. All tree seedlings clearly
grew larger in height and diameter in the compogt plots than in the straw plots. Surviva of pine
seedlings was aso greater in each of the composted plots than in the straw plots.

The reaults of this project after three-and-a-hdf years of monitoring show that compost mulching is
congstently superior to straw mulching for revegetating severdly disturbed sites. Furthermore, results of
the combination of disked-under compost plus compost mulching showed both superior surviva and
growth potential of hardwood and softwood tree seedlings even in soil of borderline nutrient value. In
this particular study, the height and diameter growth of white pine trees was greatest in plots treated with
yard compost, while the height and diameter of chestnut oak and Chinese chestnut trees was gregtest in
plots treated with MSW compost. Forestry application benefits were: gained soil rehabilitation, growth
of planted seedlings, natura revegetation and in the prevention of soil erasion.

RECOMMENDATIONS

The data produced by this three-year demondtration show that the gpplication of mature compost
contributed to a significant accelerated growth of hardwood and softwood tree seedlings when
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compared with straw and no treatment. The enhanced growth by al three composts could have
positive economic implications for public and private tree growers, the lumber industry, the furniture and
building congtruction industries, the biomass/utility/energy industries and the environmenta entities
dedling with clean air and globa warming even though the initia costs of usng compost may be greeter
than straw.

The reproducibility of this study, however, remains to be tested due to the nature of types of composts
used inthe study. Firgt of dl, the mature yard compost used was kept thermophilic (120- 140 degrees)
for about five months ingtead of the usud 3-8 days. This processis standard for the company making
this compost and was used for the purpose of this study. I1n addition, the mature MSW compost used
was made from mixed municipa solid waste from resdentid and commercia generators (i.e. compost
made from municipa solid waste that has not had recyclables removed). This meansthat the MSW
compost contained a greater diversity of organic materials such as food scraps, paper and other
organics. These feedstocks are not usudly found in combination in most commercid MSW composts
currently being made. It is uncertain what beneficid effects, if any, these factors may have had on the
quaity and composition of the MSW compost. In addition, the composts used in ths sudy were
andyzed by three laboratories for different compositiona characterigtics, making comparative anadyses
of resultsimpracticd.

In this sudy, dl three composts (yard, MSW, and biosolids) had a 2% nitrogen (N) level which ismore
than twice that generdly found in most commercid yard waste composts. We recommend that future
demondtrations compare these composts to those more commonly found in the marketplace.
Additiondly, future studies should consider substituting a commerciadly-vauable hardwood, such as
white oak, for the chestnut oak; and that a commercid variety of fruit or nut tree be subgtituted for the
Chinese chestnut. Al tree seedling planting and measurements should continue to be under the
supervision of experienced forest service personne. Compost analyses should be done by asingle
laboratory and that the [aboratory meet the standards defined by the U.S. Composting Council.

Figuresand color photographs can be seen on the U.S. EPA website:
http:/Amww.epa.gov/epaoswer /non-hw/compost/tr ees.pdf
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COMPOSTING BIOSOLIDSIN VIRGINIA:
CASE STUDIESOF THREE FACILITIES

Eliot Epstein, Ph.D. and Charlie Alix
E& A Environmental Consultants, Inc.
95 Washington Street, Suite 218
Canton, MA 02021

Michael Maiden
Town of Abingdon, Virginia

CurtisPoe
Harrison-Rockingham Regional Sewer Authority
Mt. Crawford, Virginia

Norman W escoat
Rivanna Water & Sewer Authority
Charlottesville, Virginia

ABSTRACT

Composting of biosolids generated from wastewater trestment plants (WWTPS) has continued to
increase over the past 16 years. There are gpproximately 280 biosolids composting facilities
currently operating in the United States. The production of an “Exceptiond Qudity” (EQ)
product as outlined in the United States Environmental Protection Agency (USEPA) Part 503
Regulations, system flexibility, and economics are key factors that have led to the continuous
increase in the number of operating facilities. This paper will present information on three
operating biosolids composting facilities in the Commonwedth of Virginia The three facilities
are the Town of Abingdon facility, the Harrisonburg- Rockingham Regiond Sewer Authority
(HRRSA) facility in Mt. Crawford, and the Rivanna Water and Sewer Authority (RWSA) in
Charlottesville. For each fadility, information such as facility design, equipment, capita codt,
operating costs, operationd experiences, and product marketing programs will be provided.

The Town of Abingdon had been disposing dewatered biosolids in alandfill. Based on a
demondtration project and cost analysis, the Town decided to compost and produce an EQ,
marketable product. The facility utilizes yard waste collected by the Town as a bulking agent,
and composting occurs on an open pad adjacent to the WWTP. The facility composts
approximately one dry ton of biosolids per day. The facility markets the finished compost under
the name Wolf Creek.

The HRRSA facility was designed to compost 5.5 dry tons of 25 percent solids digested
biosolids per day. The facility has been operating since January 1996 and currently composts
goproximately 2.5 dry tons of biosolids per day, with the remaining 3 dry tons utilized in aliquid
land gpplication program. The facility utilizes wood chips asabulking agent. All materias
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handling processes are conducted on a concrete pad, and curing occurs on asphalt pads. The
materias handling, composting, and curing areas are covered. The compost is principally sold to
local landscapers and the Virginia Department of Transportation for highway landscaping and
wildflower production.

The RWSA facility currently composts approximeately 7.7 dry tons of biosolids per day. The
facility began operating in 1984 and consigts of a covered agphat composting area and mobile
materids handling equipment. The fadility utilizes wood chips and shredded pallets as a bulking
agent. Based on arecent biosolids management study, RWSA decided to cease landfilling and
divert dl of the biosolids generated a the WWTP to the composting facility. As such, the
fadility is currently going through an expansion to 13.5 dry tons of biosolids per day. Inthe
expansion, the composting area and the bulking agent storage areawill be increased, and dl
materias handling will be conducted under cover. The finished compost is sold to local
residents and landscapers.

INTRODUCTION

Composting of biosolids generated from WWTPs has continued to increase over the past 20
years. Figure 1 shows the growth of biosolids composting in the United States since 1985.

FIGURE 1
Number of Biosolids Composting Facilities
Operating in the United States
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There are saverd factors that contributed to this continua growth:
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Federd Regulations— The USEPA encourages beneficid use and production of Class A,
EQ products.

Economics— Composting, after direct land application, is the most economical biosolids
management option.

System Hexihility — Numerous options in syslem design are available to suit locdl
conditions.

Product Marketability — The compost produced is widely marketed and accepted.

The growth of biosolids composting should continue and will probably increase as aresult of
public apprehension over land application of Class B biosolids. Currently, there are locd land
goplication bansin areas of Cdifornia, Virginia, New Hampshire, and Maine.

Biosolids composting produces a Class A product, which has numerous gpplicationsin
agriculture and horticulture. Income from the sde of the product has often significantly reduced
operating costs.

This paper will describe three operating facilities in the Commonwedlth of Virginia Thethree
facilities are the Town of Abingdon facility, the HRRSA facility in Mt. Crawford, and the
RWSA fadility in Charlottesville.

ABINGDON, VIRGINIA

The Town of Abingdon dewaters anaerobicaly digested biosolids usng a centrifuge to atota
solids content of between 16 and 21 percent. As part of a previous WWTP expansion, the
facility included a 34,000 square foot asphdt pad for use as a composting area. Dueto low tip
fees, the Town determined that |andfilling biosolids was more cogt effective. With tip feesrisng
and the hauling distance to the nearest landfill increasing, aong with adesire to beneficidly

reuse the biosolids, the Town began to investigate co-composting the biosolids with yard waste
and wood waste. Based on their initid investigation, they decided to evduate afull-scale
compodting facility. A composting demondtration project was initiated in October 1998. Based
on the demongtration study, a conceptua design and economic andysis was conducted. This
resulted in implementing the current fadility.

Site and System Design

The gteislocated a the Town'sWWTP. The overadl ste contains the composting area and the
yard maerials sorage area. In addition, afinished compost storage building was located away
from the activities of the WWTP. Thisalowsfor public access and sdes. The composting area
is paved and doped o that run-off is drained and returned to the WWTP. The facility congsts of
the following dements

Three-sded concrete biosolids receiving bin

Mixing areawith batch mixer that discharges mix into two-sded concrete bunker
Composting pad containing five 5-horsepower blower stations and control building (pad
is designed for 28 cdendar days of composting)

Bulking agent storage area
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Screening area located between bulking agent storage area and mixer to minimize
materids handling
Covered agrated curing area with four blowers
Finished compost storage area
Economics
The capitd cogsare shownin Table 1. An estimated cost for the composting pad that was
previoudy constructed is approximately $156,000.
TABLE 1 - Capital Costsfor the Abingdon Facility
Category Cost
Curing Building $60,000
Site Work $0
Asphat Pad $0
Control Building $2,500
Mixer $40,000
Compost Blowers %$1,500
Curing Blowers $500
Miscdllaneous Piping $500
Mobile Equipment
Front-end Loader °$41,000
Screen $135,000
Electrica Service $0
Electricad Connections $2,000
Temperature Probes & Misc. Equipment $1,000
Subtotal $284,000
Engineering, Start-up, Marketing Assistance $30,000
Tota $314,000
#Three 5-horsepower blowers were dready on the site.
PThe front-end loader costs were shared with other public works ativities.
Operating costs are shown in Table 2. These costs are based on 293 dry tons per year of 18
percent solids.
TABLE 2 - Operation and Maintenance (O& M) Costsfor the Abingdon Facility
Category Cost
Labor® $0
Maintenance’ $9,100
Fuel® $1,500
Electricity” $800
Y ard Waste Grinding $10,000
Monitoring® $2,400
Miscellaneous $2,500
Total O&M Costs $26,300
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| ©&M Costs Per Dry Ton of Biosolids® | $90 |

*No additiona labor was hired.

PBased on annual maintenance cost of 3 percent of screen capital, 5 percent of mixer capitd, 5
percent of front-end loader capita, purchasing new agration pipe, and $1,000 maintenance for
the asphalt pad.

“Based on 3 galong/hour and 12 hours/week for the front-end loader, 3 gallons’hour and 7
hours'week for the screen, and $0.60/gdllon for diesel fuel.

“9Based on mixer and blower estimated usage rates and $0.05/Kwh.

®Based on 12 samples monitored for nutrients and metals.

"Miscellaneous includes insurance and licensing fees.

9Based on 293 dry tons per year.

Table 3 shows the estimated first year annua costs. These cogts include revenue from compost
sales and revenue from leaf compost sdes. A separate leaf compost is produced in an area
adjacent to the biosolids composting area. The leaf composting is part of the overall composting
activities of the facility. In the second and following years, additiond revenue is expected from
biosolids ddivered from other communities. In addition, tip fees from yard waste/wood waste
are currently $0.

TABLE 3-Annual Costsfor the Abingdon Facility (based on processng 293 dry tons of
biosolids)

Category Cost
Annudized Capitd $38,000
Annua O&M $26,300
Totd Annud Costs $64,300
Tota Annua Cost/Dry Ton of Biosolids $219
Revenue from Leaf Compost Sales $9,600
Revenue from Compost Sdles $16,400
Totd Annua Costs Minus Revenues $38,300
Tota Annua Costs Minus Revenues/Wet Ton Biosolids $131

Product Marketing

The product is of excdlent qudity. 1t meets USEPA Exceptiona Qudity criteria Thereisa
high demand for compost in the Town of Abingdon and the Tri-Cities of Bristol, Johnson City,
and Kingsport, Tennessee, which are nearby. The principa markets are nurseries, greenhouses,
landscapers, and topsoil blenders. Two different products are being sold. The screened | eaf
humusis priced a $13 for quantities of 1 to 24 cubic yards. Discounts are provided for larger
guantities. One-cubic-foot bags and three-cubic-foot bins are sold at $3 and $5, respectively.
Biosolids compost is sold for $15 per cubic yard for quantities up to 24 yards and $11 per cubic
yard for quantities of 24 to 100 cubic yards. Bags and bins are sold at $3.50 and $6,

respectively.
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HRRSA

The HRRSA operates a 16 million gallons per day secondary treatment plant that serves
gpproximately 40,000 persons and accepts a Significant amount of industria wastes from four
area poultry processors. The North River Wastewater Plant was recently expanded from 8 to 16
million gallons per day and is currently treating 9.1 million gallons per day of wastewater.
Thickened dudge from the treatment plant is anaerobically digested prior to being dewatered

with anew high-solids belt filter press. A covered Aerated Static Pile (ASP) compodting facility
was constructed in 1995 and began operations in 1996.

Site and System Design

Although the design and congtruction of these facilities included dewatering and composting,

this paper will discuss the composting portion of the facility only. The composgting facility is
designed to process 5.5 dry tons per day of 25 percent tota solids digested biosolids cake on a
five-day-per-week operating bass. A description of the process flow and equipment features at
this facility follows:

Site Characteristics — The composting facility islocated on a two-acre parcel of land
immediately adjacent to the existing digesters and dewatering building at the North River
Wadtewater Plant. Minimd dte grading and other preparation activities were required
for the condruction of the composting facility. All biosolids receiving, mixing,
composting, drying, screening, curing, and compost storage activities occur under a
40,000-square-foot pre-engineered metd building.

Materids Ddlivery and Processing — Dewatered biosolids are conveyed from the belt
filter pressto a concrete storage bunker in the composting facility. Wood chips are
delivered in dump or live-bottom trailers for use as the primary bulking agent. A portion
of the wood chips (up to three operating days worth) can be stored under cover, with the
balance stored outside on an asphalt pad.

Bulking Agents— Papermill-quality wood chips are used as the primary bulking agent
and are supplemented with alimited amount of yard waste available from the
Rockingham County Landfill. An asphalt storage pad is provided for storage of new
bulking agent as well asrecycled bulking agent.

Mixing — Mixing of the bulking agents with biosolids occursin an eectricdly driven 18-
cubic-yard batch mixer. The batch mixer is equipped with weigh scales to determine
exact quantities of each of the bulking agents as well as the biosolids used in any given
mix. A front-end loader is used to load the batch mixer with the biosolids and the
bulking agent. After thoroughly mixing these materids, the initid mix is discharged into
a 60-cubic-yard three-sided concrete storage bunker, which is aso under cover in the

compodgting building.

Composting — Composting of the biosolids occurs under cover in a 15,000-square-foot
area. A front-end loader picks up the mixture from the initid mix discharge bunker and
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placesit in the static pilesin the compogting area. The facility is designed to dlow a one-
foot base of wood chips to be placed over aeration piping, followed by eight feet of mix
and a one-foot insulative cover of recycled compost. Compost piles are gpproximately 90
feet long. Polyethylene pipeis used to supply aeration to the compost piles. Sixteen
aeration gtations, each capable of providing 630 cubic feet of air per minute at eight
inches of water column, service two polyethylene headers spaced approximately four feet
apart. Each blower dation is cgpable of operating in the induced draft (negative) or
forced (positive) agration mode, depending on operator preference and the stage of the
composting process. Negative aeration alows capture of the odorous exhaust and
treatment through a biofilter system. To date, the facility has experienced no odor
problems and only practices poditive agration. The aeration rate delivered to the static
pilesis controlled based on operator adjustments through a centra programmable logic
controller system. Allowance for up to five days of aerated drying is aso provided in the
compogting building for times when additiond drying is necessary.

Screening — After composting, the materid is screened through a deck-type screen. The
screening system has a capacity of 40 cubic yards per hour and produces a 3/8-inch
minus compost product for curing and use.

Curing — Aerated curing is provided under cover using portable blower stations and
perforated polyethylene pipe. Thisareaislocated adjacent to the composting areaand is
szed to handle 30 days of screened compost production. Six portable aeration stations
are provided in the curing areafor postive aeration. Cycling timers control aeration rates
as necessary in this stage of the process. Upon completion of the curing period, the
compost is stored under cover or moved outside to the storage areafor marketing. The
paved storage area provides up to two months' capacity for the finished compost product.

Odor Control — Odor control at this composting facility conssts of treeting process offgas
from the most odorous composting process and trestment through a biofilter system.

Initid modding at the fadility indicated that the nearest receptors, approximately 1,000
feet from the facility, would not be adversely affected with this type of odor control
approach. A 3,150-cubic-feet-per-minute biofilter has been provided to dlow a 60-
second residence time of odorous gasesin the open bed biofilter system for trestment.
Moigture contral is provided through in-line humidification and surface irrigation. To

date, use of the biofilter system has not been required.

Two part-time operators are utilized to operate the composting facility two to three days per
week. These operators also perform other plant operations, such as dewatering, land application
of liquid biosolids, and other duties within the wasteweter plant operation.

Economics

The capitd cogts for the covered composting facility are shown in Table 4, and the operating
costsare shown in Table 5.
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TABLE 4 — Capital Costsfor the HRRSA Facility®
Category Cost
Total Capitd Cost® $1,510,000
Cost per Dry Ton per Day of Capacity $274,500
Cost per Wet Ton per Day of Capacity $68,600

*HRRSA costs based on 5.5 dry tons per day, 5 days per week, and 25 percent total solids cake.
PIncludes dl facilities, equipment, site work, engineering, permitting, and construction
management. Land costs and dewatering costs are not included.

TABLE 5—Annual O&M Costsfor the HRRSA Facility

Category Cost () % of Total
L abor $39,500 55
Utilities $3,600 5
Maintenance $2,100 3
Bulking Agent $13,300 19
Fue $1,800 2
Miscdlaneous $11,400 16
Totd $71,700 100
Compost Revenue® $16,800 --
Net O&M Costs? $54,900 --
Net O&M Costs/Dry Tons® $120 --

®Based on the facility processing 458 dry tons during fiscal year 1999.
Product Marketing

A compost marketing assessment was performed in mid-1994 to determine potential demand for
acompogt product. Currently, the HRRSA isinitiating a program to market the compost using
in-house personnel. The product is sold for $15 per cubic yard. One of the biggest users of the
product in the past has been the Virginia Department of Transportation. They use a condderable
amount on intermediate highway girips for wildflower vegetation.

RIVANNA WATER AND SEWER AUTHORITY

The Rivanna Water and Sewer Authority (the RWSA) currently operatesa 7.7 dry ton per day
compodting facility to handle most of the biosolids produced by the Moores Creek Wastewater
Treatment Plant. The WWTP is desgned to handle 15 million galons per day (MGD) and is
currently tregting an average of 11 MGD. The existing composting facility processes about 78
percent of the biosolids currently produced a the WWTP. The RWSA is currently constructing
an expangon to the existing composting facility that will increase the capacity to 13.5 dry ton per
day. Thiswill provide sufficient capacity to process dl the biosolids produced at the WWTP at
the full design flow of 15 MGD.
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Site and System Design

The facility is an agrated static pile composting operation located at the Ste of the WWTP. The
exiding facility conssts of a 90 X 293 foot roof only structure and an asphat pad for find

product storage. The expansion will include an additiona 70 X 293 foot roof only building and a
new asphalt pad to provide ddivery accessto the expanded facility. The exigting building will
house the aerated datic piles. Capacity for 18 days of composting will be available. The new
gructure will house the mixing, biosolids, and bulking agent recelving and Sorage areas. The
fadility will congs of the following dements:

- Three-sded concrete bunker that will provide two operating days storage of biosolids.

- Staionary batch mixer that will discharge to athree-sided concrete bunker.

Two two-sided concrete bunkers that will provide up to 17 operating days storage of recycled
bulking agent and four days storage of new bulking agent.

- Screening arealocated under the roof adjacent to the recycled bulking agent storage bunker.
22 computer-controlled blowers will provide agration to the compost based on atemperature
and an adjustable time cycle. The composting piles are designed for a saven foot mix height.
Thisdlows future increases in capacity by increasing the mix height of the piles.

- All of the new floor space will be asphdt with no concrete floors.

- No odor control systemis provided.

Economics

Thetotd capita cost for the composting expansion is estimated at $1,000,000. Table 6 outlines
the capita cost.

Table 6 — Capital Costsfor the Rivanna Composting Facility

Category
Site Work $58,300
Pads & Wadlls $117,200
Structures $468,900
Blowers & Mixer $150,000
Electricd & Controls $55,600
Engineering & Contingency $150,000
Total $1,000,000
Table 7 - Estimated O& M Cost for Expanded Facility Handling 13.5 DTPD

Category Cost
Labor $113,670
Bulking Agent $65,000
Equipment Maintenance $37,650
Site Maintenance $8,091
Fuel $34,632
Electricity $16,500
Product Monitoring $2,000
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License Fees $900
Miscellaneous $1,460
Tota O&M Cost $279,903
Compost Revenue (@ $13 per cubic yard) $212,900
Net O&M Cost $67,003
Net O&M Cost Per Dry Ton $19.08
Table 7 Total Annualized Cost Based on a 7% Discount Rate
Category Cost

Amortized Capital (Existing Fadility)” $70,600
Amortized Capita (Expansion) $101,600
Oo&M $279,900
Tota Annua Cost $452,100
Compost Revenue $212,900
Net Annual Cost $239,200
Net Annuad Cost per Dry Ton $68.15

lFrom the RWSA Records

PRODUCT MARKETING

The compost product is of excellent quality and meets US EPA Exceptiona Qudity criteria.
Demand is good for the product and the RWSA currently charges $13 per cubic yard for the

finished compost. Since a detailed marketing study has not been performed it is not known if the

increased compost production will effect the cost given the current market.
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MEDIUM-TO-LAGE-SCALE VERMICOMPOSTING SYSTEMS

Rhonda Sherman-Huntoon
North Carolina State University
Biologica & Agriculturd Engineering Department
Box 7625, Raleigh, NC 27695- 7625
Phone: 919/515-6770 Fax: 919/515-6772
E-mail: sherman@unity.ncsu.edu
URL: http://mww.bae.ncsu.edu/peopl efaculty/sherman

Ingtitution and business managers are looking for new ways to divert waste from their digposd systems.

Food waste and other organic materias are of particular concern because they can be as much as 90
percent of afacility’ stotal waste stream. However, businesses and indtitutions often do not have
enough space to compost their organic materias on-Ste or there are no composting operations within a
reasonable disgance. Therefore, many facilities managers are investigating the possibility of
vermicompodting their organics.

This presentation will provide an overview of the types of vermicomposting sysems used at 13
ingtitutions and businesses located throughout the United States and Canada. Slides will depict avariety
of systems that were either commercidly produced or designed and built on-gte. The following types of
fadlitieswill be highlighted:

* Elementary schoadl in Pennsylvania

* Air force base in Nova Scotia

* Hospita in New York

* 28-gory downtown office building in Ontario

* Processor of grocery chain food scraps and municipa organic materiasin Oregon
* Correctiond facilitiesin North and South Carolina, Cdifornia, and Florida

* Athletic arenain Washington

* Collegein Washington

* Federd building in North Carolina

Four correctiond facilities in the Carolinas- - Caledonia, Brown Creek, and Sampson in North Carolina,
and Broad River in South Carolina--are expanding projects with on-ste composting and
vermicompogting of organic residuas as they examine ways to reduce the amount of garbage they send
to landfills. Severd other North Carolina prisons are congdering adopting these methods of waste
reduction in the future in response to Governor Jm Hunt's cal upon state agency managers to
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implement more environmentaly-sustainable practices. The governor has asked state agenciesto “look
for ways to reduce the use of natura resources, diminate waste and limit environmenta impact, and
serve as modds of environmenta stewardship.” Furthermore, state officids are

consdering expanding executive policy to specificaly address food waste recycling by requiring state
agencies that operate food service establishments, such as snack bars, cafeterias, dining hdls, etc., to
implement programs to recover and recycle edible and inedible food when feasible and practicable.
Reducing waste will also save taxpayers money; during FY 1997-98, 83 correctiond facilities satewide
disposed of atota of 31,710 tons of solid waste at a cost of $791,205.00 (average disposal fee of
$24.98 per ton).

CALEDONIA CORRECTIONAL INSTITUTION

In 1995, Cdedonia Correctiond Ingtitution in Halifax County was the firgt prison in North Carolinato
implement on-site composting. Located on 7,600 acres near the Virginia border, Caedonia has dways
diverted kitchen scraps from their waste disposa system, initialy by giving them to a nearby hog farmer
who collected them two or three times aweek. When hog prices plummeted in 1997, the hog farmer
severely cut back on food scrap collection, and prison managers scrambled to find another method for
keeping the materias out of the landfill. They obtained a one-year pilot permit from the state which
dlowed them to implement windrow compogting. 1n the meantime, Caedonia began the lengthy
process of gpplying for a permanent facility composting permit while designing and congtructing abin
system. As soon as the permit was gpproved in May 1998, they began composting in aerated bins.

The $40,000 forced-air static composting system was designed by the prison’ s maintenance supervisor
and carpenter. The system conssts of 12 bins, divided into two rows of sx, and each binis 7 feet long
by 7 feet wide by 5 feet tal. The front of each bin has six 2 by 8sthat can be removed two a atime
by a person on each end. The capacity of each bin is 36, 30-galon barrels, or over 9,700 pounds of
food scraps. The floor of each bin has 16 BioPlates for aeration and leachate. The BioPlates,
congtructed of fiberglass and concrete at a cost of $89 apiece, are strong enough to withstand the
weight of askid loader. Thetop of each BioPlae isflat with cones undernegth that rest on a concrete
pad, thus raising the plate severa inches off the floor so leachate and air can move through the numerous
holesinthe plate. A 980 cubic feet- per-minute fan for each bin is operated on atimer to aerate the pile
by forcing air through the center of the system and up through the BioPlates in the floor. When aeration
is needed, usualy for moisture reduction, the blowers run for 10 minutes every hour on the hour.
Moisture is usudly added at arate of 25 gallons a atime by placing a portable irrigation sprayer on top
of the compost pile that uses a 3 gdlon-per-minute eectronic water meter. They presently use the “dig
and squeeze’ method of moisture testing, but plan to obtain an eectronic moisture reader. An overhead
irrigation system was considered but rejected due to the prohibitive cost of purchasing an ectric water
meter for each bin ($113 for each meter) to meet the requirement of keeping daily records for their
permit. Leachate runsto atrough between the two rows of bins and into a 1,500-gallon septic tank.

129



Case Studies

Session

The collected leachate is handled by three dternative methods. elther added to bins to increase moisture
levels or land-applied as alowed by their permit or processed at their wastewater treatment plant.

Caledoniais composting food scraps, paper products from the kitchen, 100% cotton t-shirts, and

bones. T-ghirts are only occasionally added to the bins. About 12 barrels (30-gdlons each) aday are
generated of food preparation waste, |eftovers, and scrapings from inmates  plates. When dl of the bins
are operding, they plan to compost cannery waste plus kitchen scrgps from two smaller correctiona
facilities next door. Because the maximum security inmates housed at Cdedonia are indligible to work a
the compodgting facility, ateam of three inmates from the minimum-security facility next door use a front-
end loader attached to atractor to fill and empty the bins. Wood chips, obtained at no cost from a
nearby paper company, are used as a bulking agent. They initidly tried using wheat straw and poultry
litter separately as bulking agents, but both compacted so much that the forced-air system didn’t work
and inmates had to hand-turn the piles. Inmates apply a 4-inch layer of wood chips (two Bobcat
scoops or 420 pounds) on the bottom of the bin, then add 4- to 8-inches of food scraps (12 drums;
190 pounds), then 10 pounds (5 scoops) of 46 percent nitrogen urea from afertilizer company (to
increase pile temperature). This procedure is repested three more times until the bin isamost full and
then capped with a4-inch layer of wood chips. The materias remain in these layers during the next two
weeks,; no agitation or mixing takes place since the bins are aerated with forced air. From May 1998
through March 1999, Caedonia composted 131 tons of organic materias.

Organic materials are composted for about two weeks, and then the bins are emptied into windrows for
a least two months of curing. So far, Caledonia has been usng most of the compost as a bulking agent
in the bins because the wood chips and compost can be reused three times for this use. Eventudly the
compost will be screened and used to grow day lilies or spread on fidds for crops.

One prison officid and three inmates maintain the composting operation. They spend about an hour a
day checking the bins, and twenty minutes taking temperature readings of the five bins currently in use.
It takes two to four hours to empty and refill the bins and mow grass around the site when needed. A
separate crew conssting of a corrections officer and two inmates delivers about 40 barrels of food
scraps once aweek to the composting Ste. Approximately 8 to 12 barrels of kitchen scraps are
generated daily and stored in afenced area near the kitchen. The crew spends about an hour per week
hauling the barrdls of food scraps over to the composting Site.

Cdedonia is il trying to get the kinks out of the their composting systlem. The biggest challenge
occurred the first winter when bin temperatures would not rise enough to meet their permit
requirements. This problem was attributed to the BioPlates lying on a concrete pad that did not alow
the binsto hold heat. The bin contents were emptied into windrows during the coldest months of
winter. A couple of other “lessonslearned” are dso associated with the BioPlates. To dump the
organic materids into each bin, they were driving a skid loader right onto the BioPlates. They didn’t

130



Case Studies
Session
redize until severd months later that the Bobcat tires were pushing the organic materids into the holes of
the plates and plugging them up. Now they use afront-end loader attached to atractor so that the tires
only roll onto the firgt three inches of the plates. Another problem wasthat alot of grease was being
added to the bins, and the spaces between the concrete pad and the BioPlate cones were getting
clogged with grease and impeding the flow of air and

leachate through the holes.

The bin syslem would aso be improved by adding more overhang to the roof and curtains on the sides
of the binsto keep out rain. They also could use asphalt around the bins to prevent the skid loader from
getting hung up where the gravel doesn’t come up to the sdes of the bins.

Thus far, Caedonia has no cost savings associated with their composting operation. There are no
disposa savings because food scraps were never sent to alandfill or wastewater treatment facility. And
snce they haven't used the compost yet, Caedonia has no documented savings on its use as afertilizer
or soil amendment.

BROWN CREEK CORRECTIONAL INSTITUTION

Near the South Carolina border in Anson County (NC), Brown Creek Correctiona Ingtitution (BCCI)
implemented a comprehensive waste reduction program that includes composting and vermicomposting.
BCCI reduced their solid waste disposal by 67 percent, from 333 tons (28 tons per month average) in
1996-97 to 73 tons (9 tons per month) in 1998-99, saving the state more than $4,000 in disposd fees.
During 1997-98, BCCI recycled 62 tons (reaping revenues over $5,000), composted 43 tons, and

recovered 8,488 articles of clothing (worth $17,848) by hand sorting al of their garbage.

In August of 1997, BCCI began their experimenta vermicomposting project. Firg, they built a 24-inch
by 48-inch wooden box and added five pounds of redworms and food waste to the shredded paper
bedding. A few months later, two additional worm bins measuring 24-inches by 28-inches were set up
after converting them from a used wooden shipping crate. Worms were taken from the originad worm
bin to stock the new bins. All three bins are located insde a greenhouse used for athergpeutic planting
program for chronicaly-mentaly ill inmates who mix the worm castings with soil to grow vegetables and
flowers. Built of salvaged stedl bridge beams, the 20 foot by 24 foot worm bin is divided into three
sections by recovered concrete blocks. They stocked smdl sections of this vermicomposting unit with
worms harvested from the greenhouse bins. Since the project began, they have not purchased
additiond worms; they continue to expand their vermicompaosting program with worms raised in the
origind greenhouse box.

The vermicomposting project is staffed by one correctiond officer and one inmate who spend
gpproximately 15 to 30 minutes each week checking on the worm bins, and 30 to 45 minutes twice per
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month adding food resdudsto the bins. They discovered that |ettuce leaves and other food scraps that
decompose rapidly are more suitable for the worms than whole potatoes or broccoli stalks, so only
certain organic resduas from the waste stream are fed to the worms. Plate scrapings, which could have
grease or meet mixed in, are not added to the worm bins. The following types and amounts of food are
added to worm bins per feeding: 60 to 80 pounds of lettuce, 5 to 10 pounds of coffee grounds, 3to 7
pounds of paper and paper egg crates, and 10 to 15 pounds of banana pedls. Through April 1999, the
tota amount of food added to the worm bins was 915 pounds of paper, 640 pounds of lettuce, 170
pounds of coffee, and 200 pounds of banana pedls.

BCCI’ sfirg compogting bin was fairly smal, congtructed of wire and concrete. They soon redlized that
alarger system was needed to compost pre- and post-consumer food scraps, dryer lint, and hair
clippings from their barber shop. So, inmates constructed a three-compartment composting bin from
wood and wire measuring 4 feet by 12 feet by 5 feet high. The bin system worked fine, so
Superintendent Rick Jackson planned to have more bins built, until he heard about Organic Wastes
Recycling Grants avallable from the state Divison of Pollution Prevention and Environmenta Assistance.
Jackson applied for and was awarded a grant for a demonstration project of food waste source-
separation and in-vessel composting. 1n early June 1999, BCCI set up a Greendrum In-Vessdl
Composter, distributed by RKB Enterprises of Norfolk, Virginia. The $39,000 rotary-drum
composter, measuring 6 feet in diameter and 16 feet long, has a 900 pound per day capacity. The unit
takes one part food to two or three parts amendment for bulking and moisture reduction. Organic
wastes are loaded at one end, passed through a grinder, and moved through the drum by gravity (it son
atwo-degree angle). Retention time ingde the chamber is one week, followed by one month of curing.
Jackson aso purchased an identica composter so the two units can handle the 1,400 pounds per day
of food scraps generated at BCCI and 400 pounds of food scraps produced daily at asmaller prison
next door.

BROAD RIVER CORRECTIONAL INSTITUTION

In 1990, a composting system was implemented at the Broad River Correctiond Indtitution (BRCI) in
Columbia, South Carolinato divert food waste from disposa and build up soil for their vegetable
garden and flower beds. Kitchen scraps generated from preparing meals for 1,000 inmates ranges from
1,000 to 3,000 pounds per week, depending on menus. Food scraps are mixed with yard waste and
pine straw in windrows for composting. Cow manure is added periodicaly to increase the pile
temperature. Two inmates are in charge of hauling the materias, grinding them and aerating the pile
using arototiller and pitchforks. Plans cdl for expanding the program to plate scrapings and they
anticipate having six 100-foot windrows to compost most of the organics.

Although prison officids were satisfied with the windrow composting system, when they were
goproached by a state officid interested in setting up a vermicomposting demongtration project, she
reedily agreed to try it. Beginning in June 1998, BRCI started vermicomposting about 10 percent of
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their food scraps. Every two to three weeks, about 800 to 1,000 pounds of kitchen scraps that have
been shredded and dlowed to cool in apile for afew days are added in 4 to 6-inch layersto worm
bins. Mostly leafy food scraps are added to the bins because the worms are able to process them
fagter. The vermicomposting bins were manufactured and ingtaled by Vermitechnology Unlimited a a
cost of $2,000, which included 120 pounds of worms (90 pounds of worms were added to this system,
and 30 pounds of worms were used for another project). The Insulated Ground Vermicomposting
System is congtructed of wood and insulated panels, measuring 34 feet long by 7 feet wide by 18 inches
high with a center divider for ease of feeding and harvesting. It has a capacity of 100 to 150 pounds of
food waste per day. A screen isingtalled beneath the unit to keep out moles and other pests. Inmates
added a greenhouse mesh suspended by metal poles for shading, at a cost of $120.

So far, the worm bins have only been harvested once. From May to September 1998, thirteen 55-
gdlon barrds of worm castings were produced and harvested. The state was interested in seeing how
the vermicompost would sdll at retail outlets, so they developed labels to stick on paper bags containing
5 pounds of cagtingsin plagtic bags, to be sold for $7.50 per bag. The bags are being offered for sde
a an herb farm, aflower shop, and a nursery, however they have not been sdling well. The prisonis
gplitting sdes of the vermicompost with the retall outlets.

Table 1. Summary of systems used at three prisons and tonnages diverted

Prison Name Type of Composting System | Tonnage Diverted/Month
Cdedonia Forced-ar gatic bins 13
Brown Creek Greendrum Rotary-Drum 19
Composter
Brown Creek Hand- made vermicomposting 2
bins
Broad River Vermitechnology Unlimited 4
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COMPOSTING OPERATIONSAT CHEROKEE TRIBAL
FACILITIES

John D. Long
Sanitation/Recycling Manager
Cherokee Tribd Utilities
P.O. Box 547 Cherokee, NC 28719

INTRODUCTION

The Eastern Band of the Cherokee Indians (EBCI) live on the Qudla Boundary in North
Caroling, aland area comprised of 56,572 acres directly adjacent to the Great Smoky
Mountains Nationa Park. The 12,000 members of the Eastern Band are descendants of
those Cherokee who, in the late 1830s, remained in the mountains of North Carolina
rather than be forced to march dong the infamous " Trail of Tears' to Oklahoma.

Today, the Eastern Band of the Cherokeeisthe only tribe of North Carolinas six
recognized tribes which possesses both state and federa recognition, liveson a
reservation and is served by the Bureau of Indian Affairsin the US Department of the
Interior, the Indian Hedlth Service and the federa departments of Labor, Commerce, and
Hedth and Human Services. The North Carolina Commission of Indian Affairs
subcontracts Community Action Partnership Program (CAPP) funding to the Eagtern
Band of the Cherokee each year.

The EBCI have developed several composting operations at their facilities in Cherokee,
including biosolids composting, food waste composting and backyard home composting
programs.

BIOSOLIDS COMPOSTING

Composting biosolids a Triba Utilities evolved because the dudge was formerly
classfied asa“ specia waste” which required the EBCI to send the dudge to a specid
landfill a agreat cost. Composting was determined to be away to save sgnificant

money.

Biosolids from the EBCI wastewater treatment plant are dewatered with belt filter presses
and trucked to the composting site adjacent to the solid waste transfer station. There,
biosolids are amended with ground wood produced by the EBCI’ s yard trimmings tub
grinder. Mixing is accomplished by aVolvo L50C Front End Loader working against a
reinforced concrete push wall. The facility handles about 30 tons per day of biosolids.

The biosolids-yard trimmings mixed is composted in aroofed, partially-walled building
using the Aerated Static Pile method of composting (see Figure 1). The mix is composted
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for approximately 21 daysin the building and then moved to curing for at least 30 days.
Following curing, the compost is screened with a vibrating deck screen (1/2” screen Sze)
and sold to arealandscapers and allily farm.

Aerated Static Pile Biosolids Compogting

FOOD WASTE COMPOSTING

In 1997, the EBCI were successful in obtaining funding from EPA’s Office of Solid
Waste to undertake a pilot project involving the composting of food wastes. Thiswas a
firg of itskind project to be implemented upon Indian Country within the whole United
States. As with biosolids, the specid food wastes from the in-house restaurants of the
Tribal Casino operations required a means of proper disposal. The primary objective of
this project isto develop an operation designed to demondtrate the effectiveness of a
windrow composting process and particle screening process.

Primary feed stock for this project is source-separated food waste generated at the three
restaurants located at the Harrah's Cherokee Casino. To date, the project has been very
successful. On average, nearly 30 tons per month of food waste from the casno
restaurants are being processed into the Food Waste Composting Project, with the
amounts steedily increasing.
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Incoming food waste is mixed with ground yard trimmings and shredded office paper
using the front end loader (using a different bucket than is used with biosolids, to prevent
cross-contamination of the food waste compost). The compost mix is then taken to a
graded area on the other side of the solid waste transfer station and formed into windrows
(see Fgure 2). The materid is composted in windrows for about four weeks and then
moved to curing for another four-to-six weeks.

The finished compost isin great demand by arealandscapers and farmers. The EBCI are
aso consdering developing an organic herb farm using the food waste compost
generated by the Tribe.

Figure 2
Food Waste Composting Windrows

BACKYARD COMPOSTING

The EBCI have avery active Triba Recycling Program that has been expanded to
include backyard composting programs. This project has met with huge participation and
has accomplished a large success rate within this project. This program conssts of giving
backyard composting demonstrations and techniques to individua homeowners, school
classrooms, civic organizations, and area businesses. This program will dso supply these
individuds with a persond backyard composter unit at no charge to them.
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Planning, Design, and Operational Factorsthat Affect Odor Control at
Composting Facilities

Eliot Epgtein, Ph.D.
NerissaWu
E& A Environmenta Consultants, Inc.
95 Washington Street, Suite 218
Canton, MA 02021

Odors are often the greatest source of public complaints with which a composting facility
must contend. Asresidential and commercia devel opments begin to encroach on once
remotely located facilities, off-site odor impacts become an issue of concern. To further
exacerbate the situation, the encroachment is often aresult of increased populations,
more people produce more waste, and facilities must therefore dedl with expansion
pressures while working to improve odor control.

This paper will address severd key issues related to odor control. Firg, it will outline the
sources of odor on Ste and operationd parameters which can be monitored to minimize
odor generation. Second, it will discuss the development of an odor balance which can
be used to compare the relative generation of odor from different sources. Odor control
measures to diminate primary sources will then be described. Findly, odor modedling, a
tool which can be used to evauate odor control, operationd, and Sting parameter and
their impacts on odor dispersion, will be presented.

ODOR SOURCES

There are many potentia odor sources a a composting facility. The most obvious
sources of odor include the ddivery and mixing of raw feedstock materids, active
composting, and curing. There are many other potential odor sources induding the
movement of compost and raw materias around the Site, leachate puddles, screening and
dorage of find product. In addition to general housekeeping issues such as maintaining a
clean Ste, optimization of the compaosting process can help minimize odor generation.

Key issuesto consder are feedstock handling, mix ratios, aeration rates, and temperature
control.

Feedstock Handling

Different feedstocks have different odor potentia. For example, raw sewage dudge has
more odor potentia than digested dudge or treated biosolids. Grassistypicdly a
sgnificant source of odor at yard waste fecilities. Fish wastes and certain vegetable
wastes are more odorous than food processing wastes. Facilities should be prepared to
handle incoming waste gppropriately and to mix putrescible materids with bulking
agents such as woodchips or leavesimmediately after they arrive.
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Mix Ratios

The ratio of materias combined to form the compost feedstock is Sgnificant because it
determines the moisture content, the pore space, and the carbon to nitrogen (C:N) ratio of
the mix. For most composting systems, theinitia solids content of the compost mix
should be at least 40 percent (less than 60 percent moisture). Excess moisture reduces
pore space and impedes the even flow of ar through the composting materid resulting in
anaerobic pockets. Insufficient moigture inhibits the microbial composting activity,
dowing degradation. The C:N ratio of a composting mix should be gpproximately 30:1.
A lower ratio (excess nitrogen) resultsin the loss of ammoniawhich may lead to odor
problems. A mix with ahigher C:N ratio may have insufficient nitrogen for optimum
microbid degradation of carbon, and composting will be dowed.

Aeration Rates

Aeration is one of the most important elements of a composting system because oxygen
isessentia to microbid activity. Although both aerobic and anaerobic degradation can
result in odors, more odorous compounds are generated under anaerobic conditions than
aerobic conditions. Compogt piles are agrated by agitation, in the case of windrow
systems, forced aeration operated by mechanical blowers, in the case of agrated Satic
piles, and by both forced aeration and agitation in many in-vessdl systems. The agration
system must be carefully sized to provide enough air to composting microbes without
excessvely removing heat and moisture from the pile. Moisture content and pore size
are important elements to a proper agration system; excess moisture or overly dense
material will impede aeration and increases the potentia for odor generation.

Temperature

Temperature control of composting piles through the adjustment of aeration ratesis aso
an important operationa parameter. There is conflicting data regarding the effect of high
temperatures on odor generation. Higher temperatures typicaly result in increased odor
generation; odor character and strength of compounds formed at higher temperaturesis
quite discernable even at large distances. However, if materid compodts at higher
temperatures, less air is used to cool the pile, and therefore, the volume of emissonsis
lower. Tota odor generation isafunction of both odor concentration and the volume of
emissons from apile; the overdl effect of higher pile temperaturesis not clear. However,
it is certain that maintaining uniform temperatures throughout piles and optimizing the

rate of composting will help to minimize odor generation.

DEVELOPING AN ODOR BALANCE
Although operational changes can help to minimize odors, many well-run facilities
encounter odor problems because of the proximity of their neighbors. Before odor

control work is undertaken, an odor balance should be devel oped to determine what the
primary odor sources are. An odor balanceistaly of the total number of odor units
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generated by specific odor sources. The total number of odor unitsis afunction of the
concentration of odor, expressed in dilutions to threshold or odor units per cubic meter,
the total emissions rate from a source, and the duration of odor generation. The odor
ba ance can help to prioritize odor control actions by determining which sources
contribute the largest percentage of odor units.

Odor Sampling and Measurement

Odor sampling methodology is smilar to sampling for any air contaminants. Samples are
captured from pile or biofilter surfaces, or from plumes generated from volume or point
sources and sealed in Tedlar bags. Bags are then shipped to laboratories for odor
andyss.

Odor concentration is determined by odor panel andysis. An odor pand isagroup of
eight or more trained individuas who are presented with an odor at decreasing levels of
dilution (increasing concentration). The pandligts are concurrently presented with non-
odorous air a additiona sniff ports and asked to identify the sample which containsthe
odorous air. The point a which one-hdf of the pand members can detect which sample
contains the odorous air is considered the dilution threshold, or the number of volumes of
fresh air needed to dilute a volume of odorous air in order to render it undetectable.

The dilution threshold, expressed as dilutions to threshold (D/T) or EDsp, isdso
expressed in terms of odor units per unit volume of air. Since the number of odor units
generated by a particular source is afunction both of the odor concentration (odor units
per volume air) and the volume of air generated by a source, flow rates from piles,
biofilters, or other odor sources are also measured. These measurements are used to
formulate an odor balance.

Odor pands dso analyze odor for intendty. Odor intensity measures the sharpness or the
potentia to cause odor impacts of a particular odor. A high intensity odor would create
odor impacts even & low concentration while alow intensity odor could be present in
relatively high concentrations before causing nuisance conditions. Odor intengty is
measured by comparing an odor sample at different concentrations to a standard scale of
intengty. A dose-response curveis thereby created which can be used to determine the
concentration a which a particular odor will cause odor impacts.

Table 1 isan example of an odor baance that was constructed for awindrow composting
facility. The sacond column shows the concentration of odor emissons from specific
sources. The third column shows the number of hours each day that each sourceis
active. Theflux rate, or the volume of odorous air generated per square meter of surface
area per unit timeisnot listed in the table but is used to caculate the total number of odor
units generated per day, listed in the fourth column.

As shown, 27 percent of the odors were generated by composting windrows and 62
percent of odors were generated by curing piles. Although turning was generating the
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strongest concentration of odors, the short duration of turning, as compared with the
congtant surface area source of large curing piles, actudly resulted in fewer odor units
overdl. An odor baanceisagood prdiminary indication of what the primary odor
sources on aSite are; odor mitigation measures can therefore be designed for maximum
effectiveness. It should be noted however that odor dispersion from asteisnot Smply a
matter of the number of odor units generated; there are many parameters to consider
including source dimensions, topography, and the hours of emissons. Odor balances
a0 do not take odor intengty into account; for example, while new compost piles may
not produce the highest number of odor units, the intengty of the odor generated may be
higher because of the types of compounds formed during the early stages of composting.
Higher intengity odors are detectable at lower concentration and therefore have a
relatively higher potentid to cause odor impacts.

Table 1- Odor Balance — Windrow Composting Facility

Source Odor Duration Total Emissions Percentage
Concentration (hours/day) (10° odor
units/day)
Feedstock Delivery and 10
Storage
Feedstock delivery 200 8 77
Feedstock storage 386 24 14,895
Feedstock transfer 82 8 26
Feedstock Mixing 10
Mixing 1500 8 463
Mix pile storage 386 24 14,895
Mix piletransfer 82 8 26
Composting 27.1
Pile construction 82 8 26
Surface (1-5 days) 1370 24 169,174
Turning (1-5 days) 5460 0.8 10,319
Surface (6-10 days) 1500 24 185,227
Turning (6-10 days) 7080 08 13,381
Surface (11-20 days) 23 24 2,840
Turning (11-20 days) 5000 08 12,600
Surface (21-28 days) 89 24 10,990
Turning (21-28 days) 3000 08 7,560
Piletear down 82 8 26
Curing 61.6
Surface (1-7 days) 7080 24 455,350
Surface (8-28 days) 7080 24 455,350
Surface (29-70 days) 177 24 22,767
Pile tear down 7080 8 2,209
Post-Processing 77
Screening 1000 8 312
Storage 1000 24 115,767
Transfer 1000 8 312
Standing Water 17
Compost runoff 149 24 3,833
Curing runoff 149 24 17,249
Agitated curing runoff 12800 24 3994
Tota 1519672
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ODOR MITIGATION

There are several means to mitigate Site odor. These include counteractants and masking
agents which are sprayed over a Site or specific odor sources, chemical scrubbers which
adsorb or oxidize odorous gases by passing emissions through scrubbant solutions, and
biofilters which utilize natural microbid activity to break down odorous compounds.

Counteractants and Masking Agents

Both counteractants and masking agents are typicaly applied through afine-mist spray
system. The mist can be sprayed directly over odor sources, or mist may be sprayed from
points dong the perimeter to prevent odor from moving off-ste. Masking agents are
designed to cover up odors while counteractants are meant to react with odorous
compounds and dter their character and intengity. In both cases, the effectiveness
depends in large part on ensuring contact between odorous compounds and the spray
particles. In generd, they have not been very successful a composting facilities.

Chemical Scrubbers

Chemica scrubber systems pass scrubbant solutions through the emissions air stream to
remove odorous gases by adsorption or oxidation. Scrubbers are typically best suited to
low-volume, high-concentration odorous exhaust air, o they are not always appropriate
for compodgting facilities which generate alarge volume of exhaudt. In addition, sSince
compost exhaugt typically contains multiple odor-causing compounds, multi-stage
scrubber systems are often required for effective odor control. The use of scrubbers
requires chemica handling and storage, and scrubbers can be expensive to mantan
because of the cost of the chemical agents.

Biofilters

Biofilters use the naturaly occurring microbia populations within a solid media matrix
to adsorb and biologically degrade odorous air pollutants. Biofilter mediatypicaly
consists of compost, bark, woodchips, soil, sand, or a mixture of these and other
materids. Biofilter design often includes a humidification system which moistens

exhaugt air asit moves from the composting process to the bicofilter plenum. The stone
plenum and a system of aeration piping distribute the exhaust air evenly throughout the
biofilter media which removes awide range of odorous compounds as they pass through.
The advantage of bidfiltration is that the biological system can remove multiple
compounds at low operating cost. The primary disadvantage of biofiltersisthat they
require ardatively large area.

The success of any odor control system depends on the ability of the system to capture a
high percentage of odorous emissons generated and the effectiveness of odor treatment.
However, the potentia for off-site odor impacts also depends on the dispersion patterns
from an odor source. Dispersion is dependent on source parameters such as height and
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velocity, loca topography, and meteorology. Odor models can be used to determine the
direction of digperson and the potentia for off-ste odor impacts.

ODOR MODELING

Air digperson moddling can be used to evauate the movement of odor from a source and
determine the extent and frequency of odor impacts on a surrounding community.

Models are often used as part of the permitting process to determine if a proposed facility
will create odor nuisance conditions. Modds are also used by existing facilities to
evauate proposed expansions or operational modifications. For example, amodd can be
used to compare different odor control scenarios so that the most cost-€effective solution
can be identified.

The modd that istypicaly used for composgting facilities is the EPA-recommended
ISCST3 model. Thismodd takes loca topographica and meteorologicd datainto
account and combines this information with emissons concentrations, Ste layolt,
operationd parameters, and source dimensions to determine the movement of odors from
the source. The results are expressed as a series of isopleths, concentric circleswhich are
drawn based on the maximum odor concentration projected to occur at points
surrounding the facility. An example of modding resultsis shown in Figure 1.

As shown, the source of odorsis an open biofilter in the southwest corner of afacility.
Odor dispersion isopleths show that off-gte odor concentrations will range from 5-8 D/T
adong Highway 101 to 3-5 D/T in the residentid development to the west. Pointsaong
the border of the Site are projected to experience concentrations in the range of 5-13 D/T.

As discussed above, the concentration at which a particular odor creates nuisance
conditions depends on the intengty of that specific odor. Odor analys's data from various
composting operations has shown that compost odors typicaly congtitute a nuisance
condition a 5 D/T. Based on this nuisance threshold of 5 D/T, dl points on Figure 1
which fdl within the 5 D/T isopleth are projected to experience at least one 10- minute
odor nuisance condition under the meteorologica conditions modeled (typicaly 1-5 years
of meteorological data are used). The results of this mode were unacceptable to the
residents of the community as many of their homes, the school, and the loca gtate park
were projected to experience odor impacts.

The mode was therefore run with an enclosed biofilter with two roof vents. Althoughin
this scenario, the same number of odor units were dill being emitted from the biofilter
surface, endosing the bidfilter improved odor dispersion by severd means. First, since
an encdlosad bidfilter must be sufficiently tal to alow a front-end |oader accessto the
media, the roof vents were at amuch higher height than the open bicfilter. Theventsaso
released air a a higher velocity than the open bidfilter. Both added velocity and height
increase the rate a which exhaust air will mix with ambient air, increasing disperson. In
addition, make-up air added to the biofilter exhaust to boost biofilter emissions through
the vents diluted the emissions before they were released.

142



Environmental |ssues
Session

The resulting modd output is shown in Figure 2. As shown, enclosing the bicofilter

greatly reduced the range of odor impacts, but there were still some off-Ste impacts
projected. The biofilter scenario was therefore run athird time; for the third scenario, an
additiona 10 percent make-up air was added to the exhaust, and the number of roof vents
was increased to four. As shown in Figure 3, the result for this scenario was a complete
dimination of off-site odor impacts.

The modd can be used to project the number of odor impacts at a particular receptor
point and to determine the conditions under which impacts are likely to teke place. A
facility can then use thisinformation to select the best odor control option. For example,
in the case of Scenario 2, if odor impacts were found to occur off-gte only during late
night hours, or only during winter weether conditions, a community might be stisfied
with this odor control option. Other communities might have a zero-tolerance policy and
would not accept any odor impacts, regardless of the cost of mitigation. The mode
dlows afacility to examine options and their effectiveness before investing in Ste
equipment or construction.
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FIGURE 1 - OPEN BIOFILTER
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Isopleths represent the highest odor concentration (D/T) projecied to
occur during a five-year period. Receptors located along the property
line are also labeled with the maximum odor concentration projected to
occur at that point.

Figurs 1 - NC Ddor Paper
Jure 27, 2000
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FIGURE 2
ENCLOSED BIOFILTER - 2 ROOF VENTS
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Isopleths represent the highest odor concentration (DIT) projected to occur
during a five-year period.

Figure 2 - NC Ddar Paper
Juns 2T 000
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FIGURE 3

ENCLOSED BIOFILTER - 4 ROOF VENTS AND 10% MAKEUP AIR
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Isopleths represent the highest odor concentration (DIT) projected to occur
during a five-year period. As shown, no off-site odor impacts are projected.

Figure 3 - NG Odor Paper
Jume T, 200
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RECYCLING AND BIOMASS ENERGY

Dr. George A. Garland and Dr. Rosdlie Green
U.S. Environmentd Protection Agency

Materia which is now going to landfill or awaste to energy facility could be used differently in severd
ways. It could be recycled as material, composted, used as feedstock for chemicals, or burned for
energy. This paper explores the factors which may interest the Department of Energy asit exploresthe
possihilities of using biomassin furtherance of Executive Order 13134.

POSSIBLE OPPORTUNITY
The MSW Characterization Report for 1997 (data for 1996) showed about 47 million tons of paper

gtill disposed of in landfills or waste to energy facilities. Corrugated, office paper, and newspaper are
about 19 million tons and the rest is about 28 million tons.

Table 1: Waste Paper Generation Recovery and Disposal
(Thousands of Tons, 1996)

Waste Stream and Material Generated Recovered Disposed
Corrugated, Office Paper, and Newspaper

47,970 29,180 18,790
All other Paper included in MSW 31,960 3,430 28,530
Total 79,930 32,610 47,320

Tellus makes the point that, unlike corrugated, office paper, and newspaper which fetch $50 per ton
and up, other paper, for example mixed residentia as reported in Waste News, frequently costs as
much as $30 per ton for disposal.

Wood in congtruction and demoalition waste is another source which now costs money for disposal.
Over 25 million tons could be used to replace codl.
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Table2: C&D Wood Waste

(Thousands of Tons, 1996)
Recovered
Generated Or Avalable

Unavalable
Construction 4,207 474 3,733
Renovation 23,142 9,417 13,725
Demoalition 16,506 9,496 7,010
Totd 43,854 19,386 24,468

Land clearing debris is another source of wood. About 16 million tons may be available for

replacing codl.

Table3: Waste in Urban Wood Waste
(Thousands of Tons, 1996)

Generated | Recovered Avallable
Commercid Tree Care 9,628 2,449 7,179
Utilities 1,232 313 919
Land Clearance Contractors 735 187 548
Lawn/Garden Landscapers 9,871 2,510 7,361
Tota 21,465 5,459 16,006

POTENTIAL IMPACT ON ELECTRIC GENERATION

Paper and wood currently going to disposal from MSW, C&D, and land clearing wasteisshown in
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Table 4 dong with millions of kilowatt hoursit could produce. 125 hillion kWh is 6.7 percent of the
electricity generated using cod in 1996.

Table 4: Electric Generation Possble by Co-firing

Available Paper and Wood with Coal

Available Wasgte Electricity
Waste Stream and Material
(Thousands of  |(Millions of kKWh)
Tons)

MSW

Paper 40,340 51,340

Wood 10,350 15,060
Wood from C&D Waste 24,470 35,590
Wood from Land Clearing Debris 16,010 23,280
Tota 91,170 125,270

AT WHAT PRICE?

Reative to the Btu value of paper and wood, cod fired utilities could be expected to pay between $8
and $16 per ton of wood or paper delivered to their utility. That compareswith afee at alandfill. In
essence, one can offset processing and delivery costs by $8. Utilities can replace up to 2 percent of cod

with paper or wood without maor retrofitting.

WHAT ABOUT YARD TRIMMINGS AND FOOD WASTE?

Y ard trimmings and food waste have about a third the Btu value of wood and paper. They are

Table5: Properties of Waste Materias

Heeting Vdues Moisture
Weaste Materia (Btu/lb) Content (%)
Paper 7,000 6
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Wood 8,000 20
Food Waste 2,000 70
Yad Trimmings 2,800 60

unlikely to be used aslong as paper and wood are available.

WHAT'SIN IT FOR RECYCLING?

Suppose aMRF or atransfer station could be assured of afloor price for paper or wood of 8%
compared to a pendlty of $30 for “unmarketables’. A MRF could then add a shift to process mixed
resdential paper and, for materia with a better price, sdll it, while being assured of afloor price for
everything dse. A transfer station could accept wood or paper loads from commercia customers
knowing that the worst they would do was asde a $8 aton. In essence, encouraging cod fired utilities
to burn paper and wood would create alow risk environment for expanded recycling opportunities.

ENVIRONMENTAL IMPACT OF REPLACING COAL WITH PAPER OR WOOD
Emissions of carbon dioxide and sulfur would be reduced. Nitrogen oxides would a so be reduced but
particulates would increase. Organics would be reduced in landfills and indirect effects of mining cod
would decrease. Aninitiative to replace 1 percent of coa usage with paper and wood would

Table 6: Emissions Reductions Due to Co-firing

Carbon Dioxide | Sulfur Dioxide
(MMTCE) (Go)
Emissions Reduction Due to Co-firing 30.7 725
Totd U.S. Emissons 1,471.1 17,339
Reduction as a Percent of U.S. Emissions 2.1% 4.2%

result in globa warming savings of 4.6 million metric tons of carbon equivaent.
UNINTENDED CONSEQUENCES
Executive Order 13134 promotes use of biomass as dternate fud. It might cost $80 per ton to replace

cod with switchgrass. Subsidies of $80 per ton could make it attractive to burn materias currently
recycled. This discusson assumes no subsidies.
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LIME-STABILIZED SOIL FOR USE ASA COMPOST PAD

Lawrence J. Skora, USDA-ARS, Bdtsville, MD and
Harry Francis, Consultant, Arlington, VA

Desgning a successful compost facility requires consderation of severa site and environmenta condraints.
The ste must be far enough from area housing so that risks of dust and odor complaints are minimized. It
must be close enough to necessary raw materials and a source of water so that its operation is
economicaly feasble. Findly, the Ste must possess suitable characteristicy( e. g. , dope, drainage,
distance) to avoid pollution of locd streams, groundwater and wetlands. The On Farm Composting
Handbook (1992) states that a compost site should transport leachate and runoff from the Site surface so
that muddy conditions and odorous pools of standing liquid do not develop. One possibility isto place the
compogt site on awel-drained soil where distance to groundwater is greater than 5 ft. However, due to
the long-term nature of a compogt facility and the volumes of materia processed yearly, an impervious
surface that directs leachate to a treetment area would be more environmentaly suitable than a well-drained
soil.

Although an impervious pad is considered a luxury, there may be certain Stuations where regulations
demand an impervious pad for which severa options are now available. Besides concrete or asphalt, soil
gtabilization methods are available that produce a hardened, nearly impervious layer capable of supporting
al the equipment normaly located a a compost facility.

Although not a new concept, soil stabilization has been practiced more frequently in road construction due
to excessve codts of aggregate. Depending upon the type of soil, stabilization can be accomplished with
lime, lime-fly ash, Portland cement, asphdt or combinations of al. Experience at the Bdltsville Agriculturd
Research Center showed that soil stabilization with quicklime produced a hardened surface that supported
whesled composting equipment 12 months ayear (Fig. 1). An average of 10,000 yds® of organic by-
products were composted annualy for the last 3-and- haf years a the Bdtsville Agriculturd Research
Center Research Composting fecility. The following is a description of the Site preparation.

Figure 1. Beltsville Agricultural Research
Center. Windrows cover the compost pad and
an orchard grass buffer areaisseen in the
foreground.
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SOIL STABILIZATION

Soil gtabilization with lime achieves the dud gods of producing an impervious layer so water does not
penetrate and a tough al-weather surface that alows vehicular traffic under al conditions. Lime-stabilized
s0il has a hydraulic conductivity similar to days, i.e. 107 cm/sec., preventing leaching of soluble nutrients
from composting mixtures through the soil profile. The lime stabilized soils which go through a* curing’
phase do not swell or shrink with changes in water avallability and have a strong |oad- bearing capacity.
Although mogt soils can be lime-gtabilized, some soils are more eadily stabilized than others.

Stabilization of Clay Soils

In soil stabilization with lime, clay soils (clay content greater than 10%) are chemicaly changed into a
natural cement structure of calcium slicates’duminates. When lime products are added to raise the pH of
the soil above 11.5, clays become agd. This dlicate/duminate gel reacts with cacium in the presence of
water to form acacium- slicate/duminate glue (natural cement). Thisis apozzolonic or cementing reaction
(Fig. 2). The pH decreases from around 11 over several days as the mixture adsorbs atmospheric carbon
dioxide and particles bind together into crystals forming a natura cement.

Figure 2. Trangtion of pad from theripped soil
with lime amendment (right), tilled soil to mix
in lime and water (center) and rolled soil to
form smooth pad surface (l€ft)

Raisng the pH of soilsto above 11.5 requires a highly reactive lime product such as quicklime (Calcium
Oxide -Ca0) or hydrated lime [Cacium Hydroxide- Ca(OH),]. Ordinary agriculturd limestone(Cacium
Carbonate- CaCQ,) isnot sufficiently reactive to raise the pH to 11.5, and thus is not a suitable subgtitute.
Other indudtrid lime-containing products such as fly ash and carbide dudge may be suitable if the available
Cdcdum Oxide Index (CAO) leve is sufficiently high and avallahility, transportation and manipulation costs
are economica. Even when these materids are free, their transportation costs and the additional soil
manipulation required to achieve gabilization often makes them uneconomical.

Stabilizetion of Sendy - Silty soils

Soils containing less than 10% clay will need a source of slicates and duminates to build the * bridges
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between soil particles for the natural cement to form. A source for these "pozzolons ™ isfly ash, aby-
product of the coa burning power industry. Some fly ash has more reactive materid than others and the
source would have to be checked for suitable cementing characterigtics. Sufficient fly ash to bring the
pozzolon (clay) content above 10 % is needed.

CURING OF LIME-STABILIZED SOILS

Curing during soil sabilization isrdatively dow in comparison to the quick setting time of Portland cementt.
The compacted mass must be kept damp so that the cementing processes and products are formed. Lime
soil stabilization takes approximately one week under mild weather conditions after which the Ste can be
used by vehidles. Stabilization and strength gain continue dowly with time called ‘ curing’. Because the
process is dow, the natural cement formed is not as brittle as Portland cement-treated soils. It does,
however, provide sufficient strength to meet load requirements. 1dedlly, one would work lime/soil mixtures
at temperatures above 40 degrees F (2 degrees C) to assure that the natural cementing chemical reactions
proceed. The Site can be reworked within afew days or weeks using the same techniques if unforeseen
problems like freezing weather occur during the construction process. Freezing weather affected the curing
of the Beltsville pad, which was left uncovered. After two weeks when it was noted that curing was
unsuccessful, the pad wasttilled again, wetted, packed and rolled. The pad was covered with hay for
insulation and alowed to cure for two weeks after which the first windrows were made (Fig. 3).

Figure 3. Photo of rototilling and roller
equipment working in tandem to form
lime gabilized pad. Steam isformed
when quick lime and water come into
contact.

POTENTIAL PROBLEM AREAS

A. Soil organic matter does affect the amount of lime needed to stabilize the soil, but in most casesit is not
afactor. In most soilsin the US, organic matter normally does not exceed 5 % and where organic matter is
high, day content will generdly below. Idedly, soilswith lessthan 1 % organic métter Sabilize the easedt.
Smilarly with more than 10 % day, soils stabilize without fly ash amendments.

B. Soilswith excess sulfate can dso pose a problem, creating heaving of the compacted soil asit cures.
However, if the soil/lime mixture is manipulated and compacted a about 5% above optimum moisture, the
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aulfates in the soil react during mixing, and form non-expansive, stable compounds, with no potentia for
heaving. If heaving occurs, the site can be re-mixed and compacted without further damage. Attention to
these potentid problems will insure a satisfactory project.

C. Soilswith ggnificant sodium or potassum carbonate content will react with the lime, forming sodium
and potassum hydroxidesin solution. The leve of these sdts may compromise the formation of natura
cements. Asagenerd rule, when encountering these soils, lime is added until the pH rise gabilizes. Then
the soil-lime mixture is cured and formed into cylinders for un-confined compression testing. Anincreasein
srength of 50 pounds per square inch (ps) over the untreated soil sample indicates that the soil is reactive
with lime and stabilization is possible.

DETERMINING THE AMOUNT OF LIME NEEDED

Simple teds are available to determine the amount of quick lime or hydrated lime needed to form the
gabilized soil natura cement. ASTM (American Society of Testing and Materias) Method C-977,
addendum, outlinesthe Eades-Grimm pH test method, giving a smple method for determining the amount
of lime needed to achieve gabilization of a particular soil. Briefly, it tests the amount of lime required to
raise the pH of the soil mixture to pH 12.4 after a one-hour contact.

An extratest that may be of interest isthe load bearing capacity - unconfined compressive strength - of the
fina mixture. Thistest determines the maximum weight of equipment that the site will bear. Specific
engineering test equipment is required for this test which can be performed by geo-technica consulting
companies. Alternatively, asmal test pad can be constructed, cured and driven over with the equipment
expected to be used. Thisis caled a“pumping” test and is used by contractors to determineif the soil
drength is satisfactory. Thistest assures that cementing products are formed.

SAFETY

Caution must be exercised when working with quicklime (Ca0) because it generates very high
temperatures when it comes in contact with water, and can cause burns on the skin and the eyes. The
reaction with water is an exothermic (heat producing) chemicd reaction process - forming Cdcum
hydroxide (hydrated lime) which is generadly complete within about 30 minutes.

Alterratively, calcium hydroxide can be purchased to mix with the soil, but calcium hydroxideisless
resctive than quicklime, requiring about 25% more materia. However, it is safer to handle from the hest-
generating aspect, but it isadry powder and dusty and requires masks during the application. Though
hydrated lime is safer to usg, it isvery dusty if used as a dry powder. The dry powder hydrated lime can be
made into adurry usng water prior to gpplication. A 30% solids durry is made by mixing one ton of
hydrated lime mixed with 500 gallons of water. The durry needs to be kept in suspension while gpplying it
to the soil. When using quicklime or hydrated lime, goggles, gloves, and asmple dust mask should be
utilized for persond safety. A sufficient supply of clean water should be available for washing the skin and

eyes, if necessary.
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ECONOMICS

Soil gabilization is generdly more economica than the cost of concrete built to bear the same weight. The
minima equipment needed to Sabilize soils for a compost pad include a front-end loader to goply the lime
amendments, aroto-tiller to mix the ingredients, a means of gpplying water to begin the reaction, and a
roller to pack the surface. The cogt of lime stabilizing the 77,000 s0. ft Site for composting & Beltsville
was gpproximately $0.50 per sq ft. This cost was based on acommercia company using road equipment
to stabilize the pad. An estimate for areinforced concrete pad six inches thick was approximately $1.80
g. ft. Economies of scale reduce the cost of both methods. In 1994, The Kentucky Department of
Trangportation estimated a cost of $0.25 square ft for lime stabilization of 500,000 sq yds.

SINGULARITIESTO BELTSVILLE PAD

Theinitia mixture added to the soil at the Bdtsville site contained fly ash. In retrospect, this fly ash was not
needed. It was added as part of the effort at Beltsville to promote sustainable systems by using recycled
by-products. Portland cement was donated to the Research Center and aso put into the mixture, but it
aso was not a necessary ingredient for lime stabilization of the Ste which was located on a Christiana clay
soil. Itisdifficult to determine what effects fly ash and Portland cement had on the find characterigtics of
the pad. However, an addition was made to the circumference of the pad in 1998 using just quick lime and
the performance of the addition is no different than that of the origina pad.

RECENT EXPERIENCES

The Universty of Maryland farm at Clarksville, MD enlarged their compost pad area made from concrete
(actudly an old barn floor) with a lime-stabilized pad. Our compost pad was enlarged about 15% to
accommodate new research projects. The same technique as the origina construction was used except
that only quicklime was used. As mentioned earlier, the performance of the new and old pads are Smilar.
Repair of a‘snk’ holes was done by excavating the area to a depth of around 12 inches, mixing the
excavated s0il plus additiona clay brought in from an outside source with quicklime, adding water, mixing
the ingredients on the pad and placing the mixture into the hole. The tractor tiresleveled the lime-clay
mixture into place. After afew weeks of curing, the repaired areawas ready for use.

CONCLUSION

Soil stabilization techniques are a suitable, affordable dternative to asphdt or concrete pads. Testing of soil
to determine its suitability for lime stabilization and locating the necessary materias and equipment for
gtabilization are requirements for investigating the use of soil stabilization at alocation. The benefits of il
dabilization is cogt, endurance and repair gbility.
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IMPROVING COMPOSTING BY CONTROL OF THE SOLID MATRIX
STRUCTURE

K.C. Das, EW. Tallner and M.A. Eiteman
Department of Biological and Agricultural Enginesring
Universty of Georgia, Athens, Georgia.

INTRODUCTION

Food processing isamgor industry that is rapidly growing because of a demand for packaged
foodsin urban areas. In Atlanta, Georgia, severa food processors are in the business of
packaging fresh sdads for grocery stores. These companies have large processing facilities
where vegetables, such as lettuce, cabbage, carrots, onions etc. are cleaned, chopped, mixed and
packaged. In atypica operation, the amount of wastes generated equd in quantity (by weight)

to the amount of product shipped. Presently, these wastes are land disposed or landfilled.

V egetable wastes do not provide any known concerns relating to pathogens or human hedlth
issues, however, they are prone to potential odors during decomposition and are expengve to
dispose because of of their high moisture content leading to high landfill tip fee and

trangportation cost. Composting vegetable wastes, McGuckin et a. (1999) reported that the
sulfur content of lettuce and onion wastes were 0.2 and 0.7 %, respectively. Discarded
components of lettuce and onions have an effective carbon to sulfur ratio of 215 and 63, moisture
contents of 96.2 and 91.1% and carbon to nitrogen ratios of 10.3 and 11.5, respectively. Thelow
C/Sratio of onionsindicates that mixes with high fractions of onions can result in release of
odorous sulfur compounds. High water content, most of which is bound within the vegetable
fiber, results in sgnificant leachate formation during composting and collgpse of the composting
metrix from initid height of eg. 1.5 m to alower vaue of eg. 0.5 m resulting in reduction in air
space and oxygen availability within the pile. Each of the phenomena discussed above
potentialy result in increasing the amount of odors released and therefore negetively affecting

the composting process.

The physica properties of food wastes and the factors thet affect their performancein
composting require us to identify reliable methods to compost them. The standard method of
composting with an organic amendment such as sawdust and an organic bulking agent such as
bark may not be the most appropriate. In this project, we evauated the use of synthetic (plastic)
bulking agents while composting these food wastes. The presence of plastic bulking agentsis
expected to maintain the structure of the composting matrix, thereby preventing large reduction
in porosity during compogting. Thisis expected to provide amore rapid composting with
relatively lower production of odors. In addition the synthetic bulking agents could be recovered
and reused for subsequent composting trias thereby reducing the cost of bulking agents.

The objective of thiswork was to compare use of a plastic bulking agent with pine bark nuggets

using three criteria: (1) Environment of composting, i.e. Oxygen level and temperature insde the
compost pile; (2) Quality of final product and (3) Odor reduction.
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MATERIALS AND METHODS

Food wastes were obtained from acommercid salad packing company. The salad packing
wadtes were previoudy characterized at the University of Georgia Bioconversion Research and
Education Center (McGuckin et d., 1999) and some information on properties and behavior
were known. Two bulking agents were evaluated, namely, (1)Pine bark with average size of 4.5
cm, void volume of 78% and bulk density of 136 kg/nT and (2)Synthetic packing mediawith the
following characterigtics, 5-cm saddles, void volume of 94% and bulk density of 50.5 kg/nT.

Compost feedstock was brought to the research center, weighed and placed on alarge concrete
floor. Sawdust, obtained from a neighboring sawmill, and the two bulking agents were dso
weighed and placed on the concrete floor. Three samples of 3 L each were obtained from each
of the feedstocks for andysis. Then, aportion of food waste was weighed and placed on a
separate pile, followed by addition of sawdust and the bulking agent (Table 1). Once a pile was
congtructed, the materids were homogenized using a bucket loader for a period of 15 minutes
and three samples of 3 L each were obtained from each mix. Theresfter a pile of homogenized
méterials was congtructed such that it had a height of approximately 1.2 m (4 ft) and was covered
using a Compostex® compost cover. The compost cover was used to prevent infiltration of the
piles by rainwater. In this manner each of the piles were crested. Two trials were conducted,
trial 1 began on Jan 1999 and ended in April 1999 and trid 2 started and ended in April and July
1999. After the end of each trid, samples were obtained for andys's of physica and chemica
properties of the product.

During the composting trid, temperature of the pile was measured weekly using a1.2 m long
stainless sted cased thermometer (Reotemp® Inc.). Temperature was measured at a point that
was visudly located to be the center of the pile at a depth of 0.6 m from the surface. After the
measurement of temperatures, a 1.2 m sainless sted gas-sampling probe was inserted to the
same location and the oxygen concentrations of the gas within the pile were measured. The
sampling probe was removed and reinserted to gpproximately the same location and a sample gas
was extracted to measure the concentration of odorous gases, namely, anmonia, dimethyl
aulfide, hydrogen sulfide and total mercaptans. Each of the gas measurements was conducted
one after the other without remova of the probe. Measurements were performed using the field
gas detection tubes manufactured by Drager Inc. After temperature, oxygen and gases were
measured in the piles, the piles were homogenized using abucket loader. After sufficient
mixing, three samples 3-L each were removed from the center of the pile and placed in aplastic
sedable bag. The samples were taken to the laboratory within a period of 4 hours.

Moisture content was evauated by drying in a forced draft oven a 75°C until congtant weight.

After complete drying approximately 500 g was sampled and findy ground to an gpproximeate
diameter of 0.5 mm. A 50-g sub-sample from the ground dry sample was used for tota carbon
and nitrogen andysis using a Leco® Carbon-NitrogenSulfur andyzer. The pH and soluble sdlt
content (measured as eectricd conductivity, EC) of the sample were measured using a 1:2 (v/v)
sample to deionized water extract. The ground sample (20 ml) was mixed with 40 ml of
deionized water, alowed to equilibrate for 30 minutes with occasond girring with a glass rod.

The resulting solution was filtered through a Whatman No 4 filter paper and used for direct
measurement using an Acumet 50 pH/EC meter (U.S. Composting Council, 1997).
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The stability index (SI) of the compost product was measured using the procedure described by
lannotti et a (1993). A sample of material was obtained and standardized for particle size (<9.5
mm) and moisture content (50%), and incubated (37°C) for 16 hours under aerobic conditions to
build the microbia populations to an active standard level. A 60-g sample of the incubated
materia was placed in an aerated respirometric flask at constant temperature in awater bath
(37°C) for one hour. The aeration source was removed and oxygen concentration insde the flask
was monitored every five minutes for aperiod of one hour. The change in oxygen concentration
in the flask was used to cdculate a consumption rate in mg(Oz)/g(volatile solids)/hr. Thisrate of
oxygen consumption under standard conditions of particle Sze, moisture, temperature, agration
and incubation depends only on the amount of subgtrate availability. Greeter substrate
availability resultsin higher oxygen demand indicating thet the sampleis biologicd ungable, i.e.
the sample is continuing to degrade. Organic compost with a Sl lessthan 1.0 mg/g/hr is
considered stable and 1.0- 1.5 mg/g/hr moderately stable. Unstable composts typically exhibit Sl
greater than 2.0 mg/g/hr (Epstein, 1997).

Two trestments were evauated in trid- 1, namely, vegetable waste, sawdust and bark as bulking
agent inamix of 28.5-27.2-44.3% (dry bass) and vegetable waste, sawdust and synthetic
bulking agent in amix of 40.4-39.1-20.5% (dry basis). Initidly each trestment was replicated
three timesto provide six total windrows for monitoring. However, because of sgnificant
volume reductions resulting in very smdl size windrows, the three windrows of each treatment
were combined to form one windrow per trestment toward the end of the trial (March 17). Trall
2 utilized smilar trestmentsto Trid 1, with the amount of bulking agent reduced. The two
treatments eval uated were vegetable waste, sawdust and bark as bulking agent in amix of 36.7-
44.3-19.0%(dry basis) and vegetable waste, sawdust and synthetic bulking agent in amix of
41.9-50.7-7.4%(dry bass). Specific weight fractionsin windrows are shown in Table 1.

RESULTSAND DISCUSSIONS

Initid moisture contentsin the mixesin trid 1 were 84.1 and 88.2 %. Theseleves are higher
than typicaly encountered in composting (60- 70%), however it would require alarge amount of
amendment (sawdust) to reduce this moisture and the physicd structure of the windrow did not
requirethis. Asaresult of leachate release and moisture reduction by drying, the find moisture
contents were 65.2 and 56.3 % for bark and synthetic bulking mixes, respectively. Find
compost had a stahility index of 0.215 and 0.248 mg/g/hr (Table 2). These results suggest that
end product at the 78™ day of composting show no significant difference between the two
treatments. After this period both the composts have reached the same leve of stability and
qudity. Thefind nitrogen and phosphorus contents of the two products were dso very
comparable at approximately 1 and 0.2% (Table 2), respectively. The germination index, a
measure of how well plants would grow in this compost indicates that the final compost product
demonstrated very good plant growth characterigtics.

The process of composting, however, followed a different path, especidly in the first 30 days.
The temperature (Figure 1-A) of the bark amended mix increased rapidly to over 45°C, whereas
the synthetic amended mix only reached a maximum of 25°C. Moisture was not a limiting factor
(data not shown) as both treatments had very smilar moisture levels that decreased a Smilar
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rates. Thelower temperaturesin the synthetic amended mix were likely aresult of addition of
excessve bulking agent. In the month of January, the ambient outs de temperature were
typicdly in the 2-8°C range and having a pile with excess air space resulted in an inability to
maintain acritica therma mass. The rate of heat generation was dmost equd to that being
removed from the synthetic amended pile. The extremdy high oxygen levels (over 18%) in
synthetic amended piles dso confirm this possibility during trid 1 (Figure 1-C).

Ammoniarelease from the two trestments was very comparable, with dightly higher levels seen
inthe %/ntheiic amended windrows (Figure 2-A and B). Ammonia release was highest at about
the 15" day, before which there was negligible relesse and after the 15" day the release steadily
decreased till about the 45" day. In contrast, the release of dimethyl sulfide was dlearly higher in
the bark-amended mix. There gppearsto be an initid release in the first 15 days and a second
release around the 35-40 day of composting in the bark treatment. In the synthetic treatment the
concentrations were about three fold lower and was present only in the first 15 days. Only trace
amount of hydrogen sulfide and mercaptans were measured. Possbly due to the sampling
frequency adopted in this study being too sparse (once aweek or less).

From theresults of trid 1, it was concluded that the rate of bulking agent would have to be
reduced to obtain more sdlf- heating and better decomposition. Thereforetria 2 consisted of
different ratios of mixing the vegetable waste- sawdust-amendment (Table 1). Initid moisture
contents in the mixes (Table 2) were 81.5 and 84.6 % for bark amended and synthetic amended
mixes, respectively. Over the period of composting, because of leachate release and moisiure
reduction by drying, the fina moisture contents were 56.8 and 58.1 % for the two trestments,
respectively. Fina compost had a ability index of 0.175 and 0.172 mg/g/hr, indicating that
better stabilization was achieved in approximately the same time (86 days vs. 78 days). Asin
tria-1, these results show that end product at the 86™" day of composting show no significant
variaion between the two treatments. The find nitrogen and phosphorus contents of the two
products were lower than in trail-1 at gpproximately 0.5 and 0.1%. The lower nitrogen levels
were possibly aresult of more nitrogen volatilizing because of higher temperaturesin thistrid
compared to the previous.

Temperatures observed in trid 2 (Figure 1-B) were in the range expected for good composting
(60-70°C). Both mixesfollowed asmilar patern with peak temperatures reached in the 10-20
day range. Asealier, the synthetic anended mix had alower temperature because of higher
porosity and better agration. However, the temperature of 60°C reached can be considered
acceptable and this amount of bulking agent addition can be recommended. Moisture content in
both trestments were very smilar and decreased a similar rates from initid vaues over 80% to
final values around 60% at the 80" day. The temperature profile showing no significant change
after the 30™ day indicates that in this system of composting, most of the biological activity was
completed in the first 30 days. The small increase of approximately 5°C (from 30 to 35°C) over
the 40 to 60 day period is not Sgnificant to indicate that the materid is ungtable. Oxygen levels
ingde the windrows dropped to below 6% in the bark-amended mixes, indicating potentia
anaerobic conditions (Figure 1-D). In contragt, the synthetic amended mixes had a lowest
measured oxygen level of over 12%. Thisindicates that the rate of bulking agent addition is
within the range to achieve our god of maintaining asolid mairix thet remains porous while
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supporting good composting. The steady leve of windrow oxygen levels (15-18%) after the
30th day aso shows that biologica oxygen demand has reduced suggesting sability.

Asintrid 1, dmost no hydrogen sulfide or mercaptans were detected in thistrid (Figure 2-C
and D). The only measurable gas readings were ammonia and dimethyl sulfide. Ammonia
release from the two trestments was very comparable, with bark amended mixes releasing
ammoniaat higher raiesinitidly (10-20 days) and rapidly decreasing theresfter, whereas the
synthetic amended mixes relessing maximum ammonia at the 10" day and then gradually
decreasing till the 40" day. Following the 40" day there was amost no measurable ammonia
Pesk levels of ammonia measured inside the pile were 450 ppm in the bark mixes and 320 ppm
in the synthetic amended mixes. These are very high levels of ammoniaand support the reason
for the lower nitrogen content of these treatments compared to trid-1. The release of dimethyl
aulfide was clearly higher in the bark-amended mix compared to the synthetic amended mixes.
Asintrid 1, there gppears to be abimoda release, with aninitial releasein the first 10-15 days
and a second release around the 40" day of composting in the bark trestment. Although this
phenomenon was observed in both trids, at this time we have no explanaion for this. Inthe
synthetic trestment the concentrations of dimethyl sulfide measured were about three to four fold
lower than in the bark amended mixes.

EFFECT OF RATE OF BULKING AGENT ADDITION

Intrid 1, we used a high rate of bulking agent addition, namely, 44.3% bark and 20.5% synthetic
bulking agent in the corresponding trestments. Thisrate of bulking was found to be excessvely
high as the temperature profiles of the two trestments were Sgnificantly lower than that in trid 2
(Figure 1). In order to achieve good composting structure, a critical mass of materid is required
that will provide enough porosty that air will enter the pile through naturd convection & arae
aufficient to replenish oxygen. Inthe case of trid 1, too much ar entered the pile resulting in
excessve cooling.

The addition of alower amount of bulking agent in tria 2, namely 19% bark and 7.4% synthetic
bulking agent resulted in amore favorable environment indicated by the higher temperatures. In
both amounts of bulking agent addition, the bark amended mix reached oxygen levels of below
6%. Thisleve isconsdered in the potentiadly anaerobic region, as pore gpace concentration of
6% oxygen resultsin alow gradient to provide sufficient mass transfer from the gas phase to the
biofilm. Therefore agreater portion of the windrow would be under anaerobic conditions. The
synthetic amended mix at the lower rate of addition (Figure 1-D) maintained over 12% oxygen
levdsinthe pileat dl times. Thisleads usto conclude that the rates of bulking intrid 2 can be
recommended for these type mixes. Also, the use of synthetic amendment achieved its god of
maintaining an aerobic dructure.

With regard to gases released during composting (Figures 2) there was an indication that the
release of dimethyl sulfide and ammoniawere higher in the bark amended treatment. The lower
bulking agent rate (Trid 2) resulted in greater amounts to odor release, probably dueto the
higher levels of activity seen. The data aso suggests that ammonia release was higher in the
synthetic amended treatment and dimethyl sulfide release was higher in the bark amended
treatment, however, thiswould have to be confirmed with more controlled testing.
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KEY CONCLUSIONS

Thefollowing are a set of conclusons from this sudy. These can be used as recommendations
or cautionary notes to persons who are designing food waste composting facilities in the future.

1. A bulking agent rate of 6-7% by dry weight of synthetic bulking agent (or 17-19% bark) in
the mix is sufficient for maintaining an aerobic solid matrix.

2. Addition of bulking agent in excess of rate noted in (1) resultsin reduction of biologica
activity. A lower rate (e.g. 5% by dry weight of synthetic bulking agent) may be acceptable
asthisrate provides for processing of larger amount of the composting feed stock.

3. Mot of the biologica activity (based on temperature) was completed in the first 40 days.
Theregfter, the compost was cured to reach ahigh leve of stability and maturity at the 78
96" days. These time frames are recommendations that can be used in fdility szing.

4. In sdad waste composting, moisture control was not anissue. Theinitiad moisture was
higher than desirable, however this did not retard the composting process. At the end of
composting the moistures were in the acceptable ranges of 50-60% for a good product. No
addition of water was required.

5. Thefina compost from the sdad waste had C-N-P concentrations of 45-1-0.2 %(dry basis).
The product can be considered biological stable (Respiration Index 0.175-0.2 mg/g/hr) and
having no phytotoxic properties (Germination Index 87-100%).

6. Find soluble sat content and pH from dl tria ranged was 1.7-2.9 dS/m and 7.4-8.5; these
are within limits consdered acceptable for use as a soil amendment.
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Table 1. Initid feedstock and mix properties during composting.
Foodwaste  Sawdust Bark Synthetic
Trid 1*
Wet weight of each component, [bs 2691.7 270.0 288.3
Initid Moisture content, % 94.0 43.1 13.0
Percentage in mix (wet basis) 82.8 8.3 8.9
Percentagein mix (dry basis) 28.5 27.2 44.3
Wet weight of each component, [bs 2578.3 263.3 78.3
Initid Moisture content, % 94.0 43.1 0.0
Percentage in mix (wet basis) 88.3 9.0 2.7
Percentage in mix (dry basis) 40.4 39.1 20.5
Trid 2

Wet weight of each component, |bs 6613.3 995.0 235.0
Initid Moisture content, % 924.1 53.0 14.6
Percentage in mix (wet basis) 84.3 12.7 3.0
Per centage in mix (dry basis) 36.7 44.3 19.0
Wet weight of each component, [bs 6191.7 935.0 63.8
Initia Moisture contert, % 94.1 53.0 0.0
Percentage in mix (wet basis) 86.1 13.0 0.9
Per centage in mix (dry basis) 419 50.7 7.4

" Trid 1 — Bulking amount = 214.2 Ibs(pine bark)/ton(vegetable waste); 60.7 |bs(synthetic
bulking)/ton(vegetable waste); Sawdust = 0.10 |bs(sawdust)/Ibs(vegetable waste)

2 Trid 2 — Bulking amount = Pine bark bulking agent rate = 71.1 |bs(pine bark)/ton(vegetable
waste); 20.6 Ibs(synthetic bulking)/ton(vegetable waste); 0.15 Ibs(sawdust)/Ibs(vegetable waste)
3 Each trestment was replicated in three windrows of approximately similar szes. Al
data reported in the table are averages of measurements from three different windrows.

Table 2. Changes observed during composting.

Trial 1 Trial 2
Initial properties (Day O): Bark Synthetic Bark Synthetic
Moisture content, % 84.1 88.2 815 84.6
Carbon content, % 44.9 43.9 46.1 46.8
Nitrogen content, % 1.92 221 0.86 0.98
CIN ratio 234 19.9 54.3 48.6
Final properties (Day 78) (Day 86)
Moisture content, % 65.2 56.3 56.8 58.1
Nitrogen content, % 0.98 1.07 0.51 0.51
Phosphorus content, % 0.18 0.22 0.13 0.16
Respiration Index, mg/g-V Shr 0.215 0.248 0.175 0.172
Germination Index, % 100 100 87.4 90.7
pH 7.4 7.9 79 85
Soluble sdts (EC), dS/m 1.8 2.3 1.7 2.9
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Figure 1. Comparision of composting performance when using bark and synthetic bulking agents. Response based
on temperature (A, B) and oxygen concentration (C, D).
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Evaluation of Aerated Container Composting of University
Preconsumer and Postconsumer Food Waste

Britt Faucette, K.C. Das, and Mark Risse
Biologicd and Agricultura Engineering, Bioconversion Research and Educeation Center,
Universty of Georgia, Athens, Georgia 30362, USA

ABSTRACT

Composting of food waste generated from the University of Georgia s cafeterias was
evauated usng an agitated aerated composting system. The goa of the project wasto
determineif al of the University’ s food waste could be recycled using sx Earth Tubs.
Secondary eva uations investigated the amount of leachate produced, odor generated,
speed of compogting, qudity of compost, cost savings to the University, and amount of
waste diverted from the Clarke County Landfill. Three mixes of food waste and yard
waste were evaluated, namely 1:2 (food waste to yard waste) 1:1 and 2:1. Temperature,
percent oxygen, moisture content, compaction rates, and aeration rates were monitored in
order to compare composting strategies. Temperatures exceeded 55 degrees C for more
than 72 hours to ensure pathogen reduction. Tota contaminants and human-made inerts
averaged 0.5%. A ratio of 2:1 was determined to work best under experimenta
conditions. Ammonia (NHs) concentrations peaked at 560 ppm. Leachate production
was highest in the 2:1 mixture generating 117 liters for the duration of the study.

INTRODUCTION

In 1990, 13.2 million tons (11.88 hillion kg.) of food waste amounting to nearly 7% of
the municipa solid waste stream was landfilled in the United States (US-EPA, 1993). As
demands on landfillsincrease, tipping fees continue to climb, and vauable resources are
wasted, the University of Georgia s Engineering Outreach Program of the Department of
Biologicd and Agiculturd Engineering is experimenting with ways to reduce waste and
prevent pollution. At the Bioconverson Research and Education Center on the
Universty of Georgia(UGA) campus apilot study wasinitiated in the fal of 1999 to
begin recycling pre and postconsumer food wastes. The study involved dl four of the
university cafeterias which produce 19,000 mealsaday. The paper reports on a pilot
study of al food waste (preconsumer and postconsumer) produced from the University of
Georgid s cafeterias for four days.

The objectives of this study were: 1) to determine if the agitated aerated composting
system can be used to recycle dl the universities food waste; 2) evauate the speed and
function of the agitated agrated system; 3) evauation of mixing ratios to asses their
impact on the composting process, 4) determine the amount of leachate produced per unit
volume of food waste; 5) evaluate odor levels based on ammonia and hydrogen sulfide
concentrations, 6) to determineif the system meetsthe US-EPA temperature requirement
to diminate plant and human pathogens, and 7) to determine air flow rates based on
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amount of food wagte in an in-vessd system. The paper reports on a pilot study of all
food waste (preconsumer and postconsumer) produced from the University of Georgia's
cafeterias for four days

In 1998 the total throughput of composted food residuals totaled 230,000 tons (Goldstein,
Glenn, Gray, 1998). Thisincluded 250 food waste composting projects nationwide, with
187 in full scale operation, 37 pilot projects, and 26 in development (Goldstein, Glenn,
Gray, 1998). Of the 250 projects, 115 were on-gte inditutiond projects, 10 were
univergty pilot projects, 7 were full scale university operations, and 1 was located in the
date of Georgia (Goldgtein, Glenn, Gray, 1998). On Site composting systems a
universities may be the fastest growing area of food service composting (Kunzler, Roe,
1995). A University of Maine study demondtrated that an in-vessel compost system can
reach required temperatures faster than open windrow systems, as well as decrease the
likelihood of vectorsincluding odors (Donahue, Chamers, Storey, 1998). In addition,
growing numbers of cafeterias and restaurants are ingtaling pul pers for volume reduction
and to create afeedstock for composting (Kunzler, Roe, 1995). A 10% decreasein initial
food waste moisture content can result in nearly haf as much compost, which may be of
greater importance to groups who are more interested in waste reduction rather than
marketing the final product (Lowe and Bockmaster, 1995). A recent study at a
midwestern university found the tota cost in digposa feesfor service waste @ one
cafeteriaincluding water, energy, and sewer (excluding tipping fees) was $3,582 a year.

If loca landfill tipping fees ($35) are included with the estimated total weight of food
wadte generated by a university the sze of UGA (1,122 tons), annud tipping feeswould
be $39, 287.

MATERIALSAND METHODS
System Description

The aerated composting containers are designed to hold 3.5 cubic yards of compost
(Green Mountain Technologies, 1998). The design of the Earth Tubsincludesa 2
horsepower auger for mixing feedstocks and a blower for forced aeration. The container
isacircular tapered fully enclosed tub that is four feet degp. The base of thetub is 64
inches and thelid is 89 inches in diameter. It is made of durable double walled plastic
with polyurethane foam insulation. Feedstock isloaded through a hatch on the lid asthe
verticaly mounted auger mixes the incoming meteria. While the auger itsdf is

motorized, it is manualy rotated around the tub and from center to outer edge. Compost
is removed manually through two trap doors on opposite Sdes of the tub. The agration
system pulls air through the compost from the top and is discharged from the tub after
passing through a perforated floor chamber. The floor chamber aso collects leachate and
discharges it through the same aperature as the blower. Two temperature thermisters per
tub were connected to a centra computer that monitored temperature in the middle of the
pile and outer portion of the pile.
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Feedstocks

The university food waste was a mixture of preconsumer and postconsumer food waste at
thetime of collection. University Food Services pulps the food waste at the cafeteria
beforeit is discarded into a separate dumpster. The pul ping process removes between
10% and 20% of the moisture content from the food waste. The University Physica

Plant collected the food waste and transported it to the University of Georgia
Bioconverson Research and Education Center. The food waste was dumped on a
concrete pad and immediately weighed and loaded into the three compost containers.

Y ard waste from the university was used as the bulking agent. The yard waste consisted
mainly of chipped ssems and leaves. The three containers were partidly loaded with yard
waste prior to delivery of the food waste.

Mixing Ratios

Initidly, three recipes were sdlected for investigation. These included volumetric mixing
ratiosof 1.1 (food waste : yard waste), 2:1, and 1:.2. Table 1 provides andytica
information on the raw substrates prior to mixing. Each of these ratios were expected to
maintain gppropriate C:N ratios (30:1) and moisture contents (60%) (Lowe and
Buckmaster, 1995). Incoming food waste was loaded in the aerated containers over four
days. Table 2 shows the mixture ratios and actua composition of each container.

Table 1. Selected Properties of Food Waste and Y ard Waste

Materid Food waste Yard waste
Carbon, % 51.3 50.2
Nitrogen, % 5.7 11
Sulfur, % 0.4 0.1

CN 10:1 50:1
Moisture, % 70.9 52.8
Bulk Density (wet) kg/nt® 760 358

*Moisture content of un-pulped food waste is 80-90%

Table2: Target and Actud Mixing Ratios (food waste: yard waste), and
Initid Contents of Aerated Containers

Container 1 Container 2 Container 3
Target Retio 21 12 11
Actud Ratio 1:1.3 1:4.3 1:2.3
by weight (kg)
Actud Ratio 211 1:1.8 1.1
by volume (L)
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CIN Ratio 24.3 35.7 30.0
Moisture content, % 61.83 59.24 64.43
Totd weight (kg) 1623.5 1361.6 1530.2
Total volume (L) 2611.3 2736.4 2668.2
Total food waste (kg) 1286.9 758.3 1074.5

Process and Procedures

Once the containers were filled to capacity based on individuad mixing ratios the raw
ingredients were mixed using the auger. The containers were kept insde a building to
limit extreme ambient temperature fluctuations. Each aerated container had two
thermisters that were inserted into the compost pile. One was placed in the center of each
pile, the other was placed in the outer portion of the pile. The thermisters measured
temperature readings every 5 minutes and were connected to a Central InterfaceUnit that
logged and graphed the readings. Each container had a 10 watt blower that provided
forced aeration to the compost. The blowers were continualy run a maximum power
unless the compost seemed to dry too quickly a which point the blowers were turned of f
until moisture and temperature leve s returned to optimum levels. The agration rate was
based on recommendations provided by the manufacturers of the containers. A 2inch
PV C pipe was attached to the blower to monitor air flow rates and air velocity rates. A 5
gdlon (18.95 L) bucket was attached to the PV C pipe to collect and measure leachate
quantities.

Each container was mixed twice aweek. Leachate quantities were measured using a
graduated cylinder (leachate was measured daily for the first two weeks and less
frequently thereafter). Compaction rates were monitored by measuring the height of each
pile in three locations before each agitation and after each agitation. Percent oxygen
insde the compost matrix was measured prior to agitation by using a portable O,
andyzer with agtainless sed probe. Readings were taken from the center of the pile and
from the blower discharge pipe. Air velocity and air flow rates were measured from the
center of the PV C pipe attached to the blower using a hot-wire anemometer. Following
this, each pile was turned using the motorized auger. After agitation Drager tubes were
used to measure ammonia (NHs) and hydrogen sulfide (H.S). Gas readings were taken
from the discharge pipe of the blower. Findly, asample from each pile was obtained and
oven dried to estimate moisture content. If moisture content fell below 40% water was
added to the pile while agitating. Enough water was added to increase the moisture
content to 60%.

Once temperatures decreased to ambient levels composite samples were taken for
physica, chemica, and agronomic andysis. The compost was removed from the
containers, weighed, and screened to remove contaminants like pladtic film. Findly, the
compost was put outdoors and covered for stabilization. The finished compost will be
land applied in demongtration plots at UGA'’ s Bioconversion Research and Education
Center.
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RESULTS AND DISCUSSION
Temperaturesand Pathogen Reduction

All three mixes reached temperatures in excess of 55 degrees C (Figure 1) for three days
to ensure reduction of human pathogens (EPA, 40 CFR Part 503). Temperatures
fluctuated with moisture content and aeration. When moisture contents fell below 35%,
temperature levels decreased significantly. Forced aeration was continud for the first 16
days and then ceased because of excessve drying. Moisture contents stabilized and
temperatures increased immediately after blowers were turned off. All three mixes
maintained ambient temperature levels after 73 days. The 2:1 treatment experienced
temperatures at or above 55 degrees C, more frequently than the others, for 29 daysin
total. The 1:1 maintained temperatures at or above 55 degrees C for 21 days.
Temperatures fluctuated quite drastically between the center and outer edges of the piles.
The center heated faster, however the outer portions of the pile maintained heet longer.
Thismay be due to drying effects occurring more rapidly at the center of the pile. Figure
1 showsthe average daily temperatures for container 1 (al three containers were smilar).

Weight and VVolume Reduction

All three experiments exhibited 75 to 80% wet weight reduction from beginning to end
with container 1 demondrating the greatest weight reduction (Table 3). Container 3
showed the greatest volumetric reduction at 61%. All three experiments had volumetric
reductions between 55 and 61%. Container 1 had the heaviest mixture but produced the
lightest compost.

Table3: Tota Weight and VVolume Changes After Composting

Container 1 Container 2 Container 3
Initial (wet) 1623.5kg/ 2611.3L  1361.6 kg/ 2736.4L  1530.2 kg/ 2668.2 L
(dry) 487.1kg/ 783.4 L 544.6 kg/ 1094.6 L 535.6 kg/ 933.9 L
Final (wet) 321.9kg/ 11143 L 3445 kg/ 1224.2 L 373.5kg/ 1034.7 L
(dry) 231.8 kg/ 780.0 L 244.6 kg/ 869.2 L 190.5 kg/ 527.7 L
% Reduction (wet) 80.0% /57.4% 74.7% [ 55.3% 75.6% / 61.2%
(dry) 52.4% /0.1% 55.1% / 20.6% 64.4% [ 43.5%

Water Additions

Water was added to a container if the moisture content fell below 40%. Container 1 only
required one moisture amendment, while the other two containers required three (Table
4). Thiswas probably due to the higher initid moisture content due to the use of a
greater amount of food waste in the treatment. Container 3 required the most water over
the duration of the study at 1363.95 kg compared to 815 kg and 664 kg for containers 2
and 1 respectively. Figure 2 indicates the moisture content fluctuation of each reactor.
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Table 4: Water Added to Containers during Composting

Date Container * Amount (Kg.) % Increase

12/16/99 2 271.8 21%

1/3/00 3 600.8 39%

1/5/00 2 241.6 20%

1/13/00 3 457.2 32%

1/24/00 2 271.8 18%

1/27/00 1 664.2 45%

2/10/00 3 306.0 18%

*Water additions are based on faucet hose dispensing 16.65 kg/min.
L eachate Production
All three experiments produced leachate ranging from 35 litersin container 2 to 117 liters

in container 3 (Table5). Most leachate was produced in the first week with virtudly
none produced after two weeks (Figure 3).

Table5: Leachate Production Totals from Food waste

Container Food Waste L eachate Produced kg (food waste)/L (leachate)
1 1286.9 kg./ 1625.9 L 117.43 L 13.85: 1
2 758.3kg./ 970.2 L 35.69 L 27.18: 1
3 1074.5kg./ 1334.1 L 73.82L 18.07: 1

Odor Production

Odor problems were persistent on al reactors. Hydrogen sulfide (H2S) monitoring
stopped after 21 days because of no detectable concentrations. Container 1 produced the
most ammonia and was often difficult to work with (Figure 4). Thiswas probably caused
by the higher moisture content. Ammonia levels decreased over time. After the first
month odor levels decreased dramatically but increased with moisture additions.

Oxygen, Air flow rates, and Compaction

Percent oxygen in the exhaust air remained near ambient concentrations (21%)

throughout the study with occasiona low readings near 18% oxygen. Air flow rates
through the containers decreased over time as the feedstocks broke down decreasing pore
gpace (Figure 5). Air flow rates stabilized after the first month of composting.

Compaction rates were fairly uniform between the three treatments with dl decreasing in
height of pile by nearly 15 inches from gart to finish.
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Sdlected Physical, Chemical, Agronomic, and Human-made Inerts Analysis

Table 6 shows a detailed comparison between the feedstocks and the cured compost.
Human made inerts levels were measured according to U.S. Composting Council
recommendations using a4mm seve. Inertswerelowest in Container 2 a 0.4%. All
three compost mixtures met the recommendation of total humar-made inerts under 1.5%
of the total dry weight of the compost (U.S. Compogting Council, 1996). Identified inerts
included straws, condiments packaging, candy wrappers, gum wrappers, glass shards, and
plagtic shards. Table 6 also compares bulk dengties, moisture contents, nutrient levels,
pH, and C:N ratios for the feedstocks and the cured compost.

The nutrient content of the 2:1 mixture was grester than the other two trestments
especidly with plant available nitrogen and cdcium. Soluble salts are dso sgnificantly
higher in the 2:1 mixture, probably due to the high salt content of processed foods. All
three mixtures exceeded the Georgia Department of Agriculture' s soluble sat stlandards
for horticultura grade compost. The C:N ratio for the 1:2 mixture is also above
recommended levels for quality compost.

Table6: Anaysisof Feed stocks vs. Compost

FOOD WASTE  YARD WASTE COMPOST (cured)
Cl C2 C3

Moisture, % 70.91 52.75 17.08 15.40 26.40
Carbon, % 51.26 50.19 37.00 41.70 37.80
Nitrogen, % 5.68 1.09 1.58 1.23 1.64
C:Nratio 10:1 50:1 231 A1 231
Ammonium N, ppm - - 404.0 139.0 184.0
Nitrate N, ppm - - 42.0 8.0 7.0
Total N, ppm - - 15,800 12,300 16,400
Plant AvailableN, ppm - - 446 147 191
Sulfur, % 041 0.09 0.32 0.24 0.30
Bulk density, g/ml 0.76 0.36 0.58 0.58 0.71
Phosphorous, ppm - - 203.4 147.8 103.0
Potassum, ppm - - 588.6 574.8 504.4
Calcum, ppm - - 172.8 83.7 93.4
Soluble Salts, mmhos - - 8.2 4.9 51
Magnesium, ppm - - 45.5 25.5 23.1
pH - - 7.1 6.7 7.4
Contaminants and - - 0.64 0.42 0.47

Total human-made
Inerts, %
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CONCLUSIONS

The University of Georgiawould need 58 containers to compost al of itsfood waste on a
continuad basis. Stable compost was achieved in dl three treatments after 73 days. Wet
volume reductions averaged near 60%. Mixture ratios proved beneficia for varying
gtuatiions. All used pulped food waste which had 10 to 20% |ess moisture than food
wadte that has not been pulped. A mixture of 2:1 was optimum for composting the most
food wagte in the same amount of time, however ammonia and leachate problems were a
concern. At times ammonialeves were so high as to make working with the compost
uncomfortable, particularly with the 2:1 mixture. Leachate production averaged 1 liter
per 20 kg of food waste. A mixture of 1:2 may be suitable if there is an abundance of
yard waste, however moisture contents must be monitored closaly as this mixture tends to
dry out quickly.

All treatments attained U.S. EPA temperature recommendations of 55 degrees C for 72
hours. All three mixtures contained less than 1.5% total human-made inerts according to
U.S. Composting Council recommendations. The compost ranged from 0.4% to 0.6%
contaminants and inerts. Generdly, the more food waste in the initia mixture the higher
the nutrient content was in the finished compost. However, the soluble st content was
higher which may redtrict its use for commercid horticultura purposes
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FIGURE 1: CONTAINER 1: AVERAGE DAILY TEMPERATURES
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FIGURE 2: MOISTURE CONTENT BY CONTAINER
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FIGURE 3: LEACHATE PRODUCTION BY CONTAINER

MILLILITERS

dayl day2 day5 day6 day8 day9 dayl2 day13 day 15 day20 day26 day29 day33 day 36 day4l day43 day47 day50 day54 day57 day 61 day 64 day68 day 71 day 77
DAY OF TRIAL

Container 1 B Container 2 B Container 3 |

FIGURE 4: ODOR ANALYSIS OF AMMONIA (NH3) BY CONTAINER
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FIGURE 5: AIR FLOW RATE OF CONTAINERS
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CUSTOM APPLICATION OF BIOFERTILIZERSFROM RECYCLED
ORGANIC WASTE

Mark O Farrel/Hungry Mother Organics

PROJECT ACCOMPLISHMENTS:

This project accomplished severd godsin increasing the marketability of compost from recycled
organic wagte. In particular, it demongtrated severd vaue- added markets and applications for
local poultry litter compost that could be accessed by arealandscape or farming enterprises.

The primary purpose of the project was to evauate new distribution technology to better access
exiging markets. It becameincreasingly clear that there is tremendous potentid to use existing
technology in a system that accesses lucrative new markets.

In an area like Chatham County, North Carolinathere is a huge naturd resource in the form of
severd types of poultry waste. As current environmental concerns make way for new waste
management regulations, this resource is often thought of in terms of ligbility. With the
goplication of fairly ample technology and astute marketing strategy, this resource could provide
ggnificant additiona revenue to farmers and dlied operations.

Individudly, the three areas of evauation for the project provided significant successes, aswell

as some frustrating setbacks. The greenhouse component was by far the most successful in
economic terms. The hydroseeding and dry materid ddivery components, however, each yielded
information indicating that they could be profitable enterprises. A combination of the two
technologiesin atotd soil management operation offers even more potentid.

GREENHOUSE TRANSPLANT PRODUCTION

Evauaed numerous potting mixtures, arriving at an excdlent media containing over
50% local poultry litter compost.

Marketed over 10,000 wholesale organic vegetable transplants in the Triangle area
through conventiond nurseries and specidty retallers.

Produced awide variety of bedding plants, both edible and ornamentd, including
hanging baskets, dl under certified organic conditions.

Introduced local producers and consumers to the value of composted waste as a plant
growing media and soil amendment.

HYDROSEEDING

Used public and private trids to eva uate numerous composted materids for suitability in
hydroseeding turf and other potentia crops.

Determined gpplication ratios and limitations on using compost to amend or replace
conventiona wood and cdllulose hydromulches.

Discovered two interesting new materials to enhance the performance of compost based
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hydromulches.
Promoted the use of compost by successful seeding of turf at public school and private
gtesin the areausng poultry litter as a primary fertilizer and soil conditioner.
Successfully produced specidty crops (lettuce, spinach, various organic greens) in an
innovative system that provides an excellent economic return..

DRY MATERIAL APPLICATION

Evauated severad components that could be included in the handling, trangport and
gpplication of dry compost materia

Completed time study and cost comparison of different methods of application.
Demonstrated how compost applied at agronomic rates can improve soil quality under
different cropping systems, including turf.

ORGANIC TRANSPLANT PRODUCTION

Asaresult of this project, areadily expandable niche market exists for asmilarly produced
vegetable trangplant in the Triangle area. Our transplants were marketed under the name Hungry
Mother Organic Transplants, with labels and sgnage indicating the use of 50% recycled poultry
litter. (See attached documents.) A similarly produced product could likely capture the same
market, even if produced without the benefit of organic certification.

LOWER COST OF PRODUCTION

Commercia potting media (peet, perlite, vermiculite, fertilizer) can be reduced by at least 50%.
We achieved our best results using a 4:4:1, Peat/Compost/Worm Castings Mixture. This
comparison based on actud project costs.

Example: Using 1801 flats (3" biodegradable pest pots)
Commercid Mix -$72.00 cu.yd. yields 108 flats @ $0.66 per flat.
Compost Mix -$37.00 cu.yd. yields 108 flats @ $0.34/flat
Result: $.32 net savings per flat on production cost.

Net per year based on 3000 flats = $960.00

INCREASED RETURN

Thisis where the most Sgnificant economic gain is made by slling vaue-added compost in the
form of bigger transplants. We discovered early in our spring season that the retail market
preferred alarger transplant. One of the mgjor regiona growers, Bonnie Pant Farm, markets all
of their vegetable transplants in single cups, and has Sarted to market alarger transplant called
their “Miracle Grow Sdlect”. We found that by potting up our smaller 1204s (48 cdlls per tray)
to an 1801 (18 individua 3" peat pots), we could greetly increase profitability.

Example 1204 Wholesde Price - $8.50 -2.80 (cost) = $6.70 Net Return/flat

1801 Wholesae Price - $22.50 - 2.80 (cost) = $19.70 Net return/flat
* Additiona cost of mediain larger pot was offset by reduction in labor and # of seed or plug per
flat.
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Production time was increased by 7 to 10 days, but the other benefits of “ potting up” more than
compensated us for the extratime. Benefits included:

Larger, hedthier looking transplants.
Ability to grow transplants organically without fertilizer.
Enhanced shdlf life and resulting marketability.*

* Table 1.

All of the trangplant mixes in the following table were combination of commercid growing
media (peat, perlite and vermiculite), mixed with poultry litter compost and worm casings, in
variousratios. The numerica designations represent ratios of each ingredient in the order of
commercia mix, compost and orm castings, respectively. For example, the 101002 represents
10 parts commercia mix, 10 parts compost and 02 parts worm casintgs.

Average Shelf Life of Trangplants

Treatment | wk 2 wk3 wk4 | wk5 wk 6 wk 7 wk 10 | wk 12
Control 2 2 3 3 2 1 1 1
21800 2 2 2 3 3 3 2 1
61402 2 2 4 5 5 5 3 3
101002 2 3 5 5 5 5 4 3
101000 2 2 4 5 5 5 3 3
180002 2 3 4 4 4 4 3 2

This table shows the average qudity scores of six plantsin each treatment Qudity Scale:
5 - Excdlent 4- Above Average  3- Market Ready 2 - Margind 1- Unmarketable

In order to determine the amount of greenhouse time to market trangplants, we set up thistria
using tomato plugs (v. Better Boy) planted in six different potting mixes. The control was our
commercid peat based mix, 200000, and 180002 was the same mix with two parts worm
castings added. The other treatments had different ratios of peat/compost with worm castings
added

At 14 days, dl sx plantsin each treatment were given a supplementd dose of 3/4 tsp.of organic
fertilizer (4-2-2) for three consecutive weeks. Thetrid wasinitidly scheduled to go through
week 6, at which point fertilizer application had been stopped. Observation continued through
week 12, with many of the plants till in sdeable condition after 5 to 6 weeks of watering only.
The control group, having no dow reease nutrientsin the form of compost, declined in quality
within 3 to 4 days of being taken off of supplementd fertilizer.

The increased shdf life of our transplants was amgor marketing advantage. 1t meant fewer flats
returned or written off by the retailer. The high quality of our plants was aso evident to
consumers, as our product was placed in close proximity to the conventionaly grown

179



Research and
Development
Session
trangplants, which rapidly declined in qudlity.

CUSTOM COMPOST APPLICATIONS

Numerous seeding operations were performed on severd Stesin the areausing a variety of
custom gpplications. The following information summearizes some of the more useful
information generated from these trids.

SOIL IMPROVEMENT THROUGH APPLICATION OF COMPOST

The project initidly focused on two types of compost gpplication, comparing the advantages and
disadvantages of both. It was assumed that one or the other would prove more feasible, or at
least more profitable. In redlity, it was found that bulk gpplication of compost could be
combined with an ongoing system of hydroseeder gpplications to improve and maintain soil
fertility and structure.

BULK APPLICATION

Two mgor chalengesin promoting the use of compost are demondtrating that:

1. an gppropriate rate of compost gpplication can subgtitute for the use of chemicd fertilizersin
lawn or landscape establishment..

2. Composts will not adversdly affect the soil when used at agronomic rates. (In particular,
copper and zinc levels have been a concern with the use of anima manure compost.)

A seeding demongtration was conducted at Central Carolina Community College in Fittsboro, to
demondtrate the benefits of applying compost a agronomic rates. Officidsin the Sustainable
Agriculture Program there were interested in establishing a cered rye cover crop on ahdf acre
plot. The following tablesinclude NCDA Waste Analysis for composts used, and atable
showing the difference in soil andlysis before and after crop was grown.

-I{I?thl)iz\.Naste Analysis of Composts Used in Greenhouse and Seeding Production

Nutrient Availability Ibs/ton

Sample pH SS C:N N P205 | K20 Ca Mg Zn Cu
Steer 7.07 170 10.7 | 121 7.2 10.6 40 4.3 0.12 | .09.
Breeder Hen | 7.3 305 176 | 4.6 20.2 |99 446 |37 0.23 | .05.
Broiler 6.3 695 12 8.6 24 12.6 22 4.2 051 |.05.
Turkey 6.11 117 219 |53 108 | 4.2 183 |15 019 |.07.
VO Worm 5.23 210 13 59 31.2 |0.76 369 |1 04 0.2
Cult Worm 6.07 75 172 |69 9.6 1 225 |6 031 | .06.
Eggshell 6.79 113 136 |55 6.8 35 166 | 2.7 .04. .03.
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All of the composts, except for the two worm casting products were made outdoors in windrows,
using afront end loader for turning. Had they dl been subject to controlled conditions and made
at the same time, it would be possible to do a more accurate comparison of quality.

The turkey litter product was used for the bulk of our transplant production, primarily because of
the relative N-P-K baance, which was roughly 5-10-4, combined with alow soluable sdts level
of 117. Thebroiler litter was very smilar, except that it was very high in soluable salts, which
could be harmful to young transplants. The reason for such a pronounced difference in sdts
levels could be that the brailer litter had nearly aslong a curing time as the trukey litter.

For field gpplication, we chose the three products that were readily available at tria time.
Soluable sdlts are not so much of a concern, asthey will be subject to leaching in the sail. In

most Stuations, afarmer or landscaper would choose the product that provided the most nitrogen
for plant growth, in this case, the steer manure compost.

RESULTS

The fallowing chart shows a comparison of soil andyss from demondtration plots at Centra
Carolina Community Collegein Rittsboro, NC. Thetop number is an indication of soil fertility
tested before any treatment was applied in October 1999. The lower lineisfrom an NCDA soil
andyss 6 months after gpplying 3 different compost treatments at the rate of 15 tons per acre
and seeding with cered rye.

Physical indices, including pH and CEC, are significantly improved on dl plots. Thisindicates
an increased capacity in the soil to hold and exchange nutrients with plant populations. Thisisa
benefit, even if chemicd fertilizer was gpplied, asit would be used more efficiently by the soil
and plants. Sight improvements, even on the control plots, could be associated with the plow
down of plant resdue on the plots prior to treatment and planting.

Another significant result of compost gpplication isin the increase of indices for Phogphorous
and Potassum. At the beginning of experiment, theindices for dl plots except for #2 fdl in the
low to moderately low range. Post-trestment indices, except for the control plot, aredl in the
moderately high to high range. Thisindicatesthat resdua potassum and phosphorous are
adequate to supply the following crop.

One of the potential problems associated with this bulk gpplication is the high index for
phosphorus on the Turkey Litter Compost treatment. Under pending NRCS rule changes
pertaining to phosphorous, such an index would more than likely limit further gpplications of
manure, a least in the short term. There are two possible management solutions, depending on
the cropping system. One would be to decrease the initia gpplication of compost in order to
maintain alower phosphorous leve in the soil. With the increased biologicd activity assumed
from the addition of organic matter, the following crop would help to lower the P-Index. An
dternative strategy, especialy where one encounters a potentia problem, would be to apply
smaller amounts of compost over severa seasons, as is possible with the hydroseeding method of
s0il amendment.
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Copper and zinc leves, while dightly higher after compost treatment, should not be a concern.
It would require repeated applications over severd years before these two metals would reach a

levd of toxicity in the soil.

Table 3.
Treatment CEC pH P-1 K-I CA MG Zn1 Cu-l
1. Pre-treatment 8.3 6.4 5 42 60 30 105 66
1. After Eggshell 21.6 7.2 69 86 84 14 213 82
2. Pre-trestment 9.2 6.3 65 70 58 29 163 73
2. After Turkey 14.6 6.6 124 114 67 25 332 80
3. Pre-trestment 85 6.2 28 46 56 30 82 63
3. After Steer 17.1 6.9 72 178 66 27 179 97
4. Control 9.1 6.3 34 47 59 29 122 64
4. No Compost 13.2 6.6 20 69 57 32 162 67

DRY MATERIALSAPPLICATION METHODS

One of the mgjor objectives of this project was to develop a blower assisted application method
for applying bulk compost. Various applications afforded the opportunity to tria severa pieces

of equipment, incdluding:

1. A chipper/shredder with 9 hp engine, retrofitted with a custom hopper and ddlivery hose.
2. A 14 hp bae chopper/straw blower.
3. A 24 hp brush chipper, retrofitted with 30 ft. of ddivery hose.

Table 4.
Component FHow Rate Délivery Digance Materid Densty
(cu. ft./minute) from machine W/V Ratio
Straw Blower 18to 27 80 -100ft <.75 @ 30%
Moisiure
24 hp Chipper 15t0 20 40 - 50 ft <.75 @ 30%Moisture
9 hp Chipper 4106 15- 201t <.6 a 30% Moisture
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There were severd unexpected difficultiesin utilizing this type of gpplication, which may
explain the high cost of mulch blowing units currently on the market. The following summearizes
problems encountered on this project.

1. Moisture content - All the machines used operated much more effectively with moisture
content below 30%. At higher moisture levels, materia would clog machine a intake, or in the
hose line just past machine outlet.

2. Dust and Debris - At moisture levels low enough to facilitate good flow, there was a constant
problem with smdl particles escaping both from the hopper and through jointsin machinery
sheet metdl. Low moisture aso resulted in sgnificant reduction in particle Sze resulting in
excessive wind borne particles at hose end.

3. Labor intengty- Trying to convey materids from spreader body to machine and then to the
end of the hose required three workers. It wasn't possible for one person to regulate flow from
the truck/trailer and keep the blower unit operationd at the same time.

SUCCESSES

One discovery made in the process of evauating machinery was the increased efficiency brought
to dl applications by the use of a spreader body. Two types were used on the project, a
conventiond litter sporeader truck, and a PTO-driven Farmhand trailer (origindly agrain trailer).

The following are some of the advantages redized:
Himination of al hand labor where vehicle access dlowed mechanica spreading
Controlling flow from the unit, so that materia could be loaded directly into
whed barrows, cutting manud labor in half.
Elimination of mess associated with dumping loads of materid on driveways, Sdewalks,
turf, etc; savingsin clean-up cost.
Used as amobile hopper, it facilitated other operations, such as processing materia
through grinder or screens for use in hydroseeding and greenhouse operation.
More precise placement than a dumptruck for bulk compost deliveries.
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Tableb.

Time Study of Compost Application Methods assumes amanua labor rate of $10.00/hr x two
persons and equipment rate of $40.00/hr. Caculations based on 6 cubic yard application, which
was the standard capacity of equipment used.

Application Method Totd Timeto Apply L abor/Equipment Additiona Cost per
(From arriva) Charge per Appl. Y ard of Compost

Dumped/Hand Spread | 3.5 hrs @ $20.00 $70.00 $12.00

Skid/Front End 15hrs @ $40 $75.00 $12.50

Loader Asssted 1.5hrs @ $10

Spreader Assisted 1.0hrs @ $40 $60.00 $10.00

w/Hand Labor 1.0hrs @ $20

Direct from Spreader | 0.25 hrs @ $40 $10.00 $1.70

Mulch Blower 0.15 hrs @ $40 $6.00 $1.00

HYDROSEEDING APPLICATIONS

The most promising agpect of this technology is the feasibility of using recyded materid
combined with numerous other fertilizer and or soil amendmentsin one procedure. Custom
durries can be mixed to provide whatever nutrients needed for agiven Situation. This means that
after initid bulk gpplication of compost, the hydroseeder can be used to ddliver adurry or
solution that is custom blended to supply whatever macro or micronutrient needed, aong with
supplying a carbon rich organic matter source in one step.

We determined that it is possible to gpply dmost any composted materid through this
durry method with proper processing and handling. Both wet and dry materials will work, but
amount of materia that can be used varies depending on moisture content, weight, and volume.

All of the compost materias used had the tendency to separate in the water, with larger

bark pieces staying afloat, heavy finer materia concentrating on bottom. The result was athin
durry that did not form afilm on ground.  This problem can be diminated by firg making athin
durry with the commercid paper mulch, then suspending the other materidsin the durry.

Thistechnology makesiit feasible to use recycled materia combined with numerous other
fertilizer and or soil amendmentsin one procedure. Custom Surries can be mixed to provide
whatever nutrients needed for a given Stuation.

Specidty crop trids demongtrated the ability to use hydroseeding technology to produce
difficult to manage crops such as carrots, sdad mix, spinach and various greens, diminaing the
need to cultivate growing beds.

Completed preiminary investigation of new materias for hydroseeding, including plantago
for sugpension and bonding enhancement, and corn gluten for natura weed suppression.
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ALTERNATIVE MATERIALSFOR HYDROSEEDING

It isimportant to note that al materials were tested using a 300 gd. jet-agitated hydroseeder.
Paddle- agitated machines are much heavier duty and could handle the heavier materids at higher
rates with fewer suspension problems. Paddle agitation provides the agitation needed to lift
heavier particdes off of the bottom of tank and pull lighter weight materials floating on the top
into the durry.

There are three mgjor factors to consder in the selection of materials for hydro seeding.

1. Weight/VVolume Ratio < .60 g/m

Ancther way to expressthisratio is bulk densty. The dengty of materid has adirect effect on
how well it will suspend in the durry. Materidswith aW/V greater than .60 tend to be too
heavy to Say in suspension. Compare to commercid cdlulose fiber mulcheswhich weigh in at
lessthan .10 W/V. In certain circumstances where the materid is very absorptive, it may be
possible to go higher, but it will require alower volume of heavy materid, with the addition of
more light weight cdllulose fiber.

Sample W/V for composts used in project durry:

Poultry Litter Compost 2510.45g/ml

Worm Cagtings 42 to .53 g/mli

Hen Manure Compost 56 g/ml

2. Particlesize <.125"“ (recommended) <.25"(maximum)

Perhaps the most important factor because it determines both how well materia will suspend in
the tank, aswell as how it will flow through orifices. We found that any material not screened
through 1/8" mesh had a high portion of floating meterid and grestly increased the risk of

clogging.

3. C:N Ratio Depends on Application

Thisratio determines how fast or dow the materia will bresk down on the soil surface, as well

as how quickly nitrogen will be released for plant absorption or possible leaching. Paper and
wood fiber have aC:N ratio greater than 200:1, whereas al composts used on the project were
lessthan 40:1. High C:N materiads perdst on the soil surface for long periods (severa weeks) in
the absence of supplementa Nitrogen. Low C:N materids have a tendency to break down
quickly (severa days). Ratio of materials added to durry can be adjusted depending on intended
use, as very high and very low ratio materids can baance the overdl C:N ratio of durry.

4. Nutrient Analysis

One mgor benefit hydroseeder applicationsisthe ability to adjust nutrient levelsin the solution.
Almost any source of fertilizer can be used, from pelletized to liquid, organic or chemicd. We
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frequently used a dehydrated poultry manure product with a4-2-2 andysisin order to put out
more nitrogen, as mogt of the composts were very high in Potassum and Phosphorus, with a
farly high C:N ratio after mixing with cdlulose mulch.

Table6.
Examples of Surry Formulations
Mixed in 300 g. Water

Application Materids Coverage/Tank | Comments
Generd Turf Seeding 40 # Cdlulose Fiber Mulch 3000 sf good al purpose
160# Poultry Compost hydroseeding blend
Erosion Control 50-60# Cdlulose Fiber Mulch 2000 - 3000 sf | Very tacky, good
150 # Poultry Compost persstence on soil,
10# Plantago resstant to water
Weed Barrier 250 # Poultry Compost 1000 - 1500 sf | Very tacky, ressts water,
35# Plantago acts asweed barrier if
25# Corn Gluten applied heavily

WASTE DIVERSION

A tota of 380 cubic yards of compost were gpplied throughout the project. Of that amount,
goproximately 250 yards were made from local waste sources here in the county during the
project. The plan was to buy ready made compost, but compost of consistent high quality proved
difficult to find.

We had an estimated demand from local consumers for gpproximeately twice the amount we
actualy applied. We were not set-up to do alarge volume of bulk compost, so a times we ether
didn’t have equipment scheduled or didn’t have enough compost on hand to accommodate dl of
the requests.
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AN OVERVIEW OF COMPOSTING FACILITY PERMITTING IN REGION 4
AND CURRENT ISSUES BEING ADDRESSED BY THE UNITED STATES
ENVIRONMENTAL PROTECTION AGENCY THAT AFFECT COMPOSTING
FACILITY OWNERS AND OPERATORS

Davy Smonson, Environmental Scientist, U.S. EPA Region 4, Atlanta, Georgia

In late 1998, a workgroup within the United States Environmental Protection Agency (EPA) was
created for the purpose of providing an interna forum for sharing information and idess regarding
sensible and appropriate management of organic materids. Thisindudes many different types of

organic materiasthat currently exist in America s solid waste stream. This workgroup, which includes
members from al ten EPA Regiond offices and from EPA’s Office of Solid Wagte (OSW) in
Washington, D.C., isreferred to as the Organic Materids Management (OMM) Workgroup. The
degree of direct involvement with specific composting issues by individua EPA Regiond gaff and
Headquarters (EPA HQ) staff on the OMM Workgroup is quite varied and is dependent upon a
number of factors. It isclear however, that Since composting is an obvious and significant component
for establishing fully successful integrated solid waste management systems, there exists great untapped
potentia for the future expansion of compost markets across the country. From this viewpoint, primary
keys to successful market expansion (and particularly to the potentia rate of expansion) include eevated
levels of public awareness and education, wide-open communications, and the ability of different groups
to work together to achieve mutua goas in solid waste management initiatives. Also, improved
information sharing among the many different entities that are involved with the various aspects of
composting will be very important. All of these things are integral parts of the equation for accelerating
the development of new markets, for enhancing the markets that currently exist and for identifying
potentia future markets for compost use.

EPA provides technical assstance toward the design, devel opment, improvement and enhancement of
composting projects and initiatives around the country, and to alesser degree to foreign countries. In
addition to offering technical assistance, EPA has aso provided financial support to various composting
initiatives. For example, EPA HQ provided funding to the U.S. Composting Council (USCC) to
establish and implement the “ Seal of Testing Assurance’ (STA) program. This year, the USCC has
been provided funds for a program that will promote the use of compost for roadside landscaping
nationwide on agtate and loca level. Moreover, apriority of EPA HQ is promoting the use of compost
by various federa agencies under Executive Order 13148. Thisincludes roadside projects by the U.S.
Department of Transportation.

Other EPA HQ initigtives involve studying compodt’s role in global warming, bioremediation, carbon

sequestration and nutrient management issues to name afew. New concepts and applications are being
examined to include:
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- the potentia use of compogt landfill covers to oxidize methane gas,

- the economic benefits of source-separated composting compared to landfill bioreactors,

- the role of organicsin the federa government’ s push for increased development of bio-based
products and energy, per Executive Order 13134.

Region 4's Solid Waste Management Program has provided financid ass stance and management of
Cooperative Assstance Agreements for avariety of compost-related projects. These have included:

- development of composting educationa materias including videos, dide presentations and
traning manuds

- athree-year project demondtrating the effectiveness of afood waste windrow composting
operation and particle screening process,

-astudy on improving efficiency of composting by control of the solid matrix structure;

- acompost evaluation study to determine effects of dternative processng modifications,

- an evaluaion of the effect of blending various organic wastes (e.g., biosolids, poultry, cettle
and food wastes) with the separated organic fraction of municipal solid wastes on performance
and product quality from compogting;

- development of a vermicomposting teecher training guide and video;

- ass tance with the promotion of backyard composting efforts.

Other involvement in compogt-related activities by Region 4 include: asssting American Indian Tribes
with development of successful composting operdtions, assisting with the organization of composting
conferences and workshops, promoting and participating in meetings and other events that involve state
and local composting organizations, disseminating EPA documents and literature to persons interested
in OMM and composting; and, speaking with school children about composting and other OMM
topics.

A primary objective of Region 4s OMM dirategy is to develop an infrastructure of al entitiesin the
Region that are involved with the management of organic materids. This effort will lend itsdlf to the
promotion of open communications and to the sharing of vauable information with regard to dl types of
OMM, including compogting activities. 1t should aso result inlesstrid and error on the part of those
wishing to successfully start and maintain OMM projects or busnesses. Included within this
infragtructure will be representatives of various federd, State, triba, county and municipa governments
(including both regulatory and norregul atory aspects), researchers, businesses, non-profit organizations
and any other interested groups or individuas. Members of thisinfrastructure have the ultimate common
objective of diverting organic materids from the solid waste stream and subsequently utilizing those
materias in amore practical, sensble and economicaly feasible manner.

As an important part of developing the Region 4 OMM infragtructure, areview of the permitting
processes of individual Region 4 state environmental programs (i.e.,, those in Alabama, Florida, Georgia,
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Kentucky, Mississippi, North Carolina, South Carolina and Tennessee) has reveded quite some
diversty in the ways and in the types of permitsthat are issued to composting facilities. Likewise, the
relationship between Region 4 and each of the states with regard to the

permitting of composting fadilities thet utilize biosolids is dso somewhat different from state to Sate.
Specifics of the individud state permitting programs and their permitting processes for composting
fecilitiesin the eight Region 4 states will be presented and open for discussion at EPA’s poster session
during the Y 2K Composting in the Southeast Conference & Expostion.
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UNIVERSITY OF GEORGIA BIOCONVERSION CENTER

Ernest W. Tollner and K. C. Dast

ABSTRACT

The University of Georgia began development of a comprehensive Composting and
Bioconverson Center in 1995. Sdlient guiding principles in the development of the laboratory were 1)
adequate space for processing samples and for doing pilot scale demongtrations which can be easily
cleaned and iswdll ventilated; 2) suitable environment for sophisticated analyses equipment; 3) baance
needs for proximity to main office coupled with redlity that some processes must be secluded due to
odor and further waste handling. The center has evolved to include a 1200 square ft building on the
UGA campus equally divided between sample prep and analyses for bench scale studies (Phase 1).
Additiondly, a Phase 2, 12 acre site 7 miles from campus has developed into a 3-acre windrow pad,
7000 sguare ft classroom/demongtration building with intermediate scae bins and sample prep area, a
3500 sguare ft building for new products'vaue-added research was recently completed. A 4 acre land
gpplication system for site runoff is nearing find permitting and completion. The paper will address how
the guiding principles were gpplied to develop the facility. Some specific shortcomings in the design and
resulting “work arounds’ are discussed.

DESIGN PRINCIPLES

The UGA Bioconversion center was developed in four phases through the Georgia
Environmenta Technologies Consortium. The UGA bioconverson center was envisioned to facilitate
aerobic composting process design for municipdities and indudtries, facilitate the sudy of innovetive
approaches such as anaerobic composting and pyrolyss, enable investigation of pre/post processing
operations associated with composting, endble investigation of air quality issues associated with solid
and liquid waste and serve as an education and demongtration center. The following design principles
were gpplied:

1. Facilities should have convenient access to the UGA campus.

'Professor and Assistant Professor, Biol. & Agr. Engineering Dept., University of Georgia,
Athens, GA 30602.
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2. Sample preparation areas are as importart from a sze point-of-view asis cean andyses
grade space.

3. Composting can be odiforus due to input stream storage and processitself. Only bonafide
composters smell “green” around compost.

4. All facets of the bioconversion operation must be done within the locd, state and federd
regulatory framework.

5. Adequate space for preprocessing and value added postprocessing is important.

6. Educationd outreach isa significant portion of the UGA bioconverson mission.

PHASE 1

Phase 1 consisted of renovating an existing 1200 ft? butler style building shown in Figure 1. This
building is on the UGA main campus. The sample prep area, approximately 600 ft?, is heated and
ventilated but not air conditioned. It provides space for ovens and furnaces. Bench scale compost bins
shown in Figure 2 are dso located in the sample prep area. The phase 1 facility is very convenient for
researchers doing bench scale recipe development and other process development. Prototype
bioreactorsfor ar quaity control approach eva uation are examples of other prototype equipment which
arelocated in thisfacility.

The clean analyses area provides space for gas anayses, and other analyses basic to compost
research such as dengity, maturity, stability and related determinations. Figure 3 shows the gas
chromatograph and other gas anadyses equipment.

The Phase 1 building essentidly satisfied design criteria 1 and 2. Criterion 3 was satisfied in that
the bench scale produced relatively few odors (mainly associated with the furnaces) which were isolated
from other campus activities. The Phase 1 bench-scae testing and evauation facility operates with
environmenta congraints smilar to those of ordinary campus chemigtry/biology laboratories.

PHASE 2

The University of Georgia Phase 2 bioconversion facility was envisioned to provide additiond
research, demonstration and education capability. Composting recipes developed in the Phase 1 facility
are scaed up to prototype levels, requiring substantia amounts of materids. The Phase 2 fadility is
permitted as a solid waste handling facility under the Georgia Environmenta Protection Divison (Ga
EPD). The solid waste permit is a permit by rule, requiring that 75% of the materia on Site originated
from the Univeraty of Georga. The center piece of the permit gpplication isthe design and
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development report. The requirements for this report are given in Appendix A. Appendix A provides
the format for the design and development report needed in Georgia for composting operations.

Phase 2 complied with the solid waste permit requirement by partnering with the University of
Georgia Grounds Department, who have an extensve campus yard waste composting operation. The
UGA grounds department had moved their composting operation twice in the last five years due to
campus expansion.

Under GaDNR rules, any facility which handles food waste, biosolids or anima manure (in a
commercid nonfarm environment) must digpose of runoff in an acceptable manner. This necessitated
collection of the runoff and disposa in an gpproved land gpplication system (LAYS). The Ga EPD water
divison oversees LAS operations. Thus, Phase 2 was required to be in compliance with solid waste
and water permits.

An oveview of the Phase 2 fadility is shown in Figure 4. The generd location was 1 mile from
housing developments and was surrounded by forests on two sides. Adequate water and power were
available. Excavation requirements were minimal. The Site was easly accessible. The main road was
somewhat of a disadvantage in that many UGA adminisirators and USEPA Region |V personnel pass
by the facility on adaily bags Thus, dl on-steirrigation and other water management activities must be
done “ by the book.” Since the photograph in Figure 4 was taken, additional vegetation has been planted
to serve as a dte buffer. Many existing trees which were to have served as buffer vegetation were
removed by the contractor in spite of extensive precautions to the contrary.

A research fadility with a clean andlysis area of gpproximately 1500 ft?, asample prep/bin
composting area of approximately 4000 ft?, a class room of 1000 ft? and 200 ft? office space serves as
the Phase 2 headquarters. The bin scale composting area consists of 4 bins which enable compost
systems research. Each bin (see Figure 5) is underlain by adrain. Bins may dso be agrated. Studies
have been completed wherein fans were temperature controlled. The bins are isolated from other parts
of the prep area by a plastic curtain which gives some odor control. A ventilation sysem which removes
ar from the bin areato an adjacent biofilter isin place. The sample prep area has enough room for small
front end loaders to maneuver when removing materid from the bins, mixing it and returning meterid to
respective bins. There are adequate floor drains and ventilation. Doors are equipped with air curtains.
The space has heating and air-conditioning capability. Small windrow pads represent the logica scde
up for many projects of interest to municipdities. The UGA facility has 6 concrete lined and drained
pads such as shown in Figure 6. These pads are located adjacent to the research facility and may be
aerated with smd| blowers.

The clean andyses component of the research facility serves the same purpose for the prototype scale

up research as did the corresponding space in Phase 1. It is envisoned that activitiesin Phase 1 may be
moved to Phase 2 due to campus expansion in the future.
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The classroom is equipped with tables for 25 students. The class room windows are

equipped with drapes for light exclusion, needed for dide presentations. Flourescent lighting is provided for the
classroom. However, the lightsare “dl or nothing.” In retrogpect a variable intendty light source enabling some
lighting during presentations for note taking would have been helpful.

The Univerdty grounds department uses a 3.5 acre windrow pad (see Figure 7) for campusyard
waste composting operations. The pad is apacked clay with crusher run rock liner. Grounds department
personnel cooperate with researchers in finding ways to accelerate the composting process. A yard waste
windrow requires as much as 9 months to compost when left unattended. Introduction of some anima manure
for C/N ratio adjustment, moisture adjustments and introduction of air using static pile gpproaches have been
jointly investigated with promising results.

Because food wastes, anima manures and biosolids were contemplated as amendments to the yard
waste on the 3.5 acre pad, Site runoff had to be disposed of in an acceptable way. The Site was not sewered
nor was there a nearby waste trestment plant. Therefore the only option was to land apply the runoff in the
adjacent forest.

Land gpplication system design and gpprova requires alength process involving preliminary ingpection
by Ga EPD regulators, preparation of adetailed irrigation system and land gpplication design development
report requiring extensive site physical and chemical characterization, development of an approved operation
and maintenance manua with scheduled water and soil sampling. The process includes a public comment
period. The catchment pond is shown in Figure 8 and a photograph of the land gpplication system isshownin
Figure 9. The LASisa4 acre solid set system with distribution lateras lying on the soil surface. The entire 4
acres may beirrigated or one may divide the system into two 2 acre Stes. The system includes awarning horn
which sounds for 2 minutes enabling anyone in the area to leave before water gpplication begins. The operator
of record of any LAS facility in Georgiamust have a Class 111 biologicd trestment plant operators license.

The Univergty grounds department purchased a smdl hose-towed irrigation system for irrigating the
windrow pad area shown in Figure 4. Experience has shown that significant portions of the runoff may be
regpplied to the compost windrows during dry wegther. Regpplication has little effect on the design size of the
catchment pond because the pond must hold surplus weter faling in wet months (typicaly winter).

A second 3500 ft? building, the value added processing facility, is shown in Figure 4. Foundations and
required utilities for a pelletizer, twin screw extruder, therma press and vacuum drier were included. This
misson is currently under development and the equipment is being ordered.

DESIGN SHORTFALLS

The primary goas and design principles are well satisfied with the UGA design. In
retrogpect, the system should be somewhat more secluded than it is. Excellent natural buffers were removed
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during the congtruction period.

The sample prep/bin compogting areaiin the primary facility istoo smal. There is not room to turn the
bins and maintain stockpiled materias. Conduits for data loggers have been added. Drainage fromthe externa
concrete windrow pads and from the interior bins was originaly pumped directly to theirrigation pump well,
turning it into a septic tank. Thisline was subsequently diverted directly to the runoff catchment pond. In
systems where there was no surface water catchment, one should anticipate an additiond septic tank with
debristraps.

In retrospect, partnering with amunicipa trestment plant would have been highly desirable. In our
case the research mission precluded such partnering. The water permit is expensgive to manage due to the
sampling and record keeping required. The irrigation system requires frequent maintenance due to broken and

clogged sprinklers. Falling limbs and debris are problems. Proper winterization is essentid. The catchment
pond was not originaly designed with aliner and had to be retrofitted after failing a seepage test. The LAS
system cost about 20% of the entire project cost. The LAS system accounts for most of the ongoing sampling
and monitoring expenses.

T A S
Figure 1. Phase One Bioconversion Fecility
located on the UGA Campus located Facility located on the UGA
Campus in Phase One sample preparation
area
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Fgure 3. Andlysis area photograph showing Figure 4. Aeria view of the University of Georgia
agas chromatograph for andyzing off gases Phase 2 Bioconversion Laboratory
from the bench scale composting gpparatus

Figure 6. Concrete lined prototype windrow
Pads adjacent to the research facility. The drain
emptiesinto the leachate pond (see Figure 4).

Figure 5. Photograph of two of four compost
bins showing the drainage/aeration system. A
mixture of wool waste and cotton gin trash is
shown in the bin on the right.
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Figure 8. Photograph showing the runoff
catchment. The structure in the front is the water
intake.

Figure 7. Windrow of yard waste compost with
awindrow turner in the background.

Figure 9. Photograph of land gpplication
System showing control vaves and warning
horn.
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Appendix A

Georgia EPD SOLID WASTE PROCESSING
DESIGN AND OPERATION PLAN

Supplemental Data for Solid Waste Handling Permit

The Design and Operation Plan should be devel oped only after EPD has received written zoning approvad
from the applicable governing authority. The gpprova letter should specificaly reference the process. EPD
gaff will make an on-Ste investigation as part of the design review procedure. The following format isto be
followed. The information and data listed below are minimum requirements for incluson in the plans,
Additiona information and data may be required depending upon the specific facility and waste recelved.

Generd

Sheet dimengons of the location map, Site design sheet, and detall plan of the facility should be 24” X 36".
Sheet szeisnot to exceed 30" X 36" nor be lessthan 24” X 30”. Each of these sheetsin the plan are to be
the same Sze using atitle block.

Plans are to be prepared by a professona engineer registered in Georgia. The engineer’ s samp must be
placed on each sheet of the plan.

Submit two (2) copies of the Design and Operation Plan for initid review. Six 6) copies of the Design and
Operation Plan are required when the plan is approved.

Format

[. Title Sheat
A. Location Map

1. Minimum 5 mileradiusfrom ste

2. DOT County Map or equivaent: Map should be updated through local
reconnaissance. Show north arrow.

3. Direction of stream flow

Officid name of processng operation

Table of contents

Respongble officid: Title, address and telephone number

Property owner: Name, address and tel ephone number.

Consultant: Name, address and tel ephone number
197
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I. Site Design Sheets

A.

O

Generd/plan criteria

1. Scde linch =100 feet

2. Incdudeascdeline

Indicate north arrow

Property lines: Show bearings, lengths and include a written property description.
Exigting Site topography: Must extend at least 50 feet beyond property lines

1. ldentify dl existing physca/land fegtures

2. Contour interva: Two (2) feet unless another interval is approved by EPD
Fecility layout

Limited accessto facility

I1l. Detail plan of the facility (Detail drawings for shop fabrication and field congtruction are not

necessary)
A. Fadility Layout

1. Receving areg;

Pre-processing storage ares;

Location of processing equipment;

Resdue storage area and containers,

Drainage system discharge for wastewater, surface run-on and run-off - include
profiles, if necessary;

Locetion of fire control equipment; and

ok~ 0N

IS

7. Vehicle and equipment cleaning area.

B. Schematic drawing of equipment showing the flow of waste through the processing
equipment. Label each part of the process.
IV. Narrative
A. Description of incoming wastestream(s)

1. Sources, types, and the weight or volume of each wastestream to be
processed.

2. Compostiond estimates - % of liquid/waste congtituents, inerts, etc.

3. Specid environmenta pollution or handling problems associated with
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wadtestream.

4.
5.

Verification that incoming waste is not hazardous, if necessary.

For specid solid waste (waste accepted for processing from facilities located
outsde of Georgia), waste andysis plan as required by Section 391-3-4-.10(c)
of the Solid Waste Management Rules.

B. Storage and containment

1

Storage capacity of facility (cubic yards)
a. Receaving areg;

b. Pre-processing storage; and

c. Resdue storage area and containers.

2. Containment of waste

C. Transportation of waste to facility- Chain of custody procedures for specid solid
waste.

D. Processng of waste Operating parameters, end use of processed material, design and
congtruction of processing equipment.

E. Digposa of waste residue

1

o gk~ wbd

Containment, handling and remova of residue from facility.

Treatment and disposal of wastewater.

Method for ensuring solid wastes pass the Paint Filter Test.

Trangport of waste resdue to disposal facility

Name, location and permit number of facility digposing of waste residue.
Disposd of rinsate from vehicles and storage tanks.

F. Contingency plan and emergency procedures

1
2.
3.

Procedures in response to fires, sills, explosion or equipment failure at facility.
Lidting of al emergency equipment and spill containment equipment.
Include a statement to the effect that type and quantity of fire suppression equipment will
be ingtalled per directions of the loca fire marshd, and letter of coordination with
appropriate emergency response personnel.
Arrangements f or handling waste if storage capacity is exceeded due to
equipment fallure, fire, explosion, etc.
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a Gengd; and
b. Specid solid waste.

G. Supervison and manpower requirements

1.Supervison of facility; and
2.Education and training of supervisor(s) and employees.

H. Closureplan

1.Removad of dl cortainerized waste resdue, €etc.

2.Remova of contaminated wastewater from sumps and floor drains.

3.Edtimated cost of closure utilizing third party and facility not operating with seven (7) days of
waste on-gite.

I.  Other permits

1. Air Qudity (EPD);
2. Water Quality (EPD); and
3. Locd.

J.  Fnancid responsbility

1. Provide proof of adequate financia respongbility for closure by oneor a
combination of the following mechanisms: surety bond, trust fund, letter of
credit, insurance, financid test (See EPD “Wording of Financid Respongibility” packet).

2. Closure cost
a Provide adetailed written estimate, in current dollars, for cost of closing facility.
Estimate must be equal maximum cogt for find closure a any time during the active life of
the fecility.
b.Name, address and telephone number of the person or office to contact about the
fecility during closure.
c.Discuss closure cost adjustment for inflation each year facility isin operation or
increases in cogt associated with permit modifications.

K. Other provisonsfor specid solid waste.
1.Procedure for manifesting specia solid waste; and
2.Procedure f or recordkeeping and payment of trust fund fee.
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L. Post Closure
LInclude a satement to the effect that upon the decommission of the facility no further
monitoring or maintenance will be required.
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HOME COMPOSTING IN CONTEXT: NUTRIENT FLOWS AND
USE EFFICIENCY IN AN AMERICAN RESIDENTIAL HOME
ECOSYSTEM

Don Boekelheide
Mecklenburg County MCPLANT Program

Home compogting is more than a cost- effective method for reducing residentid waste. Compost
a so enriches garden soil by adding nutrients that would otherwise be logt to the landfill. These
nutrients, including fixed carbon in the form of organic matter and *humus, nitrogen and
phosphorus, are key factors in determining oil fertility and the productivity of neturd and
agricultura ecosysems. Analysis of nutrient cycles can reved much about natura ecosystems,
as shown by the work of Odom and others. In agricultura ecosystems, studies of nutrient use
efficiency have helped demondrate that routine applications of large amounts of fertilizer may
not increase yields, but may well increase pollution.

What can these complementary approaches teach us about American homes and yards? Using
modeling techniques from systems theory (especidly those suggesed by Waddington), ecology
and agroecology, this poster presents a prelinary modd for nutrient cycling within the
boundaries of a suburban home and garden, focusing on the fate of nitrogen, phosphorus and
fixed carbon. In contrast to a natura ecosystem, or even afarm, ‘conventiond’” American
patterns of suburban life lead to avery low levd of nutrient use efficiency. The high level of
nutrient ‘throughput’ and habitual patterns of handling ‘garbage’ combine to concentrate nutrient
losses, generating ‘burgts of extremely high nutrient load that convert desirable nutrientsinto
damaging pollutants. Using the modd as a point of departure, this poster examines the effect
various behaviors, including ‘ conventiona’ lawn and garden design, home composting and
centralized composting, on nutrient use efficiency within the home system’s boundaries. This
approach raises questions about the sustainability of widespread and deeply entrenched
behaviorsin American culture.

Don Boekeheide (MS, Agriculture), graduated from the Univergity of Cdlifornia, Santa Barbara
and the Cdifornia Polytechnic State University (Cd Poly), San Luis Obispo. His thesis research
a Cd Poly was a systems study of nitrogen use efficiency over Sx yearsin a Cdifornia
agricultura ecosystem. He is a returned Peace Corps agriculture volunteer who served in Togo,
West Africa. He is now working as a consultant for Charlotte-Mecklenburg, North Carolina's,
home composting and PLANT program. Contact him at dboek@aol.com.
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