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PREFACE 

The first “Composting in the Southeast - 1998” is a conference that grew out of the “Composting 
in the Carolinas” a biennial event last held in 1996 in Myrtle Beach , SC. The organizing 
committee found that there was a need for a forum to exchange the latest news in research and 
practices within the composting industry in the southeast. With the goal of fulfilling this need, a 
seven state committee was formed after the 1996 conference and this committee worked towards 
this 1998 conference in Athens, GA. 

The growth of the composting industry will depend on the efficiency with which we exchange 
information on the successes and failures that we see in day to day practices within the industry. 
Important issues include improving current processes to reduce costs and odors and improve 
product quality, special processing related to industrial and agricultural wastes and compost 
product utilization in traditional areas and exploration of new areas. 

I b v e  found these topics and specific papers to be of value in brining me up to date with the 
current state of the art within the Southeast. These papers are written so facility managers, waste 
management professionals and operators can gain from the experience of others. I thank each 
author for their contribution to this proceedings. The conference planning committee thanks 
those who provided support and encouragement by attending the conference. 

K.C. Das, The University of Georgia, 
Chairman, Planning & organizing committee 
Composting in the Southeast - 1998 



DISCLAIMER 

Papers appearing in this volume were submitted by the authors in a “camera ready” form. They 
were reviewed only for editorial consistency. This is not a peer reviewed proceedings, the 
authors are responsible for the technical accuracy of the data and interpretation of the data. 
Opinions and interpretations employed in these papers do not imply the endorsement or support 
of the editors or publishing agency. Use of brand name, firm or trade names in this volume is for 
identification purposes only and does not constitute endorsement by the editors, publisher or 
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COVERING COMPOSTING WINDROWS: 
EFFECTS ON THE PROCESS AND THE COMPOST 

Monique Pare 
Timothy C. Paulitz 
Katrine S. Stewart 
McGill University 

Macdonald Campus, Ste-Anne-de-Bellevue, Quebec, Canada 

ABSTRACT: Composting trials were undertaken to study the feasibility of using crucifer or carrot residues with 
sawdust or straw for composting. Geotextile covers were tested for their influence on different parameters. Two 
complete composting cycles were monitored. Measurements were taken for compost temperature. moisture, and 
leachate, Physico-chemical analyses were performed on compost samples. Phytotoxicity tests were done with compost 
leachate samples. The results showed that the temperature of the covered compost (CC) decreased more slowly 
during late fall and early winter than that of the non-covered compost (NC). In addition, CC did not freeze as deep 
over the winter, and it warmed up sooner and faster than NC in the spring. The moisture content of CC was 
significantly lower than in NC at the end of both composting cycles. CC had a higher mineral content than NC in both 
cycles, and nitrogen, phosphorus and potassium levels were significantly higher in CC of the second cycle. The 
carbodnitrogen (C/N) ratio of CC showed a more important decrease earlier in the cycles observed. The quantity of 
leach’ate from CC was significantly reduced compared to NC in the second cycle. Compost leachate showed a high 
level of phytotoxicity in the first part of the composting cycle and this phytotoxicity disappeared sooner in CC of the 
first cycle. However the leachate in the second cycle became non-phytotoxic at the same sampling time in both CC 
and NC. The effects of geotextile covers inkluded a favorable influence on compost temperature in Late fall and in 
spring in a northern climate; a higher retention of mineral elements; an earlier maturation of the compost, and a 
reduction in the quantity of compost leachate generated. The use of these covers by agricultural producers or other 
composting operations could result in a better quality compost while releasing smaller amounts of leachate in the 
environment. 

INTRODUCTlON 

Vegetable cropping systems yield large quantities of food material per surface area and generate considerable 
volumes of plant waste both in the field and as a result of processing. In order to minimize the environmental impact 
from improper waste disposal and to tum these plant residues into a valuable resource. some Quebec vegetable 
producers wanted to investigate the composting option. Several systems are available for composting. open systems 
with periodically turned piles or with static piles having forced ventilation; closed systems using vertical reactors 
which have continuous or discontinuous mass of materials. or horizontal reactors where materials are either static or 
periodically turned (de Bertoldi and Zucconr, 1987) In Quebec, open systems are most often used for farm residue 
composting (Sauvesty and Tabi, 1995) 

Fruit and vegetable wastes are classified as a moderate to wet type of material with a moderate to low C/N ratio 
depending upon the nature of the waste (Rynk 1’1 a/.. 1992) They are considered to have a poor to fair structure 
which means that standing piles of these wastes quickly collapse into a wet mess if nothing is done to process them. 
According to Rynk er a/. ( 1992). the moisture content of a compost is particularly critical due to the risk of anaerobic 
conditions accompanied by odor problems and slow decomposition. In this project, it was expected that the 
carbonaceous material combined with the vegetable wastes would compensate for the high moisture in the vegetables. 
Due to a concem about groundwater contamination by compost leachate derived from precipitation water; the 
research project included the use of geotextile covers on compost windrows. Compost leachate initially results from 
the decomposition of the organic materials. then subsequently fiom percolation of precipitation and fiom runoff along 
t h e  surface of the piles There is little work which specifically addresses the phenomenon of leaching. Most of the 
work done has been concerned with nitrogen leaching (Ballestero and Douglas, 1996; Dewes. 1995; Ulen. 1993). 
Nitrogen leaching is very dependent on the form of waste being composted and its initial characteristics (Ballestero 

.. and Douylas. 1996) The application of plastic sheet covers on  compost piles did not reduce total nitrogen losses since 
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the covers enhanced NH, exhalation to such an extent that total nitrogen losses increased (Dewes, 1995). Fleece 
blankets placed over a compost windrow kept the level of nitrate-nitrogen in leachate consistently lower than when 
the blankets were removed and the site exposed to rainfall. (Lufin e1 ul., 1995) Bidlingmaier (1992) noted an 
increase in the percentage of leachate relative to the rainfall as the compost matured and temperature decreased. this 
relative increase in leaching was attributed to a decrease in the rate of evaporation of the composting mass 

The parameters studied in relation to the use of the geotextile covers included compost temperature. compost 
moisture, physico-chemical characteristics of the compost, as wdl as the volumes and the qual* of compost leachate 
It is important to follow the temperature evolution in a compost windrow: a high temperature ( 5 5 - 6 0 O C )  is desirable 
for 2-3 days in the first stage, to sanitize the materials. but the rates of microbial activity and drying are greater at 
temperatures of 38-55OC (Hoitink and Fahy, 1986). In the case of vegetable residues, plant pathogens could be 
present in this material and should be exposed to adequate temperatures to destroy thcm. 

The objectives of this research project were: to monitor the composting process of vegetable wastes in an 
intermittently-turned windrow system; to examine the &ect of geotextile covers on compost temperature. compost 
leachate, and compost quality; and to assess the survival of important plant pathogens in a compost made from 
vegetable wastes (not discussed in this paper). 

MATERIALS AND METHODS 

The composting trials were run on the Macdonald Campus of McGill University (Ste-Anne-de-Bellevue, Quebec. 
Canada). This site is in a climatic zone where precipitation averages 940 mm (37 in.) annually, and the temperature 
ranges ffom -35OC (-3 I°F) to +35OC (95OF). Twelve composting platforms were built to provide conditions where 
leachate could be recovered and measured. Each platform measured 3.5 meters wide by 4.6 meters long; they were 
arranged in three rows 4 meters apart, witH an in-row spacing of 2-23 meters between platforms. The randomized 
block design included 3 blocks of 4 platforms. with 2 replicates within each block. The design was a 2 x 2 factorial 
experiment (covereanon-covered and withhithout pathogens). The organic material used included cauliflower 
wastes and sawdust (1  : I  v/v) the first year; crucifer wastes and wheat straw (9: I(C0mpressed) v/v) the second year. 
The compost material was mixed and partially shredded with a manure spreader before piling it onto each platform to 
a height of about 1 .5 meters. Only 6 platforms were used in the first vear of the project because of a shortage of 
vegetable residues due to the late stan. Startine dates were November I5 in 1994. and October 12 in 1995. The 
complete cycle lasted 271 days the first year and 288 days the second year. 

The geotextile covers (Compostex@ bv Texel Inc.. St-Elzkar. Quebec) applied in the covered treatment were made 
ofnon-woven fibers (polyester and/or polypropvlene). 1 6 mm thick. This material was permeable to air and gas. but 
water-repellent. They were left on the compost throughout the cycle, bemg removed only tor turning operations. Half 
of the compost windrows were inoculated with infected plant material representing three phytopathogens: there was a 
total of 28 samples per pathogen that were distributed in each inoculated windrow The pathogens samples were 
either in a fixed determined position or placed at random in the compost windrow. 

The temperature was read three times a week at two depths (30 and 60 cm) in two locations for each platform 
Moisture was measured from composite samples taken at about 30 cm depth. every 1-2 weeks (except for winter 
time) The samples were weighed before and after oven-dryng. Samplins for phvsico-chemical analyses was done at 
the beginning ofthe cycle (fall), before turning in spring time. and at the end of the cycle. Leachate was collected and 
measured after each precipitation. Samples of leachate were taken at six different times during the composting cycle 
for phytotoxicity tests. A germination index was calculated with a cress yermination test (Zucconi et al., I98 1 ) 
performed with the collected leachate samples. Leachate from the first 10-12 days of composting was not included in 
comparine volumes for the two treatments. since most of this leachate was not a consequence of precipitation. 
Phvsico-chemical analyses were done for leachate samples taken at the beginning and at the end of the two cycles. 

*- 

The temperature and moisture data were analyzed using a spatio-temporal or temporal repeated measures analysis 
of variance (ANOVAR) (Dutilleul. 1997) in order to check for interactions between time, depth and treatments. The 
second vear data for leachate volume were submitted to an ANOVA after being log-transformed for normalitv 



requirements. Results from the cress germination tests were submitted to ANOVA, checking for treatment main 
effects at each dilution level within each sampling date 

RESULTS AND DISCUSSION 

COMPOST TEMPERATURE 

At the beginning of both cycles, temperatures above 55°C were recorded at 30 cm and 60 cm depths, in both CC 
and NC. CC stayed above 55°C slightly longer than NC ( I  I - 14 days vs. 8-1 0 days) in the two cycles. During the 
initial thermophilic period of the second cycle, temperatures above 70°C were recorded at the 60 cm depth for both 
CC and NC treatments. Such conditions are detrimental to the composting process. Microbial activity starts to decline 
at temperatures above 60°C because even thermophiles no longer have optimum conditions (Miller, 1993). The time 
required to perform the retrieval and insertion of pathogen samples (for the other aspect of the experiment) reduced 
the flexibility of the experiment in terms of timing the turning operations. That is why temperatures went above 
desirable levels before turning could be done 

A significant interaction of time and treatment was identified for the fall (days 15-65) and spring (days 158-189) 
periods of the first cycle (Figures 1 -A and 1 -B). This interaction reflected the difference in rates of cooling in the fall 
and the rates of warming in the spring between the two treatments. The temperatures recorded for the first 47 days 
(fall period) of the second cycle consistently showed a significant difference between treatments (Figure 2-A). The 
early spring temperatures for that cycle (first 20 days) also showed that CC was significantly warmer than NC (Figure 
2-B): As in the first cycle, there was again an interaction of time with treatment for these same periods. The added 
protection from the covers prevented the compost mass from freezing down to the center like the non-covered one 
did, particularly in the second winter. The frozen NC delayed the compost turning operations of the second spring 
(1996) by nearly 20 days. Although larger bze windrows may not be subject to similar freezing problems. this 
observation underlines the protective effect of the covers against cold conditions. During the summer period when the 
composts were reaching the maturation phase. the geotextile covers had no significant influence on compost 
temperatures in both cycles. 

The more limited number of replicates in the first cycle did not allow us to obtain statistically significant differences 
in compost temperatures. with a few exceptions However. the results showed a definite trend in the effect of the 
covers on this parameter The presence of covers not only kept the compost warmer. but it also affected the rate at 
which the compost cooled in the fall, and warmed in spring time. 

COMPOST MOISTURE 

Moisture levels were close to 70% at the beginning of each composting cycle. There were no significant 
differences between treatments for the fall period in either year. In both years, CC did not remain as moist as NC as 
the cycle advanced In the first cycle. CC was significantly drier over the period starting on day 174 (May 9) until the 
end of the cycle (August 14) with one exception (Figure 3-A) A similar moisture pattern was obtained in the second 
cvcle. where CC showed moisture levels signifkantlv lower than NC for the period startins on day 223 (May 2 I )  to 
the end of the cycle (July 25)  with one exception (Figure 5-B). 

The factors that could have contributed to better drying of CC include a more prolonged active penod in the fall 
with warmer temperatures in the compost, and the water-repellent action of the covers preventing precipitation water 
from penneatins the compost. As Finstein el a/. ( 1992) observed, the heat generated by the decomposition of organic 
materials vaporizes water. and the vaporization causes drying of the compost. Water vaporization is not impeded by 
the porous material of the yeotextile covers. Drying of the compost is not desirable in the earlier stages of - 
compostins. but the time at which lower moisture was observed corresponded more or less to the maturation phase 
where actinomvcetes and fungi are more predominant and more tolerant of lower moisture levels (Zucconi and 
deBertoldi. 1987) However. moisture levels below 40% will slow down microbial activity and result in a reduction in 
terms of diversity and numbers of organisms in the compost. Therefore low moisture levels should only be targeted for 
the maturation phase.of a compost, so that the moisture level does not become a limiting factor in the composting 
process. This research did not provide the opportunity to veri& the influence of the geotextile covers on moisture 
levels of a compost that would be started at a different time of the year. e.y. early summer start. However, it seems 
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that, given an adequate moisture level at the initial stage, a covered compost would remain moist enough for the 
active degradation of materials until the maturation phase. 

PRYSICO-CHEMICAL ANALYSES OF THE COMPOST 

Analyses of the finished composts indicated higher levels of nitrogen (N). phosphorus (P) and potassium (K) in CC 
for both cycles (Figure 4). The difference was statistically signifcant in the second cycle only. In both years. the 
micronutrient levels were all slightly higher in CC, with one exception (copper in the first cycle). The nitrate content 
of CC was higher than in NC at the end of both cycles and this difference was significant in the second year. 

The apparent losses in N and K particularly, from NC demonstrated the influence of precipitation in affecting the 
nutrient content of a compost. Based on analyses done earlier (spring), it appears that a greater nutrient loss occurred 
earlier in the cycle before the compost material had reached a certain level of stabilization. 

The relative drop in CM ratio for each treatment showed Similar patterns in both cycles. In the first one, after 
starting with a C M  of 46.3, the compost analyses in spring showed a C/N of 24.7 and 34.9 for CC and NC 
respectively; these ratios were hrther reduced to 13.7 and 16.6 by the end of the cycle. This illustrates the effect of 
the covers in advancing the maturation process of the compost. This fact was confirmed by the higher nitrate content 
of CC. The presence of nitrates is also an indicator of maturity. As the compost matures. the form of mineral N shifts 
from ammonia to nitrate (Mustin. 1987). 

COMPOST LEACHATE 

The volumes of leachate recovered in the first cycle showed more noticeable differences between the two 
treatments in the first part of the cycle (upto day 163), where CC yielded lower volumes of leachate. In the second 
cycle, the fall period leachate volumes were not significantly different although NC yielded more leachate. The results 
for the spring and the summer periods indicate a significantly lower (P<O.Ol) leachate volume from CC (Fipre  5 ) .  
The geotextile covers contributed to a reduction of 79 6% and 63. I% of the compost leachate volume for the spring 
and summer periods, respectively. Physico-chemical analyses performed on leachate at the bqynning and at the end of 
the cycle did not show any consistent trend in mineral content More frequent analyses would be required to monitor 
the nature and concentration of elements that may be present at any particular stase 

The apparent lack of response to the covered treatment in the late springlsummer period of the first year could be 
explained by the experimental setup. The special platform setup for collecting the leachate included an impermeable 
membrane that covered a given surface area While the mass of composting materials was reduced in volume as the 
composting process advanced, the platform area remained the same. This resulted in having part of the platforms area 
not being occupied by compost, leaving wide edges exposed llnless the geotextile covers were pulled tight outside 
the complete platform area, precipitation water divened by the covers could still end up being collected as leachate 
after reaching the ground within the platform area. In the second year, more attention was yiven to prevent non- 
leachate water from reaching the collection system in both CC and NC, as the compost mass diminished. The 
geotextile covers edges were also pulled outside the platform collecting area as much as possible. Therefore. the 
results of the second cycle are more representative of the effect of the geotextile covers in reducing the occurrence of 
leachate. The leachate collected in the first stages of composting are somewhat difficult to evaluate. since part of it 
may be attributed to the water derived from the initial decomposition of the fresh organic materials. Liquid collected in 
the first IO- 12 days ofthe composting cycle were not included in the statistical analvses since no major precipitation 
had occurred during that time. Nevertheless. the difference between treatments may have been attenuated in the 
remainder of the fall period due to the potential contribution of the organic materials to the leachate collected. 

The phvtotoxicity tests performed with the compost leachate gave variable results. In the first year, leachate from 
NC resulted in a lower germination index than that from the covered composts. The differences between the two 
treatments tended to become more significant at higher concentrations. CC leachate at 100?!0 concentration reached 
the safe threshold (germination index >60) in the samples of May 1995 (day 183). while the NC leachate had reached 
that stage onlv at the last sampling date. In the second vear, no significant differences were found between treatments 
at any given concentration or date of sampling The threshold for absence of phytotoxicity was reached by the third 
sampling date (dav 107) for both treatments The difference in characteristics of the compost leachate between the 
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two cycles may reflect some of the modifications that were made after the first cycle. The platform base collecting the 
leachate was changed from a fine sand base to a two-layer base of gravel and coarse sand. This would have affected 
the flow and content of leachate going through. The nature of the carbonaceous material was also different: sawdust 
in the first cycle and wheat straw in the second cycle. However, the trends observed demonstrated that early leachate 
is highly phytotoxic unless diluted to 10-30%. It is likely that the substrates used and the rate of decomposition will 
play a role in determining the characteristics of leachate. It was not clear whether geotextile covers influenced the 
quality of leachate in that respect. 

CONCLUSIONS 

The application of geotextile covers on compost windrows presents s e v d  potential benefits. The protection 
offered by these covers can allow a producer to start a composting cycle in late summer or fall with the expectation 
that temperatures will be adequate in the windrows, despite cold air temperatures. The prolongation of warm 
temperatures within the compost in the fall and spring can result in an earlier maturation of the compost. A covered 
compost can present a lower moisture content as it nears maturation, making the handling of the material easier. 
However, the moisture content of a covered compost would have to be monitored to insure that it does not become 
too dry too soon in the composting cycle. The reduction in leachate volumes results in better retention of mineral 
elements in the compost, and at the same time, less risks of groundwater contamination. Even in situations where the 
leachate is recovered for treatment or disposal, the reduction in volumes to handle is also advantageous. 
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Compost Temperature - Fall 1994 A 
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FIGURE I - 1994-1995 Effect of covering on the temperature of compost piles at 
depths of 30 and 60 em Each point represents the mean temperature of 3 windrows 
Time intervals are as follows ( A )  17 1 1  94 to 25 01 95, (B) 05 04 95 to 25 05 95 (C30 
and C60 are for covered compost at 30 cm and 60 cm depths, N30 and N60 are for non- 
covered compost at 30 cm and 60 cm depths) 
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FIGURE 3 - Compost moisture content for the spring and summer seasons of (A) 
1995 and (B) 1996. Data points represent the mean of 3 windrows in (A)  and of 6 
windrows in (B) for covered compost (C) and non-covered compost (N). Significant 
differences are indicated with * (p< 0.05) or with ** (p< 0.01) for each date where they 
occurred 
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Compost 1995 - Final Analyses A ’  

N P K Mg Ca NO3 

B Compost 19% - Final Analyses 
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FIGURE 4 - Final physico-ekemicrl analyses results for composts in covered windrows (C) and 
non-covered windrows (N) in 1995 (A) and 1996 (B). Data represent the mean of three Windrows in 
(A) and of six windrows in (B). Significant differences are indicated with * (P< 0.05) or ** (p< 0.01 ). 

COMPOST LEACHATE 19991996 
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-. FIGURE 5 - Compost leachate volumes for the year 1-1996 from covered compost (C) and non- 
covered compost (N). Data represent the mean of cumulative volumes per platform for each treatment in 

each ofthree seasons Treatments with a different letter differed significantty (P< 0 01) wthin a given 
season 
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weight). As a general summary, the jnles containing tbe bulking agents generated beat faster and m a i m  
temperatures longer. Also, jnles under aeration drid out faster. 

BhRKEiT RESEARCH 
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TABLE 1 

I Commercid-UTw 

Labor $103,100 

CAPITAL COST SUMMARY 

Agricultu~~l- ASP 

$63,100 

TABLE 2 

OPERATIONS AND MAINTENANCE COST SUMMARY 

~~ 

Bulking Agent' $0 

1 - Assumes $4/ton cost to purchase and transport ground yard waste and/or corn stalks to the site 
2 - Includes equipment and site maintenawe costs 
3 - Based on estimated usage and $30  per gallon for fuel 
4 - b e d  on estimated usage and $. 10 per kilowatt-hour 
5 - Includes utilities, insurance, Licensing, laboratory analysis of product, product mprketing costs, and engineering 
consulting fees 
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TABLE 3 

FAYORGANITE COMPOSTING FACILITY 

ESTIMATED ANNUALIZED COSTS 

$374,100 $163,550 

1 - Capital amortized at 8%. Includes land, utilities, engineering, and sibwork at 20 years, and equipment at 7 y m .  

TABLE 4 

ESTIMATED FACILITY NET PROFIT (LOSS) 

commercial - UTW Agricultud - ASP 

Total Annual Cost $374,100 $158,20(1 

$275,000 $0 Wood Waste Tip Fee Revenue 

Compost Sales to Horticultural $41,600 $17,500 
Market 

I 
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OPERATIONAL CHALLENGES ASSOCIATED WITH A COMPOSTING 
FACILITY AT THE HIGHEST ELEVATION IN THE EAST 

F. M. pitmran 
North Carolina Cooperative Exten&on %mice 

Newland. North Carolina 

The Town of Beech Mountain provides water and wastewater SQyiCes to appximately 1800 comcctions. The 
town is located in the northwest mountains ofNorth Carolina a! an deVatian of5500 kct. Beech Mountain is a 

the largest attraction Witha full time poplbtian of263 andawinta and summaincrtase of almost loo00 
operation challenges are a mustant. 

Compostingbegan in 1990 whenthe town couldno longer sapdbfosoildf to the land6ll. After looking at land 
application, and finding no sites the oould be permitted due to the “ous # r r a i n d t k t h e t b a t w e h a d a  
program for collecting wood chips d y a r d  wastc mede compostbgaviaMe choice for reuse. The opcrat~on is 
comprisadof a 200’ by 200’ aspbalt ped witha200 cfmbiawer, froma oidtreatment plent, located next to the Pond 
Creek was&cwater plant .AUoftheconstructionwascbnebytktowncmplayees. Thefacifiry ispermittedfor Sdry  
tons of biosoilds per year, and has poduced a high SllaIity produa. 

summer and winter resort Cammlmity, with ski Bcecb s k i m  d l b e  Beech Mountain golf club beginning two of 

With a town elevation of 5500’ and a k % t y  d d m  of 3720’, wk+t arc somc of tbe operation challenges we 
face? Most are w e a t k  related, at this elevation thacatc 4 true scasms. Inthe winter you sa cold temperahns, 
rain snow and ice. In spring you have raiu summ~wium andheavy storms. DuringthefaU thugs are 
usually calm The other challenges are “agingpducL and finding technical support. How do we -1 witb these 
challengts and still poduce a gualrty product? 

TEMPERATURE 

With heat a major component of the aqxxtmg * proem, low airtcmpcxatrpcs caw a problem in the treatment 
of the compost. Beech Mountainuses the* Acrated Staticpilc” process, an an openpad Withma cover topotea 
the process one of the ways we have found to keeptcmpcratunssbavc 55 C. in fhewintais to COVCT the pile witha 
top layer of wood chips. Tbis is an operational pmcuhrc that is &ne with compost tbat is mixed in the late fall. 
Compost is only mixed 3 4  times per year. due to tbevariatioasin flow wc receive, in May, July, odober. and 
November. Thts exha m e r  acts as an insulating Mvlktt to k a q  the mix warm. One of the poMems associated with 
this is you must use extra long probes to ga goad temp~;rturr rcachgs. The lwon for extra length is for not only 
for the bya of chps. but the fact that Beech M o r r n t a i n m g e s ~ l y  60” of snow per year, anddurmgthe 
past 3 year we have meraged over 100”. The snow in some ways helps thep.occss, by insultingthe pile andadding 
moisture to the mix as it melts. This procechrn hss WWLed sofarand we havcbetn able to sce mixtnnperaturcs 
maintainanaverageof60C. drnrngthemixcycle.Tbeuseof~~iso~poss~lebecauseofthestocLgile 
of buIk material we have. During the SU”Q months one 4 - man QCW dost righta-way cleanng, and per town 
onhanee all yard waste is picked up once each week andbrought to ?hecompost faciliw. These pickupsallow us to 
create a very large stockpile of bulk material for future use. 

RAINFALL 

Rain and mow may be the greatest operational challenges for this facility. With an average of 54” of rain per 
year, and 60” of snow, stom and nm off can cause major poblems. The worst bcginmng a combination of a 30” 
snow and a ram event on top of that or a tropical system that makes it to the mountains. During the pest 5 years there 
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have been 3 such events. These storms create two separate problems. 1) With outfalls tbl begin at 5500’ and drop 
to 3700” in a &stance of about 5 milesandtheassociatedI & I problems the influx of watcrhyQaulics the waste 
system 2) the facility sets at a bend on the stream itself which can be a flood hazard In two of the storms water cut 
out of the st” dmnnel cut across the ampa4 buIk storageanddestroyedabout half of the compost pa4 it then 
aaveled through tho lab/blowtr building and across the wastewatef plant. With the d“ge from the pad going into 
the plant this only madethe damas tothe plant worse. Within 3 monthstkwastcwatcrplamwas shutdown and 
the shaft in the clarifiermixernpaactd, along with the drive unit. 
Pk“g is the only way to manage these situations, and w“es that is not very effective. You must plan 

when you waste from the plant so that you are mirdngcompod htbe tima that it isless likely to be affectedby 
these weatherevents. The normal procedure is to waste i n k  March, JUDC, August, andOctober. This wil l  give the 
solids time to dry on the beds to about 35 - 39 %moisture, at which point it can be mixed at a ratio 3 parts bull; to 1 
part biosoilds. In planniag to Q most operations in this way the facility is clear of any product that a d d  be harmed 

MANAGING PRODUCT 

One of the concerns of -the compost Ebcility was what to do withthefiniskdproduct. After mixing at the 
3:l lati0 you end upwith about 40 tons of product. and possibility 50 tons. The opislnal plans called for placement 
of all compost on madcuts madeby the town developtrs, with60 miles ofroadsthisgave a good outlet forthe 
product. Since that time we have found otber outlets forthis poduct, slachas~x.tcrflowcr &rrdcas, and business 
and homeownen. The very low metals content and the ability of the proces~ to mcet pathogen requiranentS has also 
allpwed it to be usedin some of the roadside overlooks andparln With so many new ways to use COmPoSt, anda 
very good a c c e p t ”  by the rcsidcnts and visitors, the town basnot only been able to reost a waste byproduct. but 
do so inawaythatiscost cf€ective andenhancesthe natmal “dings. 

HOW HAS LOCAL COOPERA”IVE,EXTENSION PROVIDED SUPPORT 

One of the pmblans Beech Mouodain faced in 1990 wbcn it couldno longcrlandfill biosoilds was “What do we 
do now”. Land application was not anaprion duc to the fact that were w suitable sites, d t b c  cost totransport 
somewhere else would be prohibitive. ’Ibis where North C h m b  Coopaativc Extension stcppad in, F. M. Pinman 
from the Avery County oflice andDr. A R Rubia f” North Carolina State pwided stveral forms of assistance, 
and that assistance is ongoing not only with Beech Mountain bua with o t k  muoidplities in Avery County. 

Cooperaave Extension support includes; 
1) ‘Feasibihy AsseJsoent’ ofthe biosoilds facility, by uraminingtbe feasibility of alternative management 

practices, whaher it is laMi applicatim. composting or Lime stabilization 
2) ‘Ad -hoc Technical Assislance’ by developing solutions to technical poMans caused by seasonal 

fluctuations in population. 
3) ‘InformationDissermna tion’ by co“gannual  d g s  to discuss tcchnicaL regalatory and public 

relation issues. 
4) ‘Other Forms of AssistaM;e’ by conductingbiosoilds tesbrg iindkcepmgthe up- to -date on 

environmental regulations. 
The assistance provided by Cooperative Extension has imprwed the biosoilds managemeat capabilities. 

practices. and performnce of the municipal facilities. They have helped the town to find qual15 information, and 
make lnformed choices about beneficial reuse. The cooperation and contmd work with tbe extension agents will 
fiuther unprove management padices. save the town money, and produce a safe high @ty prutiuct that is used in 
the  communi^. 

DOES COMPOSTING IN TBE MOUNTAINS WORK 

Even with all the problems Beech Mountain faces from weather- to tcchcal poblcms. to management of 
procluct, compstmg CUI be done anda quality procluct poducc& With thehard workofthe k c b  Mountain staff: 
-the North Carolina Cooperative. and the acceptance of the pblic, Beech Mauntam ‘ hasbeen able to take what was a 
waste proctuct and turned it into a recycled beautrfication product that can help promote the natural m u n b g s  of 
h s  resort commtmily. 
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CLEAN ORGANIC WASTE COMPOST PRODUCTION AND EVALUATION IN SOUTH FLORIDA 

Herbert H. Bryan, Ph.D. and Nolan J. Heckat, D9.S. 
university of Florida, IFAS, Tropical Rescarch and Education Center 

Homestead, FL 3303 1 

Morgan . J. Levy 
South Dade Soil and Water Conservation District 

Homestead, FL 33033 

Donald A. &a&, Ph.D. 
University of Florida, IFAS, Soil and Water Science Department 

Gainseville, FL 326 1 1 

INTRODUCTION 

Composting is an athactive waste management tool, since 30% to 60% of the waste materials can be composted 
into an environmentally safe matter (Smith, 1994a). In Florida, municipal solid waste (MSW), yard trimmings (YT) 
and biosolids arc high-volume wastes that could be recycled into compost instcad of landfilled or incinerated 
(Goidstein, 1997). Smith (1994b) reported that the largest portion of solid waste is MSW (12million tons) followed 
by YT (3 million tons and animal manure (0.5 million tons) in Florida. Using compost in agriculture reduces the 
need to expand landfills or build incinerators. Additionally, amending Florida’s sandy soils with compost may 
reduce the frequency and rate of inigatioi and inorganic fertilizer applications (Ozorts-Hampton, 1993). New 
technology and development of processed solid waste materials have made high quality products available to the 
agricultural community @van and Lance, 1991). From the Urban viewpoint, colllpost -on represents a safe 
disposal method for thousands of tons of waste materials produced each year (ozoreS-Hunpton, et al., 1998). Based 
on these facts, the need to recycle food wastes produced in south Florida mto clean composts evolved. 

An investment of two years work and $328,000 of Dade County taxpayers money produced an effective and 
successful Clean Organic Waste (C.O.W.) compost pilot project. This success was attainable by the contribution, 
cooperation, assistance and guidance of consultants, engineers, researchen, ad” tors, regulators, techcians, 
managers, scientists and commissioners in Florida mainly in Miami-Dade County. South Dadc Soil and Water 
Conservation District (SDSWCD) was iustnunental in obtaining the funds to support this project and preparing and 
submitting quarterly reports to the county. A final report was published on C.O.W. compost in 1997 (Levy et al., 
1997). 

In this manuscript construction of C.O.W. facility; compost production, compost evaluation, marketing of 
C.O.W. compost, benefits of the C.O.W. project, problems encountered, conclusions and recommendations will be 
discussed. 

CONSTRUCTION OF C.O.W. SITE 

The Metro Dade County Department of Solid Waste Management (DCDSWM) provided funding for the project. 
The 0.8 ha C.O.W. facility was designed by Stone and Webster Enginming Corp., Miami, Florida and was 
consuucted by C.A. Associate, Inc., Miami, Florida. It began in February 1995 and was turned over to SDSWCD 
five months later. The facility was permitted to process 3,000 tons of C.O.W. compost per year at University of 
Florida Tropical Research and Education Center (UF-TREC), Homestcad, Florida. 

and 4) a storage area. The compost production at each segment is discussed in detail in the compost production 
section. 

The 4 segments of the facility were: 1) a mixing pad, 2) four asphalt compost pads, 3) an elevated leachate pond 
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COMPOST PRODUCTION 

Tbe facility included a mixing pad of 61m x 12.5m for commercial and institutional food residuals and shredded 
mulch from nurseries and yard wastes (Figs. 1 and 2). A conveyor belt and a hammer mill to shred large wood 
pieces were located on the mixing pad (Figure 3). A bnt-end loader pushed approximately lpart food scraps and 1 
to 2 parts mulch into a pile. A tractor drawn Scat Model 482B windrow tumer mixed food wastes with yard mulch. 
It also aided in aerating and turning the piles on the mixing pad (Fig. 4). Periodic turning of the piles and addition 
of emymes through a spray applicatm attached above the elevator conveyer wcrc &ne with the windrow turner 
(Fig. 4). These enzymes wen necessary to eliminate anaerobic fumcntation, odor problem and accelerate the 
composting process. The took 2-4 weeks before piles wen m a ~ e d  to OIIC of the four asphalt composting 
pads. Compost pads were designed for 30m long, 5 m wide and 2m high windrows (Fig. 1). Two pads received 
mechanical t u ” g  of the piles for aeration and tbe other two pads received forced air aeration for static windrows 
through PVC pipes (Figs. 1 and 5). A layer, 0.5 m thick, of wood chips was placed over aeration PVC pipes as a 
bed for the compost. This facilitated aeration of the static aerated winrlrows. piles wcre watered with sprinkler 
system set between the piles. At this stage, fnsuency of trpning the piles (about twice a week) depended on piles’ 
moisture and oxygen contents, and temperature. Periodically, temperabrre and moisture samples were t a k a  from 
windrows at 45 and 90 cm deep. Piles remained in turned windrows for 4-5 weeks before they were ready to be 
moved to the storage area. Static aerated windrows required over 12 weeks to ma- the compost. An elevated 
aerated leachate pond of 322,000 liters capacity was built next to the 4 compost pads to collect runoff during heavy 
rainfall (Fig. 1 and 6). Piles were screened then moved to a storage area (Fig. 1). The puxpose of thls step was to 
screen out the small rocks, large wood chips and other e x m e o w  material from compost piles. Samples for quality 
inspection and analyses were taken from windrows during the composting process. 

Figure 1. Schematic diagram of clean Organic Waste CompoSting Site Plan. 

Storage Area xachate 
Storage 

Pads 

Mixing and Storage Pad I 
1 I 
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Figure 2. An aerial view of C. 0. W. compost site at UF-TREC, Homestead, Florida. 

Figure 3. Hammermill, Conveyer and Mixing Pad. 

Figure 4. Scat windrow tumer with enzyme spray boom above the conveyer. 
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"A PRELIMINARY REPORT ON A GEORGIA CITY'S INNOVATIVE COMPOSTING 
PROJECT COOPERATION BETWEEN THE CITY OF DOUGLAS AND THE UNIVERSITY 
OF GEORGIA, COLLEGE OF AGRICULTURE." 

Danny Lewis; K. C. Das; Rick Reed; Glen Harris; L. Mark Risse; 
Randy Roberts; Larry Royal; Jackie Wilson; Jerry Lott 
(Complete addresses at back of paper) 

INTRODUCTION 

Cities across Georgia and this nation are challenged and 
sometimes even mandated, to operate more efficiently and 
effectively. Likewise we are all forced to serve a more populated 
community whether in an urban setting or in rural America. 

About four ( 4 )  years ago, we started to dream about how to 
reduce our city contributions to the Coffee County operated 
landfill. It wasn't just a cost savings approach, it was a common 
segse approach to our landfill's future - and yes, to 0~1: future. 

The dream began with a yard trimmings grinding project, then 
a distribution of the ground yard trimmings to residents, then to 
the development of ouli compost and finally to distribution or 
completed compost to our customers. 

We were interested in developing a project that would work in 
rural America and not just a mega project that could only be 
afforded by our urban counterparts. 

OUR BACKGROUND 

We are a rural community in extreme south Georgia. Douglas is 
the county seat of Coffee County Georgia. Our city population is 
estimated at approximately 14,000 presently and our county overall 
population is just under 35,000. 

We are situated between Valdosta and Waycross, Georgia and 
about 70 miles north of the Florida line. 

Our community generates 35 tons of yard trimmings every day. 
This is an extremely large amount of trimmings for our size 
community, comparatively speaking. As in every community, we 
looked at all of our community's available waste products, as we 
began the project. 

AVAILABILITY 

-. Although we don't refer to everything officially as waste, at 
one time or another it is considered as waste in most communities. 

- In Douglas we looked at nine (9) different waste elements. Our 
. _  maior waste products for consideration, however, were: 

3' 
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Yard Trimmings - including pine straw, leaves, grass 
clippings, azalea trimmings, limbs, sticks, trees, and other such 
trimmings from yards. 

Cotton Gin Trash - As cotton has returned as IIking" in rural 
south Georgia, also has cotton gin trash been generated as a by 
product. Douglas has two (2) modern cotton gins operating within 
its city limits. Cotton trash is, at best, used as a low grade 
roughage for cattle. 

Tobacco Trash - Douglas has been known for years as tobacco 
capitol of Georgia. Along with this, significant quantities of 
tobacco trash are generated by the market warehouses. 

Municipal Sludge - We installed a dewatering system at the 
Douglas Water Pollution Control Plant in 1997. We are generating 
between 6-11 dry tons of sludge on a daily basis. This dried 
sludge requires proper disposal. Although the cost at our landfill 
is only $12.00 per ton, to have and dispose of sludge the cost is 
near $35.00 per ton. 

Poultry Litter - Douglas is the second largest poultry 
producer in Georgia. Although the poultry houses are not in the 
city, there is a large amount of poultry litter produced daily in 
our county. At the present time, farmers are able to spread the 
poultry litter on farmland and there is no excess litter available. 
This could change in future years as state agriculture and 
environmental rules might dictate, and therefore would be a great 
asset to add poultry litter to our composting operation. 

THE RESEARCH AGREEMENT CONTRACT WITH UGA 

We average 35 tons per day. 

The City of Douglas contracted with the University of Georgia, 
College of Agriculture, on the 15th day of April 1997 to develop 
this conceptual plan. The contract agreement was for $28,544. 

This project was under the supervision of: 

Dr. E. Dale Threadgill 
Department of Biological & 
Agricultural Engineering 

University of Georgia 
Athens, GA 30602 
Phone (706) 542-1653 
Fax (706) 542-8806 
email tgill@bae.uga.edu 

For negotiations contact: (UGA) 
_ _  Paula Tolbert (706) 542-5939 

AGREEMENT CONTENTS 

* Project Title: "Pilot Scale Evaluation and Demonstration 
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of Composting Biosolids, Yard Wastes and Cotton Gin 
Trash" 

* Project Duration: 9 months 

* Overall Objective: To develop a work plan based on 
laboratory investigations of the waste streams and to 
perform a field sized pilot demonstration of the 
composting of mixed waste streams. 

* Our Planned Objective: To look at all available waste 
products in the Douglas-Coffee County area and determine 
through laboratory tests, on-ground tests and windrowing, 
the best compost mix. 

IN THE BEGINNING 

As we began the project, I feel that no one on the "team1t had 
any preconceived idea as to what our mixture nor end product would 
resemble. This was important for the project to be a success. 

Samples of all types of available waste material from our 
waste-stream were furnished to the University of Georgia. Dr. K . C .  
DAS and his Athens team developed the best "recipef1 for the 
compost. Larger amounbs or samples were also delivered to the 
University of Georgia Experiment Station at Tifton, Georgia - 
(Contact Dr. Glen Harris). 

EARTH WATCH KICKS IT OFF 

This 8adream" began over five (5 )  years earlier. The City of 
Douglas hosted an "Earth Watch" program in the local gymnasium. 
This program gave citizens and students an opportunity to view 
mulching, composting and generally to leave with ideas about saving 
t h e  earth. This program was important as it gave our citizens a 
true hands-on approach to how they could get involved. 

The University of Georgia Extension Service and City of 
Douglas followed this with visual and training assistance on how to 
s t a r t  back yard composting projects. Printed brochures were also 
provided by the Extension offices. 

DEMONSTRATION SITES DEVELOPED 

City and Extension officials developed city operated 
demonstration sites adjacent to the Community Services Department 
and Satilla Regional Library. School led groups and private 
citizens took advantage of the location to learn more about 
composting. 

Both local newspapers assisted by writing articles of back 
. yard composting. But - even with all this effort, very few ReoDle 
were known to have developed any backyard compost sites. The type 
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of development was minimally successful. 

MULCHING 

The city was generating 35 tons of yard trimmings per day on 
At that time, it was all being hauled to the Coffee the average. 

County landfill for disposal. 

The city considered and even accepted bids to purchase a 12 
foot tub grinder. This would allow the city to grind its own yard 
trimmings. The Board of Commissioners and City Manager of the City 
felt it would be more cost efficient to contract the services on an 
annual basis. Thus a considerable savings was realized due to this 
arrangement. 

Annually the city currently contracts with Greencycle of 
Smyrna, Georgia, to grind its yard trimmings. (Contact Charlie 
Slade 770-435-9490). 

As the process of grinding evolved, the general public began 
requesting the ground trimmings for weed control and general 
mulching of flower beds. The city began loading trucks and 
trailers on Saturday mornings at no charse. The city also agreed 
to deliver mulch to city residents at no charse. About 50% of all 
grindings were being given away. (Note: Other cities will not load 
for citizens and others indicated they will load for free and 
deliver within the city limits for $40.00 per load, as example). 

At about the same time, the State of Georgia began restricting 
yard trimmings from the landfills in Georgia. Even though, the 
city had already eliminated its yard trimmings for approximately 
two ( 2 )  years before the mandate. 

Mulching proved to be effective. It was not a free program to 
the city - but we made it a free program to our constituents. It 
was a highly favorable program to our citizens. The elected 
officials, likewise, received high marks from constituents. 

But it wasn't 100% effective, remember we were only 
distributing 5 0 %  of our grindings. Therefore, a surplus was being 
realized. 

DEWATERING PROGRAM BEGINS 

The City Commission gave authority to the City Manager to 
contract with Jordan, Jones & Goulding to develop a dewatering 
plant at the Water Pollution Control Plant (WPCP). Sawcross Inc. 
was contracted to install a dewatering system. The contract was 
completed in January 1998 for a cost of $1,500,000.00. 

COMPOSTING PROGRAM BEGINS 

Now the fun began, as we contracted with UGA officials to 
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develop the composting for this pioneer program. 

I 

' :  

i 

I -  

Samples were furnished to Athens and Tifton offices and the 
project was ready to begin. 

EQUIPMENT 

The following equipment is needed to operate the 
(This could vary in other mulching/composting project in Douglas. 

communities based on needs or size of your project): 

**  1 Tub Grinder - 12 foot 
**  1 Rubber Tire Loader 

$ 48,000. per year for contract of services 
**  Contract Equipment not owned by City 

EXPENSES - CITY EQUIPMENT: 
* 1 Aeromaster Windrow Compost Turner 
* 1 Rubber Tire Loader - Cat Model 914G 
* 2 Side Discharge Trailers #SClOOO-1 
* 1 Top Dresser/Small Spreader #F12D 
* 1 John Deere Tractor 6400JD 85-+ HP 
* 1 1 1/2 Ton Dump Truck 

Equipment Purchases 

Total Expenses 
UGA Technical Assistance 

* Actual Purchases by City 

FUNDING 

GEFA Grant $ 200,000. 
City Funds 68,078. 

Total Revenues $ 268,078. 

FACILITY 

$ 28,250. 
$ 74,000. 
$ 59,286. 
$ 6,657. 
$ 37,968. 
$ 33,373. 
$239,534. 
28,544. 

$268 , 078. 

The city already owned a 4.5 acre site which was a portion of 
the site already EPD permitted for our Water Pollution Control 
Plant (WPCP) . It had been used for two ( 2 )  years previously at the 
city - operated mulch site. 

Actually, after the project started it was determined to 
expand the site to its present size. It is important to have 
expansion capability on any site selected. 

Also water is important to a compost operation. Our site has 
a 16 acre pond on the southern boundary and has city water on site. 
It might be necessary to add water or even water with inoculates or 
ehemicals during the process. Our suggestion is to use pond water 
in lieu of city (chlorinated) water. 

It is important to catch any drainage from the site and return 
to the WPCP for retreatment. We are doing it through a 4 "  sewer 
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line and a small retention pit. The drainage from the property 
ends in the pit and is transported to the head end of the WPCP for 
retreatment. 

THE PROCESS 

Use the qreenest possible mulch available. (Do not believe 
that the older the mulch the quicker the process will work - won't 
happen). We use 2/3 green material and 1/3 brown (dewatered 
sludge). 

The mulch is ground and stored for no more than a period of 
three ( 3 )  months during which time its moisture content is about 
16%. The moisture content of the sludge is about 8 4 % .  The mix of 
2/3 to 1/3 provides an initial moisture about 50% and a C/N ratio 
of 70. These parameters have been the best for successful 
composting under rapid heating conditions. 

Our windrows are approximately 200 yards long and about 6 feet 
wide at the ground level and about 3 feet wide at the top. We 
usually have 9 to 11 windrows. 

We put down about 2 1/2 feet of green material then 1 1/2 feet 
of dewatered (to about 18-20%) brown material and then top with 
about 2 feet of additional green material. 

Now the windrows are developed, we began our turning process 
It is of upmost importance that 
(not just a turtle gear, but a 

If it's turned too quickly, it will defeat 

with our compost windrow turner. 
your tractor have a creeper qear. 
special creeper gear!). 
the process. 

Typically the windrow is well mixed on the first day and 
allowed to sit for three ( 3 )  to five (5) days. Depending on 
environmental conditions (such as rainfall) the temperature exceeds 
131 F within two ( 2 )  to four ( 4 )  days. Once the temperature had 
reached this point we turned the windrow once every three (3) days 
for about three (3) weeks. At the end of the 21 days, regulatory 
requirements relating to pathogens are completed and turning 
further is based on temperature of the windrow. 

THE PRODUCT 

When composting is completed, the product will be usable as a 
soil amendment, overspread as fertilizer on pasture land and hay 
fields, turf builder in borrow pits, mulch around plants, plant 
material mixture for nurseries and floral growers, top dressing for 
croplands like cotton, corn and soybeans, etc. 

We are presently considering bagging and selling the product 
to individuals and lawn/garden shops. This process could be by 
city crews or thru private contractors. 

_ _  

Our parks department and grounds maintenance departments are 
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considering what are the best uses for the finished product. The 
small spreader/top dresser will be used by the parks department for 
application. 

THE DISTRIBUTION PLAN 

The local Extension Office is working to determine the best 
The City really doesn't want to be way to distribute the product. 

involved with the distribution "beyond the gate". 

(Contact): Rick Reed or Randy Roberts 
709 East Ward Street 
Douglas, GA 31533 
Phone (912) 384-1402 - FAX (912) 389-4007 

The Extension Service is also conducting field trials and land 
application test to help us evaluate and market the product. This 
should aid us in determining the agronomic value and establishing 
agriculture markets. 

We probably will still load for private individuals. The 
f'armer will probably contract to have it spread on his property or 
spread it using his own vehicle or equipment. 

The primary mode of dispersement will most likely be: 
1) By bag if private contractor bags and sells. 
2 )  By private vehicle. 
3 )  By spreader truck. 
4 )  In bulk truck. 

THE COST 

It is the city's intention to distribute it at NO COST in 1998 
(the initial year). We then will make a determination as to the 
future costs, if any. 

SUMMARY 

It is a great idea, that took much planning and minimal cost 
compared to the annual rewards to the city and its constituents. 

There are many more ffDouglastlf in the world than metro 
Atlantas. If it works for Douglas, why not in all communities. 

It would not have been possible without the cooperation of the 
University of Georgia and City of Douglas Mayor and Board of 
Commissioners. It has truly been a team effort. 
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Generation of various wastes continue to grow nationwide. America may lead the world in waste generation per 
capita, as with municipal solid waste (MSW) generation in the U.S. had increased from 250 tons in 1989 to 307 tons 
in 1994 and to 340 tons in 1997(GIenn, 1998). These problems with recycling and if necessary disposing are not unique. 

Management of municipal wastes, both liquid and solid, continues to be major concerns for governments throughout 
the U.S. Conventional waste disposal methods have serious environmental problems and are becoming too expensive. 
For example, in 1994, landfill disposal costs ranged from $36 in Florida to $75 in Minnesota to $125 in long Island, N. 
Y. (Christopher & Asher, 1994). In respohse, many states, counties, and local governments in the U.S. passcd legislation 
to reduce the quantities of materials entering landfills and/or implemented alternative methods of waste disposal. This 
resulted in a positive impact. For example, in 1985. about 83% of MSW was land filled compared with 72% in 1994 
(Carra and Cossu, 1990, Christopher & Asher. 1994). The number of landfills reduced from 8,000 in 1988 to 2514 in 
1997 (Glenn. 1998). It is projected that the number of landfills will decrease to 1,200 by the year 2010 (Christopher & 
Asher, 1994). 

Mandatory regulations for a diversion of waste streams from landfills, increasing cost of landfill disposal and public 
support for resource conservation is causing many communities throughout the U.S. to plan and/or operate composting 
facilities by the public and private sectors. Composting of organic wastes is increasingly advocated as an 
environmentally benign. affordable recycling method. As a result, the number of composting facilities has drastically 
increased during the last decade and the trend is continuing. 

I 

STRATEGY FOR COMPOST MARKET DEVELOPMENT 
IN FLORIDA 

Aziz Shiralipour 
Center for Biomass Programs 

University of Florida 
Gainesville, FL 

Wayne H. Smith 
Center for Biomass Programs 

University of Florida 
Gainesville, FL 

INTRODUCTION 

In 1992. thirty seven states planned to enact. or had already enacted, legislative bans on land filling yard " m i n g s  
in the U.S. Thirty five states had solid waste diversion mandates with deadlines 1991 to 2010 (Glenn, 1992). As a result 
of legislation banning yard trimmings from landfills, there has been a dramatic proliferation of yard trimming composting 
facilities throughout the U.S. The number of yard trimming facilities increased from 900 in 1990 to 2,200 facilities in 
1992 and to 3.484 facilities by 1997 (Glenn. 1998). This trend is expected to continue in future years. 

The number of biosolids operating plants in the U.S. increased from 61 in 1983 (Richard, 1991) to 261 in 1997 
(Goldstein and Block. 1997). while the number of MSW composting facilities increased from one in 1983 to 7 in 1989 
(Goldstein and Riggle. 1989) and to 14 in 1997 (Glenn, 1997). 

Florida is a leader in composting organics with 12 permitted composting facilities in nine counties as of February 
1997 (Florida DEP, 1997). This number of composting facilities does not include the exempted composting facilities 
(Le., yard trimming composting facilities exempted per FDEP policy, small facilities and normal farming operations). 
-If the exempted facilities are included, the total number would exceed 45 facilities (FDEP, 1996; FDEP, 1997). The 
number of biosolids composting facilities that include yard trimmings in their operation is 1 1  (Goldstein and Block, 
1997). while MSW composting facilities are two (Glenn, 1997). Some of these composting facilities are among the 
largest commercial facilities in the U.S. For example, the Enviro-Comp facility in Jacksonville is one of the largest yard 
trimming composting facilities. Palm Beach Solid Waste Authority operates one of the largest and most successful co- 
composting facilities (biosolids +yard trimmings), and Sumter County composting facility, with the longest continuous 
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operating experience in MSW composting known to us. 

In 1996, about 23 million tons of MSW were collected in Florida (FDEP, 1997). If an organic fraction of this waste 
stream is biologically decomposed, it is estimated about 5.5 million tons of composts could be generated. This estimate 
raises a number of questions that need to be addressed: 

1. Will the market capacity in Florida be sufficient to utilize the compost produced? 
2. What is the present market capacity fro the composted products? 
3. How to build markets for composted products? 

Battlelle’s study (Slivka et al., 1992) on the practical potential applications for compost in Florida found that as much 
as 42 million tons of compost could be used annually within a 50-mile radius of urban centers with populations more than 
100,000. Agriculture alone could use more than 20 million tons each year. The distance constraint was added because 
of the perceived limit on the economic viability of shipping further. 

If the total production of compost is estimated to be approximately 5.5 million tons a year, this study shows that the 
potential use for composted products in Florida is more than 7.5 times the production of composts each year. Therefore, 
what we have is a market development challenge, not a lack of a market. 

Since the growth of composting in the U.S. is not dnven by demand for compost products in marketplace, 
communities developing composting facilities will have to devote a great deal of attention to compost market 
de;elopment . Product quality, safety of compost and benefits for users must be demonstrated once the facility is 
operating. 

For any type of compost to be marketable, regardless of origin. it must pass the minimum product standards for 
protection of public health, safety. and the environment. And, the quality of compost should meet the market 
specifications and requirements for end-user(s). Passing the minimum product standards and having a high quality does 
not always secure a market for a compost product. Although this is a big step, effective market development strategies 
are required to secure markets. 

The long-term feasibility of composting depends largely upon building a market for the compost by demonstrating 
the safe use and establishing the values associated with the benefits of compost application. Definitive information needs 
to be generated about the safety and potential benefits of compost utilization. Once the information is generated. 
effective methods should be employed to disseminate the findings to end-users. Effective methods of information 
dissemination for developing ongoing worlung relationship with end-users include. but is not limited to: media outreach 
to grower and trade associations, the Farm Bureau. and local newspapers; workshops, and field days to demonstration 
findings and newsletters to regional audiences. A comprehensive compost market development program conducted by 
a group of researchers, and Extension educators at the University of Florida is an example of this strategy. This 
program. managed by the Center for Biomass Program received support from the Florida Department of Environmental 
Protection through the Center for Solid and Hazardous Waste. It consisted of 6 projects--two projects to address 
compost safety. three projects for the demonstration of compost benefits, and one project for the establishment of 
management and outreach programs. 

A. DEMONSTRATION OF COMPOST SAFETY 

To remove barriers to compost acceptance. two projects were designed to: 1 ) demonstrate the biological and chemical 
remediation of pesticides during composting and 2) evaluate compost maturityktability measures important to N and 
toxic metal availability and accumulation in crop parts. Composts from various facilities in Florida were used for 
pesticides assays. 

i: DEMONSTRATION OF THE BIOLOGICAL AND CHEMICAL REMEDIATION OF PESTICIDES 
DURING COMPOSTING - The objective of this project was to evaluate the remediation of several commonly used 
pesticides applied to yard foliage and other organics composted in Florida. Commercial compost was evaluated for 
pesticides. These sites included two municipal solid waste sites, one cow manure site, one mushroom site, and two yard 
trimmings sites. A Quality Assurance (QA), Quality Control (QC) testing protocol was established for pesticide (endrin, 
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lindane, methoxychlor, toxaphene) and herbicide (2,4-D, silvex) detection in compost. Samples tested have confirmed 
the hypothesis that pesticides are not present in maturdstable composts. This is either from not being present to begin 
with or from remediation of the chemicals through the composting operation. To date, no herbicides or toxaphene was 
found in the samples tested this far. Thus, based on the sites sample so far, commercial composts are free of harmful 
pesticide levels. 

Air-tide composters were designed to study the bioremediation when composts are "spiked" with known quantities 
of a pesticide. Radio-labeled atrizine was the model herbicide chosen. This project is being continued to also include 
analysis of heavy metals not previously assayed (E.I. arsenic. e&.) 

2. COMPOST MATURI'IY/STABILITY MEASURES IMPORTANT TO NITROGEN AND TOXIC METAL 
AVAILABILITY AND ACCUMULATION IN CROP PARTS - Feedstocks and composts at different grades of 
maturity, from three compost facilities. Palm Beach County Solid Waste Authority, Enviro-Comp in Jacksonville, and 
Bedminister Bioconversion Corporation (Sevierville County, TN) were studied. Several methodologies were utilized 
to measure the maturity/stability of the compost products. These methods include total C/N ratio, water-extractable 
organic C and N and also its ratio, optical density of the water-extract, and a short-term (3 days), easy and low cost 
respiratory study based on CO, evolution. The most reliable and clear indicator for compost maturity/stability was 
determined to be the respiratory procedure. 

Although the total nutrient and heavy metals quantity varied in different composts, in all cases the levels were far 
lower than the limits established by the Department of Environmental Protection (DEP) regulations. Water-extractable 
metals were also low verifying that the bioavailability of metals from these materials do not pose serious risks. 

B. DEMONSTRATION OF COMPOST BENEFITS . 
A set of projects was designed to demonstrate the benefits of compost applications to: 
1) sandy soils used for vegetable crop production, 
3) compost applied to landscape beds to enhance establishment of woody ornamentals, and 
3) turfgrass soils to determine effect on nitrogen release and on leaching of nutrients and organic compounds. 

Several compost types materials were utilized in these projects. These included yard trimming compost obtained from 
Enviro-Comp (Jacksonville, FL), biosolids composted with yard trimmings from Palm Beach Solid Waste Authority 
( Palm Beach. FL), municipal solid waste (MSW) composted with biosolids from Bedminster Bioconversion. and MSW 
compost from Sumter County. FL. 

1. BENEFITS OF COMPOST APPLICATIONS TO SANDY SOILS USED FOR VEGETABLE PRODUCTION - 
This project was initiated to build upon the base knowledge obtained in 1992 and 1993. Compost was applied to 

tomatoes planted in rotation with bell peppers. The experimental design was a 4 x 4 x 2 factorial in a randomized 
complete block. split-plot design with four replications. The main plot factor was cropping system, either fall tomatoes 
followed by spring watermelons, or fall belt pepper followed by spring watermelons. The subplot factor was application 
schedule. either a full rate applied once at the beginning of experiment to last 2 years. or a half rate applied twice, at the 
beginning of each year. The subplot factor was compost source, either none. Bedminster, Enviro-Comp, or Palm Beach 
Solid Waste Authority compost (SWA). The Bedminster and Enviro-Comp 2-year application rate was 40 dry tons per 
real estate acre (80 tons per treated acre). The SWA compost application rate was 13.3 dry tons pcr real estate acre (26.6 
tons per treated acre). The soil series at the field site was pome110 fine sand, which contained about 1% organic matter. 

Compost application resulted in yield increase and improved fruit quality of bell pepper and tomato plants. Extra- 
large tomato yield was significantly greater where Enviro-Comp compost was applied compared to unamended soil. 
Marketable yield in 25-lb cartons per acre was 1158 for Enviro-Comp in comparison to 939 for the unamended soil. The 
unamended treatment produced the largest yield of medium tomatoes (410 cartons in comparison to 325,370. and 337 
cartons for Bedminster. Palm Beach County. and Enviro-Comp. respectively), had the highest percentage of fruit with 
"Yellow shoulder" (28% in comparison to 9 4 .  164. and 7% for Bedminster, Palm Beach County, and Enviro-Comp, 
respectively), and produced the firmest tomatoes. 

'Fancy' bell pepper yield was greatest in the Bedminster compost treatment compared to the other treatments. The 
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Envio-Comp treatment produced the firmest peppers, and the unamended treatment produced the softest. There was no 
difference between treatments in terms of fruit color or post-harvest variables measured. Yield was significantly greater 
where Palm Beach compost was applied to watermelon compared to unamended soil. The yield difference was attributed 
to larger individual fruit weight rather than more melons harvested per acre. Watermelon grown with PBC compost was 
also “sweeter” compared to fruits grown in the other treatments as measured by the brix of a fruit extract. 

2. COMPOST APPLIED TO LANDSCAPE BEDS TO ENHANCE ESTABLISHMENT OF WOODY 
ORNAMENTALS - The objectives of this project was to determine if composts incorporated in landscape soils hastens 
establishment of container grown woody shrubs and the causes for the improvement in root growth and other measures. 

Two types of compost were evaluated. One was a yard waste and biosolid co-compost produced and marketed by 
West Palm Beach Solid Waste (WPB). The other was a municipal solid waste compost (MSW) produced and marketed 
by Bedminister Bioconversion. 

The experiment was designed as a split plot, with two irrigation frequencies as the main plot and 4 levels of compost 
and the control soil constituting the subplot. Irrigation frequencies w e  initially set at 0.5 inch daily (figh) or 0.75 inch 
on altemate days (Low). After 5 weeks, irrigation frequency was reduced to alternate days (High) and every third day 
(Low). Four months after transplanting, frequencies were reduced to twice or once weekly, for High and Low, 
respectively; and the application rate was increased to 0.75 inches per event for the High frequency. Soil treatments 
consisted of 1 and 3 inches of MSW compost, 2 and 4 inches of WPB compost, and an unamended control (0 inches). 

Incorporation of compost in landscape beds prior to transplanting generally increased both root and shoot growth 
compared to transplanting into unamended soils. Bulk densities decreased with compost amendments as the 2-inch WPB 
and 3-inch MSW compost treatments increased air porosity. Changes in the soil physical properties did not adequately 
explain differences in root or shoot growth measured in the faster growing species. Irrigation frequency had no effect 
on leaf areas for any species nor shoot dry mass for all species except ligustrum. For the faster-growing species of 
virburnum and ligustrum, imgation frequency had a significant impact of overall canopy size, with greater growth 
occurring at the higher frequency. Overall, the largest canopy growth occurred in soils amended with 4 inches of WPB 
compost under high irrigation. For the larger growing species, incorporation of 2 inches of WPB compost produced the 
best hedge. 

Analysis of data suggests that canopy effects are opposite to those measured in the roots. Plants grown in highest 
levels of compost appear to have larger canopies, smaller roots and higher levels of tissue nitrogen. High nitrogen levels 
in the tissue my explain what appears to be lower root:shoot ratios. All compost amendments appear to have completely 
substituted for fertilization requirements. 

3. EFFECT OF COMPOST IN TURFGRASS SOILS ON NITROGEN RELEASE AND ON LEACHING OF 
NUTRIENTS- The objectives of this projects were to determine the rate of nitrogen mineralization in three composts 
(yard trimmings, biosoliddyard trimmings. MSW) and identify laboratory indices related to the mineralization. 

Field, greenhouse, and laboratory studies were conducted to evaluate N release from three compost sources. Three 
compost sources were used: Enviro-Comp, Palm Beach Solid Waste Authority, and Bedminster Bioconversion. In the 
field, the composts were incorporated into a sandy soil and sodded with St. Augustinegrass. At periodic intervals. the 
St. Augustinegrass turf was rated visually, and clipping samples were collected and analyzed for N to gauge N 
mineralization from the compost. The same compost sources were used in a companion study in the greenhouse that 
utilized N uptake by Bermudagrass as a measure of N mineralization from the compost. In the laboratory. a study was 
conducted to evaluate the effect of temperature on N mineralization of the three composts used in the field and 
greenhouse studies. Columns of compost-soil mixes were leached monthly by 0.01M CaCI,. and the leachates were 

‘analyzed for N. CaClz extracts from the compost-topsoil mixes in the temperature chambers, and those of topsoil alone. 
were analyzed for volatile and semi-volatile organic compounds. On several dates, surface tension was determined in 
the CaCI, leachates. 

The Palm Beach source containing the biosolids had the highest content of N, and the Enviro-Comp compost 
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comprised of just yard debris had both the lowest content of N and the highest C/N ratio of the sources used in the 
studies. In the field study, visual appearance ratings and clipping weights of grass generally were highest for the Palm 
Beach source, followed rather closely by the Bedrmnster source. Enviro-Comp source produced poorer results. These 
data are consistent with the N content data. The greenhouse data are generally consistent with the field data in terms of 
clipping weights, except that results from the Enviro-Comp source are relatively closer to the other two sources. No 
volatile or semi-volatile organics were found in the CaCl, extracts from the compost-topsoil mixes. However, surface 
tension was found to be lower, though inconsistently so, in leachates from certain soil-compost mixes, as compared to 
unamended soil, indicating the presence of materials with surfactant properties. 

C. PROGRAM MANAGEMENT AND OUTREACH TO ENHANCE COMPOST MARKETING 

The objective of this project was to develop effective rcpotting. interactive communications among all participants 
in compost research and demonstration programs to end-users and expand outrcach to enhance marketing among compost 
producers, distributors, users and regulators. 

All project sites were visited and discussions were held with the researchers to gain a thorough understanding of their 
experiments and the results being obtained. Photographs and reports on the field and laboratory experiments were 
compiled for use in outreach materials. An informational video and fact sheet on the projects were produced and 
distributed among the compost users, producers and regulators. The 10.5-minute video entitled, "Composted Organic 
Wastes Show Their Market Potential" was produced featuring the sites where compost was being produced and the 
research sites which were part of this project. Other related activities included arranging field days for various compost 
projects. The results of the projects have been and will be published in appropriate journals. These materials are being 
used to inform about and promote the use of compost materials, thus enhancing their markets. 

The research projects presented here are addressing several important compost parameters and utilization 
opportunities. These projects revealed that application of a compost pose no serious threats and if mature. compost is 
safe and can result in benefits to plant production. 

There are several other ongoing research projects by the UF scientists at various locations in Florida. These are 
designed to further establish markets for composted products by demonstrating the benefits and showing the safe use of 
composts when used in various utilization schemes. 
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INTRODUCTION 

The viability of composting as a practical alternative for disposal of the large quantities of organic wastes 
generated by municipalities, industry and agricultural procesSing depends, to a large degree, on adequate local 
markets for fished compost. In m y  areas, the use of composts as soil ameadments in nearby agridtural fields 
offqs a large potential mark&. The benefits of adding stabilized organic xnattez on water dynamics and other 
physical and chemical soil properties is weU established. oftas however, these bmefits do not result in sufficient 
improvement in crop performance to offset the costs of producing, shipping and applying composts. When composts 
also supply a portion or all of the soil nutrients required by crops, thek value as a soil amendment is greatly enhanced 
by reducing naed for industrially produced fertilizers to produce high-yielding crops. 

During composting, microorganisms utiIize N, P and other essential nUtrients containad in the organic wmes to 
mineralize readiiy available carbon substrates. As these substrates arc depleted, the ratios of organic C to the various 
crop nutrients tends to decrease. The C:N ratio has been used extensively to indicate compost maturation. As a 
general rule, when the C:N ratio is less than 30: 1, the supply of N is considered suf€icient to meet microbial demand 
and the compost can be added to soils without possibility of inducing immobilation of plant nutrients. While 
application of mature composts minimizes the risks of immobilization of plant nutrients present in soils, it does not 
ensure that the nutrients contained in composts will be released to meet the demands of a growing crop. The capacity 
of finished composts to recycle ejsential plant nutrients in or@c wastes and to supply them to crops varies greatly 
among composts derived fiom various feedstocks. Composts derived from  carbo^^^^^ wastes, such as municipal 
solid waste and wood wastes, appear to have a limited capacity to supply N, P and other numents. In contrast, 
composts derived fiom nutrient-rich materials such as municipal biosolids and animal wastes, can supply substantial 
amounts of nutrients when used as soil amendments. 

The capacity of composting to recycle plant numents in organic wastes is reduced when substantial quantities of 
nutrients are IOU during the composting process Gaseous emissions of ammonia and dimethyldisulfide during the 
alkaline phase of composting commonly exceed odor thresholds @unsots 1993). These emissions also represent 
potentially signhicant losses of N and S Most studies of nutrient losses during composing have focused on losses 
via leachate and runof€. For example, StilweU and Sawhney (193) reported that leachate from MSW compost 
contained 2.5 mg Cu/L, 32 mg ZdL, 1 mg P U  and 0. I 1 mg Cdn. While total losses are difficult to calculate b m  
such data, evidence for elevated concentrations of nutrients and regulated metals in leachate serves to underscore a 
potential concern for compost facility mamgers. Cumulative leachate losses over a large number of composting 
cycles may result in potentially hazardous levels in pads and the sediments and discharge from collection basins. 
Nicnaber and Ferguson (1 992) reported that the soil underlying a feedlot manure composting facility contained 
gitrate levels exceeding the drinking water standard of 10 m@cg to a depth of 6 m and in excess of 75 m a g .  In 
addition, they reported P levels in excess of 400 mglkg and K near 3000 mg/kg in the surface 0.15 m 

The potential for nutrient loss during composting may be disguised by the apparent increases in concentration of 
N and other nutrients that fiequently occur as organic C is oxidized and released as C02. These increases in nutrient 
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concentrations, however, may not be sufficient to fully account for the loss of mass that occurs during the process. 
When the loss of total mass during decomposition is known, the expected final concentration of a nutrient can be 
calculated. For example, if half of the mass of an initial feedstock was lost during composting, a doubling in nutrient 
concentration would indicate no nutrient loss. Similarly, if the nutrient concentdon in the finished compost was 
S i a r  to that of the initial feedstock, we can assume that half the amount of nutrient initdy present was lost. 
Unfortunately, obtaining reliable estimates of nutrient losses during windrow or otha large-scale composting is 
hindered by the difficulty in obtaining reliable direct measuremeat of total mass lost. Fluctuations in pile geometry 
and bulk density, espcdly during the initial stages of compostin& contribute to large errors in such " e m s .  
Comparing changes in nutrient co"tions to that of an element that is conserved during the composting process 
offers an alternative approach for estimating the extent of nutrient loss. Haug (1993) proposed tbe us0 of ash as an 
internal standard for monitorhg changes in organic C to determine compost biodegndability. 

The principal objectives of the work reported here was to (1) assess the suitability of Using ash content or 
concentrations of other elements as an internal standard for estimating nutrient losses during composting and (2) to 
use the most promising internal standard to calculate the losses of organic C, N, P and K during compostkg of nine 
windrows comprised of M g m t  feedstocks. 

MATERIALS AND METHODS 

Windrow Composition and Maintenance 

Windrow composting of selected feedstock materials was pexformed at the LSU Organic Recycling Center 
located in Baton Rouge, LA. Eight windrows were constructed using each of the following feedstocks: hardwood 
bark (Bark), ground rice hulls (Hulls). cotton gin trash (CGT), horse barn beddmg (HBcd), bull barn bedding @Bed), 
spoiled silage (Silage), bagasse, and filtr&cs mud (FPM). Bagasse and filterpras mud are wastes generated during 
sugarcane milling. Bagasse is comprised of crushed stalks remahhg after sugar ampdion and f3tupms mud is 
comprised of h l y  ground chne residues and mineral soil. An additional windrow was comued using a 1 : 1 ratio 
by volume of fihcrpress mud and bagasse (FP&Bag). Thc bagasse used in this windrow showed signs of 
substantially greater decomposition than that used in the windrow containing only bagasse. Bagasse and hardwood 
bark were ground prior to Windrow construction using a TOR0 Progrh@ I OOO Tub Grinder (Bloomington, MN) to 
a 5 5-cm maximum size. 

Windrows were constructed of approximately 20 m in length, 2 m in kght, and 2 m h basal Width. hemal 
wndrow temperatures were monitored but not used to determine when to turn the piles. The windrows were turned 
weekly (7 d intervals) using a tractor drawn Wildcat" Tuming Machine ( W W t  Mawrfrrcnrrin g Co., Freeman, SD). 
Although little d-heating was evident in windrows after 90 d, turning of windrows at 7 d imcrvals was continued to 
ensure thorough mixing prior to sample collection. To control odors and pests, the windrow consisting of spoikd 
silage was turned two additional times during the initial 21 d of composting. Moisture kvds of windrows were 
initially adjusted to approximately 60% (total weight basis) and maintained at that levd by addition of water prior to 
turning of windrows 

Sampling of Windrows 

Windrows were sampled upon construction and after each tuning t h e "  over a 141 day period. Each windrow 
was divided into three 1 -m sections (one located at half the length of the windrow and the other two located 2-3 m 
from each end) to serve as replicate sampling sites. At each sampling. composite samples of approximately 5 L were 
collected 6om three horizontal levels at each of the sample sites at an approximate depth of 114 the Width of tbe pile. 
The subsamples were well mixed by tumbling and - I  kg representative sample was obtained for laboratoj anaIysis. 

Sample Preparation 

Moisture content and pH were determined on fresh samples immediately after collection. The remaining samples 
. were dried at 35°C for 48 h in a forced-air drying oven. Dried samples were then ground in a Thomas-Wdeyo 

Model 4 Cutting Mill to pass a 1-mm screen. Samples were thoroughly mixed and a 5 g subsample collected for 
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elemental analysis was then ground in a Tecator CyclotechQ Model 1093 Sample Mill (Fisher Scientiiic, Rt thqh ,  
PA) to pass a 100-mesh sieve. Ground samples were re-dried (65°C; 12 h) and stored in air-tight containers until 
USe. 

Compost Analyses 

Moisture was determined gravimetrically on fhsh samples using a Cenco Modd 26680 moisaUe balance (CSC 
Scientific Company, Inc., Fairfex VA). The pH values werc obtrined on fie& samples with a flat surface electrode 
and an ComingQ model 250 Ion AnaIyzer. Total organic C and N coMxntrations were detamiaed using a Herms  
CHN-O-RapidQ Analyzer (UIC, Jolict, IL) which anploys modi6cations of the pregl-hrmas dry combllstio n 
technique. Ammonium and nitrate Concentrations (mg kg") wcrc determined in 1:10 dilutions of a 1 N KCl extract 
of each ground sample wing 813 automated NH, diffusion technique initially described by Carlson (1978). 

Total elemental analysis was preformed Using a modified method as described by Banas (1968). A 0.10 g 
sample of ground, ovekdry material was treated with 2-mL nitric acid and 3-mL hydrofluoric acid in 50 mL Teflon" 
inserts for stainless steel bombs. The assembled bombs weft heated to 140°C for 8 h. Afta cooling, the bombs 
were opened and 1.4 g of crystalline boric acid were added and mixed wdlwiththe insert conte~s to complex any 
remaining hydrofluoric acid . The contents were then Quantitatively transfarcd to 50 mL volumetric flasks and 
brought to volume with deionized water. After capping and shaking by hating the flasks 4 times, a 1 1 mL sample 
was decanted into a 12 mL plastic culture tube. The samples were then analyzed for elemental content on a Perkin 
Elm? Optima" model 3000 Inductively Coupled Plasma Ion Spectrometa (Nonvalk, CT). 

Ashing of samples was accomplished by 6rst determining the weight of 25-mL ashing thimbles dried 105 "C and 
cooled in a desiccator. Ground samples were then placed in the thimbles which wen then dried and oooled as above, 
then weighed for dry-weight determination.' The thimbles and samples were then sshed in a mufile fiunace at 550°C 
for 2 h, allowed to cool to near 100 "C, then cooled to mom temperature in a desiccator. The ash weight was 
calculated and expressed as g ashlg dry weight of sample. 

Internal Standard Evaluation and Selection 

Correlations betweem various elemental concentrations and those of organic C and the standard deviations and 
coeficients of variation were calculated using Statistica (Statsoft, Inc., Tulsa OK ). Only tbe averages of the sums of 
nutrient and elemental concanrations for feedstocks and finished composts are presented here due to the m&e 
amount of data. 

Calculating Losses of PIant Nutrients and Elements 

Nutrient and metal losses were Calculated based on an internal standard were calculated using the following 
equation: 

% L = { 1 - [(JW")/(Si/Sf)]} x 100 
,where 

%L = P e r m a g e  of nutrient or element lost from compost 
Nf = elemmtal concentration in finished compost 
Ni = Nutrient or elanent concentration in initial feedstock 
Si = Concentration of internal standard in initial feedstock 
Sf = Concentration of internal standard in 6nished compost 

RESULTS AND DISCUSSION 
-. 
To initially id- possible chemical properties suitable for use as an internal stnndard, the elemental compositions 

of samples collected fiom the nine windrows at weekly intervals were correlated with organic C concentrations. 
Because much of the mass loss during composting is known to result &om the "tI on of organic C to CO,, an 
element that was conserved during composting would be expected to display a strong inverse correlation with organic 

. .  
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C. Conversely, a weak correlation with organic C would be expected of elements that were readily lost. Ash 
displayed the strongest inverse relationship ( M . 9 3 ) .  Si and AI, constitUents of soil minerals, were also strongly 
correlated as were several trace metals. The precision by which a soil property can be measured is an important 
consideration in selecting a suitable imanal standard because the m r  (IssociBted with this measurement compounds 
with that of measUriag individual nutrients when calculating nutrient loss. Table 1 shows the average standard 
deviations and coefficients of variations (CV) within replicate samples collect fiom the nine windrows at various 
times. Because ofthe wide raage in auan vahres for the properties tested, the CV is a mort usefiil in indicating the 
contribution of the error assoCiated with an i n t d  standard. Ash displayed a significantly lower CV (2.6%) than the 
other elements tested. Because of its ability to reflect change in organic C c o " ~  'on and the low error associated 
with its measure, ash content appean to be the most Suitable property for use as an internal standard for monitoring 
losses of nutrients during composting. 

Table 1. Average mean, and average staobrd deviation and coefficient of Variation within three 

concentrations during composthg. 
replicate samples of chemical properties displayias the StrOageJt inverse CoKelalions to organic c 

~~ ~~ ~ 

Correlation 
property M a  Std Dev cv to ofg. c 

-- mi343 - % ? 
Al 11212 1420 16.3 -0.83 
Ash 39490 0.91 2.6 -0.93 
Be 1.8 0.23 20.1 -0.74 
Fe 8532 974 15.2 -0.77 
Na 2568 177 12.7 -0.83 
Si 1 15740 7646 8.1 -0.89 
Ti 1064 80.8 11.4 -0.85 
V 24.8 2.6 23.6 -0.81 
Zn 113 15.5 17.6 -0.58 

To determine losses of various plam nUtrimts and metals during windrow compoSting, the elemental composition of 
finished composts were compared to the corresponding initial concentrations in samples obtained immediately after 
construction and initial nuning of windrows. Using ash content as an internal prrr\Aard the expected concentratian of 
nutrients and trace metals in finished compost was calculated. The avenge values obuined fhm the nine windrows 
are shown in Table 2. On average, finished compost comajned 51.3% less organic C than the feedstock 60m which it 
was derived. Concentrations of N, P and K, the principal rwtfients suppried in f kdkrs ,  wae greater in final 
compost than in 
for total loss of mass. Losses of N, P and K averaged 26.6%. 30.7?? and 30.1%. rcspectivdy. Appreciable losses of 
the cations Ca (34.2%) and Mg (40.2%) were observed. Losses of Na, however, averaged only 1 1.4%. Sulfur 
losses averaged only 1 1.9%. With the exception of silage, windrows remained aerobic dunng the composting cycle, 
and the distinctive odor of reduced orgmosulfur compounds was not detected. No losses of Fe were detected. 

feedstocks, but these increases were less than expected when ash content was used to adjust 

Average losses of regulated metals, presumably in leachate and mff, varied &y among metals and within 
windrows (Table 3). Losses of As w e  negligible in most windrows, whereas an average of more than 50% of the 
Co, Cu and Ni initially detected in feedstocks wtct not in finished compost. W h w s  comprised of 
bagasse and hardwood bark displayed the greatest losses of mctals. Although the initial and final concentrations of all _ _  metals were within the ceiling limits established for land application of biosolids under EPA Part 503 Rule, the 
magnitude of these losses suggests vigilance on the part of managers of u n c o v d  facilities where repeated compost 
cycles may significantly enrich the regulated metals collcemrations in porous pads and the underlying soil. It is 
noteworthy that the mors assoCiated with replicate analyses of most regulated metals were large, especially in the 

. initial samples collected fiom newly constructed windrows where it is dficult to obtain an adequately represemative 
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sample from the heterogeneous compost matrix. I)lrectly measUring the concentrations of regulated metals in soils, 
basin sediments and discharge waters would likely prove a more reliable technique for monitoring accumulation of 
potentially hazardous regulated metals. 

Table 2. Average "l, final and expected final conccntrbons (ssh bask), and percent losses of 
principal plant nutrients in nine windrows composted for 141d. 

Element 
Initial 
conc. 

C 
N 
P 
K 
Ca 

Na 
* M n  

Mg 

320200 
9526 
3681 
8945 
15434 
3523 
1949 
467 

mslks 
242600 

I I376 
3970 
9736 
15808 
3279 
2690 
533 

498490 
15444 
5730 
13925 
24028 
5485 
3034 
726 

YO 
51.3 
26.3 
30.7 
30.1 
34.2 
40.2 
11.4 
26.6 

Table 3. Average initial, final, and expected fhal concentrations (ash basis), and percent losses of 
regulated mads  in nine windrows composted for 14 1 d. 

Initial Final Expected Loss 
Element conc. conc . conc. (ash basis 

-- mg/kg % 

As 64.2 88.4 87.1 -I .5 
Cd 6.0 6.4 9.4 31.1 
c o  15.2 10.4 23.2 55.0 
Cr 84.7 72.9 121.4 39.9 
cu 38.3 28.3 59.7 52.5 
Ni 104.5 53.9 162.7 66.9 
Pb 71.5 90.7 111.3 18.6 
Zn 106.4 120.5 165.6 27.2 

The total mass lost during windrow compostmg ranged fiom 5.4% in the windrow comprised of a mkt&e of 
filterpress mud and aged bagasse to 76 5% in the windrow comprised of spoiled silage (data not shown). The average 
mass lost in the nine windrows was 37.3% Losses of total mass were inversely correlated with initial ash content (I 
= 0 60) and strongly correlated to losses of organic C (I= 0.83). as expected. Composting the mixture of filterpress 
mud and aged bagasse resulted in a loss of 22.5% of the organic C initially prescnt (Fig. 1). The corresponding 
reduction in organic C in compost derived from spoiled silage was 88.2??. Spoiled horse barn bedding lost 
substantially less organic C (35.1%) than did spoiled bedding fiom a bull barn (75.7%). The bedding from the horse 
barn contained approximately 2 % times the amount of soil as the bedding from the bull barn, and was more 
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decomposed prior to use for windrow 
construction These findings illustrate 
the fact that mineral contamhation and 
the state of decomposition are 
important considerations when 
estimating biodegradabii of organic 
Wastes. 

N losses during composhg  ranged 
from negligible to more than 63% of 
the total N initially present in 
feedstocks. (Fig. 2). Although N losses 
from Silage and CGT exceeded 56%. 
finished composts of these feedstoclrs 
contained appreciable amounts of 
mineral N after 141 d. Losses ofN 
were much less in windrows 
constructed of partially decomposed 
organic material. This finding is 
consistent with the observation that a 
sllbstantial portion of the N lost during 
composting occwred witbin tbe initial 28 
d, though N losses were detected 
throughout the composting process. 
Stepwise regression to iden* cumpost ‘ 
properties correlated with N loss 
indicated that initial ash content was the 
most reliable indicator. Rice hulis were 
an exception, possibly because they 
contain significant amounts of silica but 
offer little cation exchange capacity to 
retain ammonium. An additional 
experiment (not reported) to compare N 
losses from windrows comprised of 
rotted cutton gin to those comprised of 
2: 1 mixture of rotted gin trash and silt 
loam soil showed confirmed that the 
presence soil was highly efftctive in 
reducing N losses. In that study, N losses 
from rotted gin trash averaged 
approximately 7% whereas no losses of N 
were detected in the windrow constructed 
of a mixture of gin trash and soil. 

100.0 1 

-.- 
BBbed Bag FPM FP&B COT HBed BerL Hulk 

Figure 1. Percentage of C lost after windrow composting 
various feedstocks for 14 1 

70.0 I 
63.9 

-10.0 
BBbed B~Q FPM FP&B CGT HBed Bat Hulls sihgc 

Figure 2. Percentage of N lost after windrow composting various 
feedstocks 

Losses of P ranged from 9% to more than 70% of the P initially contained in feedstocks (Fig. 3). Such losses 
represent a substantial loss of this nonrenewable essential plant nutrient. As with N, the greatest losses of P occurred 
in windrows that contained low amounts of mineral matter. While the m e d ”  of loss was not studied, leaching of 
organically bound P or of orthophosphate may have been responsible for the losses observed. Regression-analyscs 
indicated no relationship between the magnitude of P losses and the amount initially present in feedstocks. -- 

Losses of K during composing also varied greatly among windrows constructed of different feedstocks (Fig. 4). 
As with N and P, the greatest losses occurred in windrows of Silage, Bark and CGT, feedstocks that contained large 
amounts of readily degraded organic substrate and low amounts of mineral matter. The smallest losses occurred in 
windrows where organic matter contained appreciable amounts of clay and other soil contaminants. 
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These findings indicate that windrow wmposting of some feedstocks does not provide efljcient recycling of plant 
nutrients contained in these feedstocks and nutrient losses reduce the fertilizer value of hished composts. 
Composting of partially decomposed organic matter gemdly resulted in a d e r  propoftion of nutrients lost than 
did cornposting of fiesh mat&. It is 

decomposed feedstocks lost SigniScant 

to windrow constmction. The presence 

possible, however, that partially 100.0 

mounts of their essential nutrients prior 

of soil contaminants appears to reduce 
losses of the nutrients in feedstocks. 
Additional research is nceded to 
determine if addition of mature composts 
or soil during windrow construction can 
effectively reduce losses of nutrients and 

processing. 

CONCLUSIONS 

80.0 

8 - 60.0 f 
.g 
e 
0 40.0 

regulated metals during windrow 1 
20.0 

0.0 
The use of an internal standard to BBbd B.g FPM FP&B CCiT HBed Ehk Hulls Silage 

calplate nutrient losses dunng 
composting of various feedstocks provided 
satisiictorv results.  he principal limitation of 

Figure 3. Percentage of P lost after windrow composting various 
feedstocks 

this approach lies in ditsdulty 6 obtaining 
representative initial samples, especially &m 
compost piles constructed of Merent 
feedstocks that tend to naturally segregate. 
High variability was a more severe limitation 
when estimating losses of metals that occur 
in low concentrations than when estimating 
losses of macronutrients. Ash content was 
found to be the most suitable internal 
standard because of its strong rdationship 
with organic C loss and low sampling and 
analytical errors. Losses of N and other 
important crop nutrients varied greatly 
during composting of differart feedstocks. 

80.0 

70.0 

h 60.0 
E 2 50.0 
w 
Y 

c 40.0 
Y 
% 30.0 
a 

- 
* 
3 20.0 

R e i o n  kdy& suggested that greater 
losses of plant nutrients occurred when 
comwstinn readilv demadable feedstocks 0.0 

38.4 

1 

79.3 

Y 2 "  

that contained low amounts of mineral BBbed Bag FPM FP&B CGT HBcd Bmlr Hulk Sihge 

matter than when composting partially 
decomposed feadstocks containing appreciable 
amounts of soil. Some feedstocks lost substantial 

Figure 4. Percentage of K loss after windrow composting 
for 141 d. 

proportions of their regulated metals in addition 
to nutrients, suggesting the possibfity that 
enrichment by potentially hazardous contaminants 
may develop with time at uncovered compost 
facilities in the humid south. 
-- 
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INTRODUCTION 

Hall County is located in Northeast Georgia and encompasses 392 square miles and a population of 
approximately 113,000. Gainesville, the county seat, is situated 52 miles northeast of Atlanta. The County is home 
to Lake Sidney Lanier, a 38.000-acre lake built by the U.S. Army Corps of Engineers. The 607-mile shoreline 
provides recreational activities for over 16 million visitors annually and is of vital economic importance to the area. 
Lake Lanier served as the canoeisprint kayak site for the 1996 Summer Olympics. 

Agribusiness has always been the cornerstone of Hall County’s economy. With Hall County leading the way, 
Georgia has been one of the top poultry producing states in the nation since 1957. Other leading products are corn, 
sorghum, soybeans, wheat, rye, oats, pulpwood, dairy and beef cattle, granite and limestone. As of August 1993, 
there were 871 farmers located in Hall County with a total of 10,200 harvested acres. Hall County’s industrial base 
includes poultry processing and equipment, commercial printing, window and door components, soft drink bottlers, 
paint. furniture. textiles, and automotive components. 

, 

There are several large sources of waxed cormgated cardboard (WCC) in the waste stream. Locally, these 
include (in order of importance) the poultry industry, grocery stores and restaurants. It is a problem material for 
waste management. Technically, it can be recycled. However, due to increased energy requirements, higher 
processing costs and availability of cheaper and more suitable feedstocks, it cannot be recycled practically. It may 
also make a suitable feedstock for energy recovery. A search of the literature suggested it may also be composted. 

WCC is high in carbon and can absorb moisture once shredded and mixed with other materials. An existing 
waste stream from the poultry industry is the poultry manures and litter which can form an excellent nitrogen 
amendment. The combination of these two waste streams that have mutually compatible characteristics can be 
effectively used in composting to produce a quality end product. 

Not much is known of the feasibility of this concept and the ability to perform composting in large scale. The 
evaluation of the feasibility of composting as a tool to treat these wastes and its demonstration in full scale is the 
tocus of this project. 

PROJECT OVERVIEW 

To plan this project. a work group consisting of a subcommittee of the Hall County Comprehensive Solid Waste 
Management Plan Implementation Committee, representatives from Georgia Mountains Regional Development 
Center. Chestatee-Chattahoochee Resource Conservation & Development, Georgia Poultry Federation, allied 
poultry industries, UGA and grocers. was assembled. The work group began meeting in 1995 and met throughout 
the project planning and implementation phases to provide input into project design and project oversight. 
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As identified by Hall County's Comprehensive Solid Waste Management Plan, seven percent of the waste stream 
was estimated to be waxed corrugated, representing the largest single waste stream component yet to be subject to 
reduction activities. This amounts to an estimated 7,000 tons annually in Hall County alone. Currently, there is no 
option other than disposal for this material. 

The subcommittee met first to explore options for dealing with WCC. Recycling did not seem feasible. The only 
time WCC might be in demand as a feedstock by paper mills would be in times of high prices and shortages of 
corrugated cardboard. Since these conditions could not be relied upon, recycling was dropped from further 
consideration. The energy recovery option was also considered, but due to the distance from our area to facilities 
equipped to utilize this type of material, freight charges proved prohibitive. Use of ground, WCC was explored for 
possible use as layer bedding or cellulose product. The high friction caused by the material in the processing 
equipment nearly caused a fire. Source reduction was also considered but was felt to be too difficult to implement 
due to the many, varied sources of the material and the health and sanitation aspects of reusable containers. 

Composting was chosen as an option warranting hrther exploration because: 

1.  
2. 
3. 
4.. Poultry manure is available in abundance as a nitrogen source; and 
5 .  

It can be a low tech approach that can be done locally; 
Markets for the finished product may be developed locally; 
Organics contamination is not problematic; 

It may solve two problems at once-- beneficial utilization of waxed corrugated cardboard and poultry litter 
(manure). 

The goal of the pilot project was to q a s s  40 tons of WCC in advance of composting. Various poultry ptocessing 
firms were contacted to obtain the material. There was at first some delay in g b g  the material From processors. 
As with any new program, adjustments were needed in the way the material was being handled at the point of 
generation. After this inertia was overcome, sufficient material was quickly gathered. Tractor-trailers were used by 
generators to haul the material to the Hall County Recycling Center in Gainesville. Boxes were flattened and placed 
on pallets for ease in off loading using a forklift. After the material was unloaded, it was baled and stacked outside 
on a paved surface. 

The pilot project was comprised of two distinct parts- controlled laboratory and windrow composting. 

THE POULTRY INDUSTRY 

The project is of special importance to the area. The largest employer in the area is the poultry industry, which 
generates WCC from further processing operations. such as deboning. breading. etc. WCC is used internally as 
intermediate containers during processing and as shipping containers for finished product. They are useful due to 
their ability to maintain strength under high moisture conditions. 

A considerable percentage of waxed corrugated is expected to be contaminated. In poultry processing, the 
material may come in contact with poultry processing liquids. blood and poultry itself. Grocery stores may discard 
waxed corrugated boxes with vegetable matter from preparation for store presentation as well as outdated produce. 
This mixture could itself be compoaed. but will not be part of t h i s  pilot study, as this has been studied previously and 
results published in the literature. The pilot project investigated composting of WCC with both broiler litter and 
layer manure. As Table 1 shows, broiler litter tends to have lower moisture and lower nitrogen due to being mixed 
with wood shavings in poultry houses. Layer liner is higher in moisture and nitrogen. 

-- Poultry litter disposal or utilization through land application is expected to become increasingly difficult, given the 
rate of residential growth and reduction in open space. This can be dealt with by composting with sufficient carbon 
material. It is believed the demand for carbon containing material can be met by waxed corrugated cardboard. In 
this way. a disposal alternative for waxed corrugated will be provided. 
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Table 1. Properties of materials used in the composting trials. Values were either measured or estimated fiom the 
1 iterature. 

Material Moisture, YO Carbon, YO Nitrogen, YO Density, lbdyd’ 

Cardboard - shredded ’ 6.2 55.1 0.1 25 1 
Layer Manure - fresh2 64 8 6 I300 

Broiler Liner 26 18 3.5 750 
Layer Manure - old 64 6 2 

’Measured ash percentage was 091% (ASTM method for determination of volatiles and ash content of organics). 
The carbon content was measured and nitrogen content was taken from the literature values of cardboard materials. 
Typical lignin content of corrugated cardboard is known to be about 12. 9 % and the biodegradable fraction is 47 YO 
(Tchobanoglous et. a]., 1993). 

All data relating to the manure and litter was provided by Mr. 1. Sargent. 

CONTROLLED LABORATORY TESTING 

OBJECTIVES 

The objective of this project was to evaluate the compostabiltiy of old waxed corrugated cardboard from the 
poultry industry, using poultry manures and broiler litter as nitrogen amendments. Initial laboratory screening 
identified the mixes to use and characttrized the products of composting, as shown in Table 1. A full scale 
composting demonstration was to be performed based on the laboratory study and scale up factors and products 
were to be evaluated. 

MATERIALS AND METHODS 

The WCC was shredded using the tub grinder at the windrow site and mixed with two nitrogen sources-broiler 
litter and layer manure. Two levels of application of nitrogen amendments were evaluated, namely, a high rate and 
low rate. The effect of addition of a compost s m e r  mix was also evaluated. These tests were performed August 
28 to September 30. 1996. The use of poultry manure was found to be superior to the use of broiler litter as an 
amendment. Although poultry manure did not mix well in the test vessels, the available nitrogen was higher and 
aeration of the mixture was easier. It is possible to use high rates of poultry manure in the mixes and reach a stable 
product in 60 days. 

Composting was performed in 30 gallon steel drums insulated with 2 inches of Styrofoam. Insulation minimizes 
the conductive heat loss from the vessel thereby simulating behavior within a large compost pile. Temperature of 
the material in the vessel was monitored at three locations (6 inches from the surface, middle of the drum and 6 
inches from the bottom) using T-type thermocouples. The vessels were aerated using a temperature feedback 
control with an adjustable set point that was set at a temperature of 55°C. When the compost temperature exceeded 
the setpoint. the fans would operate at a high flow rate resulting in cooling of the materials. Airflow rates were set 
at a value of 1.84 cfm in all of the barrels. 

The composting test vessels were emptied at each mixing and sampling event (approximately once a week) and 
the material mixed in a large plastic drum. The material was rewet when necessary to raise the moisture content to 
approximately 50% (wb). Two representative samples were removed, one for moisture and volatile solids analysis 
and the second sample for stability/phytotoxicity analysis. Moisture was evaluated by drying in the oven at 105°C 
for 24 hours. The sample. after complete drying, was ground fine and ashed at 550°C for 6 hours to estimate the 
volatile solids and ash content. A portion of the ground sample was retained in storage for future chemical and 
nutrient analysis. The sample for stability/phytotoxicity testing was frozen and analysis was performed at the end of 
the experimental period. 

. 
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Table 2. Mixes used 

Treatment # Mix Percentage Amendment Moisture Adjustment 
Barrel # in mix (volume basis) 

1 20 gal Layer manure 

2 20 gal Broiler litter 

3 10 gal Layer manure 

4 10 gal Broiler litter 

5 20 gal Layer manure 

with compost starter 
6 20 gal Broiler litter 

with ComDOSt starter 

30 gal WCC 

30 gal WCC 

30 gal WCC 

30 gal WCC 

30 gal WCC 

30 gal WCC 

40% manure 

40% liner 

25% manure 

25% litter 

40% manure 
with starter 

40% litter 
with starter 

moisture added 

moisture added 

moisture added 

moisture added 

moisture + starter 

moisture + starter 

Respiration index is a reliable measure of the stability of the compost and is reported as the microbial respiration 
rate in mg(oxygen)/g(dry matter)/hr. Higher availability of nutrients result in higher respiration rates and therefore 
the material is considered unstable. The. quantitative respirometry procedure used in this project was d d b e d  by 
lannoti et al. (1993). In brief. the samples were allowed to reach room temperature, sample preparation was 
performed, and the samples were allowed to incubate at 37OC for 16 to 24 hours. Sample preparation included 
screening for tines (< 9.1 mm) and adjusting to a 50% moisture content. Aficr the standardization of the sample and 
I6 to 24 hours incubation, the microbial populations would have reached a high level of activity that is limited only 
by the substrate availability. A standard weight of 60 g (dry weight) of each incubated sample was now placed in a 
500 ml flask which was placed in a water bath at 37°C and aerated for a one hour period. Following aeration the 
flask was capped with a dissolved oxygen measuring probe. As there was no air gap between the probe and the 
neck of the flask, the probe measured the oxygen concentration within the flask which reduced with time due to 
microbial consumption of oxygen. The oxygen uptake rate was calculated based on the measured oxygen 
concentration profile for a one hour period. the volume of the flask and the weight of the sample. Generally a 
respiration index of < 0.15 mg(oxygen)/g(VS)/hr is considered as stable levels for most compost (Barberis and 
Nappi, 1995). 

The effectiveness of using a compost starter was evaluated (see Table 2). Comparison was made by using the 
compost starter mix as recommended on two treatments and comparing to two identical treatments without the 
starter. The compost starter used was the B.D. compost starter sold by the Pfeiffer Foundation. Inc. of Spring 
Valley NY. The starter came in the form of a powder and was mixed in 1 gallon of de-ionized distilled water at the 
recommended rate of 2 grams/lOO Ib. of compost. The mixture of compost starter with de-ionized water was kept in 
the laboratory at mom temperature overnight and applied to the compost the following morning while mixing the 
compost thoroughly. 

Interstitial oxygen concentration and quantitative odor evaluation were performed. A four feet stainless steel air 
sampling probe was inserted into the compost bed and rhe interstitial air was pumped into a field oxygen meter 
(Teledyne Brown Inc.) at a flow rate of 0.6 Ipm. The sample pump was allowed to run for two minutes in order to 
clear the sampling lines and stabilize the meter. Oxygen concentration measurements were recorded at the end of 
the two minute period. An odor monitor (Sensidyne Inc.) was used to measure the odor intensity of the exit gas 
from the headspace. A gas sampling probe was inserted into the top I inch of the compost and gas was pumped 
through the sample pump. In order to ensure the flushing of the gases within the compost matrix, the composting 
vessels were aerated for one minute prior to sampling and the highest odor level in a two minute interval was 



recorded. Typically the measured value reached a maximum and remained at the maximum reading for the whole 
two minute period. 

TEMPERATURE PROFILES AND RATE OF SELF HEATING 

Comparing the temperature profiles, the highest activity was found in T2 which sustained temperatures above 50 
"C for most of the 30 days. Treatment 6, which was identical to T2 but had the compost starter added, had lower 
temperatures throughout the composting cycle. In treatment 1, which was the manure treatment, the high rate of 
composting occurred for the first 15 days (until the end of the first turn), thereafter the temperature was below 40 "C 
for both the levels of layer application (T 1, T3 and T5). Both the litter treatments T3 and T4 were active for longer 
periods of time. 

It was noticed that the pressure drop across the compost was higher in the litter treatments compared with the 
manure treatments. At the start of composting, the manure treatments exhibited pressure drops in the range of 
0.08-0.25 inch(water)/fi(compost) and the litter treatments 0.12-0.64 inchlft. Towards the end of composting, the 
pressure drops had reduced to 0.01-0.07 inch/fi for manure mixes and 0.09-0.30 inch/ft for litter mixes. This 
indicates higher energy cost if forced aeration was used, and less airflow under natural ventilation conditions. 

VOLATILE SOLIDS LOSS DURING COMPOSTMG 

The samples removed at the start and at each mixing operation were dried and ashed to determine dry matter 
content and volatile solids content. Drying was done in an oven at 105 O C  for 24 hours and ashing of the dried 
samples was performed by placing the samples in a muffle furnace at 550°C for 6 to 6.5 hours. 
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Figure 1.  Degradation of volatile solids during composting. Legend indicates numbers 1-6 representing treatments 
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The measurements and changes of volatile solids during composting are shown in Figure 1. It was Seen that all of 
the treatments resulted in reductions ranging from 7 to 11% absolute. Although individual variations existed, 
broiler litter treatments showed marginally higher total degradation. This result indicates that although higher 
manure content resulted in more available nitrogen, total degradation was reduced as less cardboard was available. 
The physical nature of the manure also affected degradation by the clumping and non-homogeneous mix described 
earlier. A more thorough mixing procedure at the start and during composting may alleviate this problem. The 
degradation was comparable in all treatments. 

INTERSTITIAL OXYGEN CONCENTRATIONS 

Except for the first few days all of the treatments had sufficient oxygen during composting. In the fmt 57 days 
biological activity was high and oxygen concentrations below 5% were reached when the fan was not operating 
even for a small period of time. Treatment 2 was the most reactive based on oxygen demand. This may also be due 
to the lesser air void space in the bed, which also results in higher pressure drops. On days 6, 13 and 20 the oxygen 
levels were below 5%, which is considered the ceiling for anaerobic activity. Similar situations occurred in 
treatment 4 and 6 indicating the difficulty in oxygenating these piles due to the higher pressure drops, lower 
porosity and potential non-uniform airflows. Treatments 1, 3 and 5 stayed above anaerobic levels throughout the 
duration of composting. The low oxygen concentrations during the first few days indicate a necessity for agitation 
or steady aeration during this period. 

AMMONIA RELEASE AND ODOR ISSUES 

An odor monitor (Sensidyne Inc.) maQe it possible to obtain quantitative measurements of odor released based 
on a butanol concentration scale. These are shown in Figure 2. The odor intensity data was collected only from day 
13 to the end of composting. The odor levels were closely correlated with oxygen levels inside the barrel. The 
broiler litter treatment 2 and 6 were the high odor producers. As the materials reached the end of composting, a 
more earthy odor was perceived. 

EFFECT OF COMPOST STARTER ADDITION 

An evaluation of the use of a compost starter was performed by adding two treatments (T5 and T6) that were 
identical to T1 and T2 but with the addition of the compost starter. In TI and 2 an equivalent quantity of water with 
no compost starter was added to compensate for the addition of moisture. Based on an analysis of temperature 
profiles. volatile solids destruction and odor released, it can be concluded that the compost starter did not have any 
observable effect on the process. Treatments 1 ,2  were compared with 5 6  for these interpretations. The results of 
the tests were identical. Additional replicated studies will be necessary to completely rule out any other possibility. 

CARBON LOSS AND CM RATIO 

In all of the mixes the initial CM ratios were in the range of 18 to 26. Generally, higher levels up to 30 arc 
considered acceptable in composting. All of the treatments reached levels of 1 1 to I7 at the end of composting. This 
renders the compost more suitable for application to soils without resulting in a N depletion in soils when compost is 
applied. Hishest carbon loss was found in treatment T3 which reduced from an initial of about 39% to a fmal carbon 
concentration of 27%. The corresponding C M  ratio was found to be 1 1. This shows that the 25% manure amended 
treatment is possibly a better mix when carbon degradation (cardboard disposal) is the focus. 

54 



Figure 2. Surface odor concentrations in the test vessels during the composting of waxed corrugated cardboard. The 
-. six treatments are respectively on a volume basis 40% manure, 40% litter, 25% manure, 25% litter, 40% manure 

with compost starter, and 40% litter with compost starter. 
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Table 3. Plasma emission spectrograph results of final product from composting of mixes 
of waxed corrugated cardboard with poultry manure and litter. Refer to Table 2 for mix ratios. 

Species’.2 T1 T2 T3 T4 T5 T6 

Limits) 
(EPA - 

Metals 
As (4.1) 
Cd (39) 
Cr (1  200) 
Cu (1  500) 
Pb (300) 
Ni (420) 
Zn (2800) 

Macro 
nutrients 
N 
P 

Ca 

Na 
Se 
M O  

Micro 
n unien ts 
Fe 
Mn 
B 
CO 

K 

Mi3 

1.8-2.2 14.4-15.4 
0.1 9-0. I6 0.27-0.34 

1.9 2.5-2.6 
1.8 33-36 

0.7-1 .O 1.3 
2.5-2.7 2.0-2.1 
4.0-8.9 110-140 

2 1 800-23700 
6493-7730 

22205-25885 
5352-9704 
1160-1270 
6540-76 14 

3.64.0 
0.2-0.24 

18400- 19600 
10486-1 1085 
21073-233 19 
11285-1 1380 
1176-1 196 
5679-6205 

4.2-4.7 
0.43-0.53 

1.6-3.5 43.5-47.3 
2 1.3-43.1 226.9-234.4 
25.8-29.6 33.8-36.6 

1.7 
0.17-0.20 

1.7-1.8 
2.0-2.2 

1 .o 
2.0-2.4 
6.1-10.5 

23300-25500 
6464-6953 

19423-20204 
9495- 10424 
1134-1 143 
6 182-6462 

3.8-4.1 
0.14-0.20 

3.0-4.1 
32.0-44.6 
24.4-25.5 

10.4- 10.5 
0.3-0.35 
2.4-2.5 

15.5-16.2 
1.3-1.5 
1.6-1.7 

89.9-92.7 

2 1900-24800 
7808-8426 

18789-1 8898 
8824-8990 
1161-1 I88 
607 1-6089 

4.8-5.0 
0.38 

26.8-27.4 
209.8-2 18.4 
42.4 44.3 
0.22-0.24 

I .8 
0.06-0.18 

1.8 
1.5- 1.7 
0.7-1 .O 
3.3-3.4 
4.4-6.3 

24900-25400 
653 1-8609 

2501 1-25172 
60 1 8-9359 
1170-1219 
7242-7249 

3.8-3.9 
0.14417 

1.5-2.3 
27.4-37.4 
26.3-27.7 
0.1 3-0.14 

15.2- 15.9 
0.3-0.37 
2.6-2.7 

32.9-34.4 
1.3-1.4 
2.1-2.3 

103- 122.5 

23 100-26400 
11031-1 1955 
23 109-24096 
10574-1 1365 

6208-6260 
4.5-4.8 

0.5 I 

12 15-1232 

44.0-5 1.4 
236.7-241 .O 

38.6 
0.23-0.29 _ _  0.1 3-0.16 0.29-0.34 0.1 1-0.12 ~ . _  

‘All units are in ppm (by weight). 
’ Results indicate total species by dry weight fraction. This does not nerrssatily imply plant available, microbe 
available or leachable fractions. 

LABORATORY CONCLUSIONS 

The results of this project clearly indicate that manure is a superior amendment in the composting of old waxed 
cormgated cardboard. The final nutrient and metals concentrations are presented in Table 3. 

The following are some of the important reasons and some additional conclusions. 

1.  Manure amended mixes reached higher levels of stability at the end of the high rate composting. 

-2. Manure amended mixes were found to be mature. based on the 70% germination index, at the end of the curing 
phase. Curing of at least 30 days is required for these composts. 
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3. Manure amended mixes exhibited lower pressure drops at the same air flow rates. This suggests higher porosity 
and more aeration. This factor is also related to the fact that these mixes did not become anaerobic during 
composting and had relatively less odors generated. 

4. Manure treatments had a higher rate of degradation and showed less activity after the 14th day of high rate 
composting. This suggests that the materials can possibly be removed from high rate composting and transferred to 
curing at this time. 

5 .  Good mixing is absolutely essential with manure mixes. These mixes showed a very high tendency for clumping 
and this results in poor composting. Broiler litter amended mixes were more homogeneous; however, the higher 
packing factor resulted in lesser porosity and higher pressure drops in these mixes. 

6. Final nutrient concentrations indicated that the product had a NPK equivalent of a 2:1:2 fertilizer. The plant 
availability of these nutrients is not known and further plant growth tests are required. 

7. The broiler litter treatments had higher concentrations of metals leading to a product that had a relatively higher 
metal concentration. 

8. Boron was rather high in all of the products. A threshold of 50 ppm can become dangerous to certain plants. 
However, at less than 5Oppm, compost may be applied at normal application rates with low to no concern. 

9. The use of the compost starter showed no benefit to the composting process. Further evaluation has to be 
performed to rule out any other possibility. 

10. These experiments were performed with composting mixes in the moisture range of 50-55%. Higher moisture 
levels need to be used, and an evaluation of this is required in full scale testing. 

WINDROW COMPOSTING 

The windrow portion of the study was carried out by Sargent Nutrients, Inc., a long standing composting firm in 
north Georgia. The location chosen was the Lee Arrendale Correctional Institute in Habersham County. This 
seemed a natural choice since all the necessary equipment would be at this site due to the starrup of the Institute's 
own food waste composting program. The same contractor would be providing oversight on the Institute's project 
startup under the auspices of Chestatee-Chattahoochee Resource Conservation and Development. 

In advance of start up at the site, the baled WCC was loaded onto tractor-trailers for transport to the composting 
si le. Weights were recorded for each load leaving the recycling center. A total of 75,120 pounds was shipped, 
slightly below the goal of 40 tons. Of the 40 tons hauled to the site, approximately 30 tons were used in our project. 
The remainder was used in the Institute's program. Approximately 5 tons of broiler litter and 5 tons of hen manure 
were also hauled to the Lee Arrendale Correctional Institute composting site. The approximate ratio (by weight) of 
WCC to poulny litter was 3: 1 or 7590 WCC to 2 5 O / 0  litter, approximating that used in laboratory treatments 3 and 4. 

A DuraTech 8 Tub Grinder was used to preprocess the WCC. Problems occumd with the tub sensor for the first 
two days. resulting in lost time. It was felt the material would process better if the bales were cut apart and allowed 
to soak up moisture (rain). Through trial and error. it was discovered that the material processes much better when 
dry and even better when mixed with poultry litter. After shredding, the cardboard handled very well. Most 
pieces were in the two to three inch range. The DuraTech did a good job after fine tuning our methods. Other 
machinery might be better suited to the task on a daily basis, however. After grinding the WCC, a windrow of 
poultry litter and WCC was mixed to an approximate C:N ratio of 30 to I. Hen manure and waxed cardboard was 
also mixed together with the same ratio. 

-- 
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Table 4. WCC windrow composting monitoring 

Broiler Litter Broiler Litter Hen Manure Hen Manure 
Date Weather Moisture Odor 30 60' 90' 120' 

09/09/96 
0911 6/96 
091 19/96 
09/20/96 
09/23/96 
09/25/96 
09/27/96 
IOIO 1 I96 
IOl03l96 

SUNNY 
SUNNY 35% MILD 150" 144" 154" 146" 
SUNNY 88 " 3 5% MILD 134" 138" 140" 138" 
SUNNY 88" 3 5% MILD 138" 144" 146" 148" 
SUNNY 86 " 45% NIA 140" 150" 144" 140" 
SUNNY 86" 45% MUSTY 144" 146" 146" 142" 
RAIN 72" 
CLOUDY 62" 45% MUSTY 130" 136" 136" 136" 
SUNNY 76" 45% MUSTY 138" 134" 134" 140" 

The windrow was set September 7, 1997 into one row--broiler litter and cardboard at one end and hen manure 
and cardboard at the other. Upon formation of the windrow, it was decided the moisture level was too low and 
needed adjusted. Moisture was added using a tanker truck and fire hose. Approximately 2,400 gallons of water 
were added on this and subsequent occasions on September 24 and October 24. 

Temperature and tuming schedules were established. A Wildcat turner pulled by a farm tractor was used. 
Initially, tuming was done every 3 days. Temperature was monitored before each tuning. By the end of thc fast 
week, as shown in Table 4, temperatures reached 150 to 154 degrees Fahrenheit. For two days following each 
addition of water. increases in temperature were observed. 

After one month, the WCC was observed to form small ball-like masses the size of nickels. This appeared to be 
due to the mechanical action of tuming. These structures did not Seem to retard decomposition as at first feared. By 
the end of two months. these structures had disappeared, and it was difficult to distinguish any WCC in the compost 
mixture. By the end of the third month, a stable. dark brown compost was obtained. 

CONTAMINENTS IN WCC 

The Clean Washington Center (CWC) study done by E & A Environmental Consultants, Inc. in 1993 identified 
potential contaminants in WCC. Potential contaminants include trace metals (printing inks), boron (adhesives), and 
volatile and polycyclic aromatic hydrocarbons (petroleum waxes). 

Compost produced in our pilot project exhibited very low metals concentrations. In fact, metals concentrations 
from compost produced in our pilot were many orders of magnitude lower than those produced in the CWC study. 
For example. the CWC identified lead at I 1  mgkg in finished compost containing WCC while Hall County's msults 
were <O.lOmg/kg. as shown in Table 5. This is undoubtedly due to the fact that the WCC used in the CWC study 
was from grocery stores. WCC from grocery trade tend to be more heavily imprinted with labels, logos, etc. WCC 
from poultry industry sources are largely used internally and need not be imprinted. The boxes are basically ink 
free. 

Boron found in compost made from WCC originates from borax, which is added to starch glues for improving 
adhesion in the construction of corrugated cardboard boxes (WCC and OCC). Although boron is a plant micro- 
nutrient. exceedingly high levels can be phytotoxic at 100 pprn and can terminate the composting process completely 
at the range of 1000-2000 ppm (Davie). Boron concentration found in our composite sample from the field mal at 
20 ppm was remarkably similar to concentrations found in the CWC study where 10% by weight WCC was 
composted (ranged from 18 to 2 1 ppm). 
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Table 5 .  Windrow composite sample' test results 

Results As Received Dry Basis USEPA 503' Parameter 

Moisture 35.28 Yo 
7.64 

0.91 Yo Phosphorus 0.59 Yo 
Nitrogen 0.68 'Yo 1.05 % 
Potassium 0.65 % 
Carbon 10.50 'Yo 16.23 % 
C:N Ratio 15.4:1 
Copper 0.71 mgkg 1500 m a g  
Zinc 0.61 mgkg 2800 mgkg 

Chromium (total) 0.005 mgkg NfA 

Nickel 0.12 mgkg 420 mgkg 

Barium <O. 15 mg/kg NIA 
Boron (total) 20 mg/kg N/A 

PH 

Lead <O. 10 mgkg 300 mg/kg 

Cadmium 0.01 mgkg 39 mg/kg 

Arsenic 0.04 mgkg 41 mg/kg 

' A composite compost sample (broiler litterhen manure) was taken on 32/19/96. 
'40CFR503 federal regulations for utilization of biosolids (sewage sludge) compost 

The Clean Washington Center study also examined the material safety data sheets (MSDS) for several Citgo wax 
coatings used in WCC. These MSDS's indicate that the wax coatings are not toxic, Carcinogenic, anha l  
carcinogenic, mutagenic, or teratogenic. The WCC boxes are also approved by FDA for use in food packaging 
containers. 

PROJECT CONCLUSIONS 

Waxed cormgated cardboard is a very good source of carbon and may be composted with broiler litter or hen 
manure successfully. Good composing practices should apply with this material as well as any other of this type. 
From our tests, we do not see any problems that would limit the use of the compost. The finished material may be 
marketed in the horticultural as well as the agricultural area and used at normal application rates without problem. 

The project has the potential to eliminate a substantial amount of the solid waste stream. There is currently no 
practical disposal alternative for waxed cormgated cardboard. The project supports north Georgia's poultry industry, 
which is the region's largest employer and economic base. The project stands to offer a viable disposal alternative 
cheaper than the cost of landfill disposal. while producing a valuable. value-added product. While the major benefit 
may be derived by the poultry industr).. the economic importance of this business sector is of such importance to the 
region that benefits will cross boundaries. Landfill life will be extended to the benefit of everyone. The project will 
result in the reuse of a resource as well as offer improvement to our soils, which lack humus. 

We were fortunate to have a facility made available to us  by Lee Arrendale Correctional lnstitute and the help 
of the Chestatee-Chattahoochee RC&D Council, lnc. and feel that both should be recognized for theii efforts in 
this pro-iect. 
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DEVELOPMENT OF SWINE WASTEWATER DEWATERING/COMPOSTING 
FACILITY AND END PRODUCT USE 
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INTRODUCTION 

Swine production in North Carolina is second only to Iowa of hogs on farms (Graham, 1995) with 8.3 million 
head. Cash receipts from 1994 salts exceeded 980 million dollars representing 15.4 percent of total agricultural cash 
receipts. Using the underfloor flush-lagoon treatment system ofmanure management is reported to produce 950 gallons 
per year per pig capacity for growing-finishing operations. Disposal of such large volumes of wastewater containing 
0.5-3.0% solids from these production facilities in an environmentally safe and economically sound manner is a current 
concem. The current method ofhandlingthese wastewaters is by land application which has many limitations including 
risks of ground and surface water contamination by leachates and runoff from overflowing lagoons during inclement 
weather and excess rainfall. 

Existing and pending regulations for handling swine manures may require new handling systems and reduce 
agricultural acreage due to buffer zones by rivers and streams. 

Composting is a natural biological process which can be utilized for processing manures into a beneficial 
product but requires an integrated approach consisting of ( 1 )  enhancement of the solids content of wastewater, (2) 
composting using sawdust-woodchips as bulking materials and (3) development of guidelines for use ofthe final product 
for various crop production systems. 

OBJECTIVES 

The project is an endeavor to develop and demonstrate an integrated program for handling swine manures 
which assures compliance with all regulatory requirements, produces a beneficial product and develops potential uses 
for the product. 

The specific objectives were: 

I .  
7 .  
J .  

4. 

Evaluate systems for enhancement of the solids content of swine lagoon liquids. 
Develop an aerated bin (in-vessel) composting facility 
Characterize the chemical and physical properties of the compost. 
Establish beneficial use criteria for utilization of the compost. 

PROCEDURES 

Aerated comDost bins. The composting study was conducted at the Northpork Porcine Composter. Bowen 
Farms. Inc. in Belhaven, North Carolina. Existing 8' x 16' x 6 compost bins located at this facility were divided into 
8' x 8' and fitted with BioPlatesTM (Fiberstone Technical Affiliates lnc.) which are used for aeration ofthe bins (Cunniff 
and Edwards, 1996). Squirrel cage fans with 500 cfin capacity were installed as an air supply. 
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Solids separation. A Key DollarW Model 100 separator was supplied by the Key Dollar Co., Inc. of Milton- 
Freewater, Oregon. The separator was fitted with a screen having 1/16 inch openings. 

Following an initial trial with the 1/16 inch screen, a 1/32 inch screen was installed for further evaluation. 

Comuost feedstock blends. Three feedstock combinations used for composting evaluations were: 

1 .  
2. 
3. 

Manure solids from separator (straight) 
Manure solids + woodchips - equal parts by volume mixed ( 1 : 1) 
Manure solids woodchips - equal volumes layered approximately 3 inch depth. 

These blends were placed in bins to a depth of approximately 4 ft. Temperatures were monitored with a 
Campbell Scientific CR 10 data logger. 

Comoost analvses. Compost was analyzed for C, N, P, K, Ca, Mg, Mn, Zn, Cu, Pb, Ni, and Cr by the 
Analytical Services Laboratory-Department of Soil Science, North Carolina State University. C and N were analyzed 
using a Perkin Elmer Model 2400 CHN Elemental Analyzer (Perkin Elmer Corp., Norwalk, Connecticut). P, K, Ca, 
Mg, Mn, Zn, Cu, Ph, Ni, Cd, and Cr were determined by ICP using a Perkin Elmer Plasma 2000 emission spectrometer 
following a dry ashing in a muffle furnace at 500"with dissolution in HCI. 

. Greenhouse studies. Two plant species. Dwarfnandina cv. Fire Power and Dipladenia are being grown in the 
following 5 mixes a) compost only (SW), b) commercial media (CM), c) 75% SW + 25% CM, d) 50% SW + 50% CM, 
e) 25% SW + 75% CM. Fertility rates of 0,5 or IO Ib yd3 of 14-14-14 Osmacote was mixed with each mix, 4 replicates 
of Dipladenia, 5 replicates of Nandina. 

RESULTS AND DISCUSSION 
, 

Setmator results. An initial trial with the Key Dollar Model 100 separator using the 111 6 inch screen to which 
pit discharge waste containing 2.08% solids was pumped at 100 gpm resulted in removed solids of 20% solids. 
Replacement of the screen with 1/32 inch screen resulted in 74% solids removal from a pit discharge of 2.85% solids. 
The solids content of material from the 1/32 inch screen was 24.2%. The primary eMuent from the separator contained 
0.75% solids and the secondary emuent (aftcr the roller press) contained 1.24% solids. 

Commsting results. The temperature regimes for the three bins are shown in Figure 1. The bin containing no 
wood waste reached a maximum temperature of 130°F. slightly below PFPR requirements. and was maintained for 
about 1 week followed by ageneral decline until tumed mechanically after which temperature increased to 1 15°F before 
being terminated. This material with a high moisture content settled increasing density and limited aeration. Larger fan 
with higher static pressure capability may have overcome this problem and should be tested further. Composting of 
straight material would be desirable because of less labor requirement and increased efficiency ofthe bin capacity. Both 
bins containing wood waste as a bulking material achieved PFPR requirements. These bins required several loading 
days to fi l l  the bin and thus a drop in temperature at each loading. There was some evidence here of inadequate fan 
capacity which may have limited maximum temperatures achieved in other composting projects. 

Commst analyses. Chemical analyses and bulk density ofthe two wood amended composts were comparable 
and only the analyses of the 1 : 1 mixed feedstocks are shown in Table 1. This was the product used for the greenhouse 
studies. The pH of the samples ranged from 7.2 with wood swine solids layered to 7.8 with the straight swine waste. 
Bulk density ranged from 860-93 I Ibslyd' in the wood amended compost as compared to 1303 Ibs/yd3 where only swine 
waste was used. Soluble salts ranged from 128- 1 82 mhos x 10" in the three composts as compared to 220 mhos x 1 O 5  
in the uncomgosted raw waste. 
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Table 1. Characteristics of Swine Waste Compost fiom 1 : I mixed feedstock. 

Parameter 

C 

N 

P 

K 

Ca 

Mg 

S 

Fe 

YO 

48.6 

1.25 

0.76 

0.42 

0.96 

0.23 

0.39 

0.89 

Soluble Salts 

pH (2:l) 

Bulk Density 

Parameter 

B 

Mn 

Zn 

cu 
Ph 

Ni 

Cd 

Na 

c1 
128 mhos x IO-’ 

7.6 

931 Ibdyd’ 

mg kg-’ 

8.0 

343.2 

289.0 

92.3 

16.0 

4.6 

< I  

146.0 

289.3 

Cucumbers, a salt sensitive crop, were seeded in each of the composted materials and in uncomposted manure. 
Cucumber germination and growth were inhibited in the uncomposted manure but normal growth occurred in all ofthe 
compost products. 

Early growth of dipladenia shows a positive response to the compost at low fertilizer rates but high rates of 
compost resulted in a decrease in growth at 75 and IW/o compost. 

Growth response of nandina was similar to that with dipladenia but plants growing in high compost rates are 
exhibiting symptoms of iron deficiency which may be due partially to the relatively high salt content and the competitive 
effects of zinc and copper contained in the compost. Final growth quality analyses will be presented at the conference. 
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ABSTRACT 

Alternate technologies of compost manufacture from poultry litter (manure) weze studied as a means of 
producing a value added product for the landscape and nursery industry. Static pile and turned windrow 
technologies were investigated on a commercial scale with the composting of nearly 1,000 tons of material. The 
major difference between the technologies is the amount of energy and labor required. Static pile systems require 
less energy but more time than windrow turned systems. There was no process advantage found for passively 
aerated static piles over static piles but costs of passive aeration for pipes and labor was higher than for static piles. 
Machine turned windrows completed active temperature production within 100 days while portions of both the static 
and passively aerated piles continued to actively compost past 300 days. Process operational costs and compost 
quality were similar among the compost methods studied. Production operational cost is driven by the cost of 
compost ingredients and accounted for 60 to 70 percent of the cost in the pilot study. Ingredients were poultry litter, 
wood chips and sawdust. Screened compost was produced at an operational cost of $30 while unscreened compost 
could be produced for $20 per ton of compost. A production scheme where poultry litter is static pile composted 
on farms for later transport to regional processing centers appears feasible. This two part composting procedure will 
eliminate the transport of raw litter and improve poultry biosecurity. Most likely, a private compost business would 
provide the expertise, on-farm compost procedures and operate the regional facility. 

INTRODUCTION 

Estimates of poultry litter (manure) production on the Delmarva Peninsula indicate some areas of potential 
nutrient excess in conflict with Tributary Strategy goals of reduced nutrient input (Brodie and Lawrrence, 1996). 
Solutions to the problem of excess manure nutrients include the transport of treated manure to areas where it CM 

be assimilated as a soil amendment or fertilizer in an environmentally neutral manner. One opportunity is to develop 
compost products desired by the nursery industry. Nursery needs are continually increasing and represent a vast 
potential market for the movement of poultry litter away from the concentrated poultry rearing areas (Bissman and 
Wheeley, 1997). But can compost from poultry litter be produced in sufficient quantity and quality at low enough 
cost to satisfy the demands of this market? 

*- 

'Portions of this study were funded by the Maryland Department of Natural Resources 
under CBIG contract #14-96110CBG013 
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Can poultry litter be partially composted on-farm for later transport to a central facility for further processing? 
Several cooperative arrangements have been proposed between farmers and composters that can move compost 
products to market (Brodie, 1996). One proposal was the partial composting of litter on-farm with later transport 
to a central composting facility for finishing, blending and sale. This paper reports on a study at a large scale 
compost production site that compared static piles, passively aerated piles and mechanically turned windrows in an 
effort to establish an economic and compost quality comparison between the methods. The static piles were 
managed as would be expected on farms and then blended to simulate the activities as would be expected at a 
central finishing facility. 

METHOD 

The composting of poultry litter was demonstrated at the New Earth Services compostmg facility near Hurlock, 
Maryland. Approximately 520 tons of ingredients were composted in mechanically turned windrows in 1995 and 
approximately 300 tons of ingredients were composted in static, passively aerated and mechanically tumed windrows 
in 1996 (Table I). 

Compost ingredients consisted of poultry (broiler) litter, chipped wood and sawdust. Multiple samples of each 
ingredient were mixed to produce a composite sample for laboratory analysis. All analysis was performed by the 
University of Maryland Soils Testing Laboratory using standard methods. Table II is a summary of the average 
ingredient properties. Analysis results were utilized to develop compost recipes which provided the desired C:N 
ratio and moisture content (Brodie, 1994). 

Sawdust and wood chips represent a large portion of the cost of compost ingredients. It is anticipated that 
fanners will attempt to minimize cost and therefore use lesser quantities of wood product than is normally 
recommended. Recommended C:N ratios for compost mixes range from 25 to 35 (Rynk, 1992). In this 
demonstration the C:N ratios were depressed to IS to simulate what might happen on farms (Table 11). 

Windrow compost mixed in December, 1995 (pile 6 in Table I) was measured as truckloads. Weigh tickets 
from county operated scales were used to determine the mix ratios. The mixed compost was formed into t h m  
windrows each with a triangular cross section of ten feet wide by five feet high and four hundred feet in length. 
A total of 528 tons of ingredients were used. The mix ratio was approximately 30 percent poultry litter; 35 percent 
wood chips; and 35 percent sawdust by volume. 

Compost was mixed in October 1996 to allow time and motion study and development of a cost of the compost 
using different production techniques. The production techniques consisted of static with and without a compost 
cover; passively aerated static with and without a compost cover, and mechanically tumcd windrow. Compost 
ingredients were delivered to the compost site by truck. Ingredients were moved to the mixing area by tractor 
bucket loader. Volume ratios f w  mixing were measured by the bucketful. Ingredients were proportionately stacked 
in a windrow that was then mixed by two passes of the compost windrow turning machine. Mixed materials were 
then stacked as static piles or as tumed windrows using the bucket loader. 

Four static piles (piles 1,2,3,4 in table I) were constructed with base dimensions approximately fifteen feet by 
forty feet and a seven to eight foot height with 100 cubic yards of ingredients. The cross sectional shape was 
triangular. The piles were placed on a sixteen inch deep bed of wood chips placed on the ground to improve aeration 
capacity. Each static pile bed utilized an additional 36 cubic yards of wood chips most of which were reclaimed 
at the finish of the compost process and could be utilized in the production of new compost. 

Two static piles (pile 2 and 4 in Table I) w e n  covered with a six inch deep layer of previously made compost 
to act as an insulating blanket and odor control biofilter. Two static passively aerated static piles (piles 3 and 4 in 
Table I) were constructed on a wood chip bed which contained a twelve inch diameter perforated pipe under the 
center of the pile and extended the entire pile length. The pipe was laid in one continuous forty foot length in the 
center of the bed. The pipe was fitted with three rows of one inch diameter holes on one foot spacing to allow air 
transport into the bottom center of the compost pile. . Static and passively aerated piles were made with 23 percent 
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Table I. Demonstration piles of poultry litter compost 

ingredient 
compost process process dates volume 

pile cu yds 

static 
tumed once 
turned three times 

static with compost cover 
turned once 
turned three times 

static passively aerated 
tumed once 
turned three times 

turned once 
turned three times 

static passively aerated with cover 

mechanically turned windrow 
mechanically tumed windrow 

1011 21% - 9/27/97 
50 
50 

50 
50 

50 
50 

50 
50 

10/29/% - 05/12/97 100 
12/08/95 - 05/01/96 1,700 

10/16/96 - 9/27/97 

10/25/96 - 9/27/97 

10/28/% - 9/27/97 

poultry litter; 39 percent wood chips; and 38 percent sawdust by volume (3:5:5 in Table It). Static piles were then 
subdivided such that half the pile was dned once and half the pile was turned thne times during the period of 
composting. Tuning was accomplished using a bucket loader in a manner that the wood chip bed and aeration pipe 
were undisturbed during the process. 

Two tumed windrows w m  constructed with a triangular cross section of ten feet wide and five feet high with 
a combined total length of one hundred feet (pile 5 in Table I). These windrows w m  not placed on a wood chip 
bed. Turned windrows were made with approximately 25 percent poultry litter, 37 pemnt  wood chips; and 38 
percent sawdust (2:3:3 in Table 11). 

No water was added to the ingredients during initial mixing or subsequent tuming. It was assumed that farmers 
would not be equipped to provide water. The resulting mixes had moisture contents of 40 to 45 percent which is 
below the desired moisture level of 50 to 60 percent. 

This project is considered a demonstration of compost production and the data generated art specific to the 
individual compost piles monitored. The inference of trends may be considered subjective in that t h m  was 
insufficient replication of ingredient mixes and pile configurations to allow statistically meaningful measurement. 
However, because the demonstration was conducted on a commercial site using methods and employees normal to 
large scale composting, it is assumed that the experience is realistic. 

RESULTS AND DISCUSSION 

lnmedient mixing 

The mixing of materials for the production of compost must be accomplished in a manner that approximates 
the desired proportions of the various ingredients. Although simple in concept the task is not so simple in practice 
arcompost sites not equipped with expensive material metering equipment. The ingredients for windrow compost 
produced in 1995-96 arrived at the site in December. The 27 trailer loads of poultry litter, wood chips and sawdust 
were each weighed and then deposited in parallel rows such that removing material from the rows in equidistant 

.. proportions would approximate the ratio of the ingredients required of the compost recipe. Although expressed in 
the affirmative, the concept was not understood by the bucket loader operator as was evidenced by exhaustion of 
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Table 11. Average compost ingredient and initial mix propertks 

parameter units poultry wood sawdust 3 5 5  2:3:3 
litter chips volume mix volume mix 

calculated calculated 
~~ 

moisture 
nitrogen 
ammonium nitrogen 
phosphorous 
potassium 
calcium 
carbon 
magnesium 
sulfur 
volatile solids 
manganese 
zinc 
copper 
C:N 

% wet weight 
mgkg dry weight 

I, 

U 

II 

I, 

It  

,I 

I1 

n 

I1 

I, 

0 

ratio 

40 
59,000 
13,000 
22,000 
34,000 
19,000 

385,000 
12,Ooo 
10,000 

787,000 
500 
540 
850 

7 

29 
3,000 

0 
550 

1040 
1100 

127,900 
1370 

1 80 
380,000 

80 
50 
14 
44 

61 
3200 

0 
0 

530 
0 

492,000 
560 

1,010 
969,000 

38 
6 
3 

153 

42 
18,900 
3,500 
6,400 

10,010 
5,800 

275,000 
4,100 
3200 

6 16,500 
185 
178 
248 

15 

42 
20,100 

3,800 
6,800 

10,800 
6200 

279,200 
4,400 
3,400 

62 1,600 
194 
188 
266 

14 

the poultry litter pile while having excess wood products. After the emr was discovered the remaining wood 
product was then distributed on the three windrows of mixed materials that had been made. It is important that 
operators be trained in the concept of ratios and that they understand the needs of the recipe mixing process. 

The ingredient mixing for the 1996-97 compost trials of static, passively acratcd static and windrow turned 
piles was accomplished under direct supervision which provided the desired proportions of ingredients in October 
1966. The materials were measured by volume through counting the bucketfuls of each ingredient used. Ingredients 
were proportionally placed in a windrow that was then mixed using the windrow turning machine. The mixed 
ingredients were then placed in the respective piles or windrows. Each pile contained approximately 100 cubic yzrds 
of ingredients which when mixed reduced to 84 cubic yrrds. The reduction in volume is a result of a filling of 
voids between large particles with smaller particles of different materials. The percentage change in volume is 
dependent on the physical properties of the particular materials used. 

The operator of a bucket loader cannot achieve a consistent bucket volume of diffeknt types of ingredients 
or of the same ingredient when the resource pile changes shape. During this demonstration an overflowing bucket 
of sawdust was common while only about two-thirds of the bucket was filled with poultry litter. The operator may 
not be able to see the amount of bucket fill and may not be able to judge the quantities moved. Ingredient quantity 
deficiencies were corrected by adjusting the required number of bucket fills to make up for the lack of volume 
placed in the bucket. However, if the bucket operator fails to occasionally stop and observe the bucket capacity 
being moved the desired recipe may not be achieved. 

ComDostinp Drocess 

The windrows constructed in December of 1995 were turned using the compost turning machine on a schedule 
determined by the site operator. Temperatures, oxygen concentration and tuming event data were noi sufficiently 
recorded by the operator to allow a description of the compost process for these windrows. Piles and windrows 
consmcted in October of I 9 9 6  were monitored for temperature, oxygen concentration and physical appearance with 
enough regularity to describe the process. 

Compost oxygen concentration was less than one percent in all piles and windrows for all depths in the mass 
for several months after construction. The consistency of this low reading discouraged the operator fiom taking 
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regular measurement resulting in a lack of oxygen data for the entire project. Sporadic measurements indicated an 
increase of oxygen concentration to three to four percent within eighteen inches of the pile surface but less at deeper 
regions. For the static piles this low oxygen concentration was independent of whether the pile was passively 
aerated or covered with compost. However, after pile tunring higher oxygen concentrations could be measured 
directly over the aeration pipe. 

The lack of oxygen concentration would normally be indicative of anaerobic processes accompanied by cold 
temperatures, water saturated mass, blackness of the material and offensive odor. Machine turned windrows did not 
have these characteristics. Inspection of turned portions of the static piles showed some blackness of the mass 
but no major regions of water saturation. The only odor present was ammonia which was anticipated because of 
the low C:N ratio used in the mix recipe. There was no foul odor as is usually associated with anaerobic processes. 

Compost temperature was rigorously measured by the operator with a long stem dial thermometer. Measuring 
temperature is more rewarding than measuring oxygen in that the numbers change and trends can be noticed. 
Therefore, temperature monitoring is more acceptable to site operators than oxygen monitoring even though oxygen 
monitoring can be used to predict a problem while temperature indicates that a problem may have already occurred. 

Temperature histories for each treatment are shown in Figure 1. Each pile and windrow was monitored in six 
locations and the temperatures arc shown as the mean for the pile on the day of record. The temperatures of the 
different treatments were different in timing and degree. All temperatures averaged more than 55OC for five or more 
cons.ecutive days at some time during the process. 

In general: 

* piles with compost cover (2 and 4) had lower temperatures than uncovered piles (1 and 3) 

* static piles that were turned three times (1 b,2b,3b and 4b) had higher average temperatures than piles that 
were turned only once (la,2a,3a and 4a) but the latter piles had the higher peak temperatures which 
occurred after turning 

passively aerated static pile (3) showed little difference in temperature as compared to static pile (1) 

* all static piles (1,2,3 and 4) reached temperatures higher than the machine turned pile (5 )  

* the machine turned pile ( 5 )  cooled to ambient after 100 days of processing indicating a completed process 

all static piles (1,2,3 and 4) after 290 days of processing had temperatures above 5OoC 

* all static piles had temperatures on the side exposed to the winter sun consistently higher than temperatures 
on the shadow side 

Reasons for the process differences can be postulated based on the temperature information and other 
observations during and after the turning of the piles. 

The compost cover on static piles was reasoned to collect odor and ammonia which may be released from the 
composting mass, to act as an insulating blanket to promote heat retention and to provide a barrier to fly attraction 
to the raw poultry litter in the mix. It appears that the cover did not have an exceptionally beneficial effect on 
temperature retention and may have been responsible for reduced temperam by dampening the air flow through 
the pile. Small flies or gnats were present at all piles and it could not be differentiated if the cover provided any 
imect advantage. None of the static piles developed obnoxious odor. Therefore, it can be suggested that the effort 
and cost of placing a compost cover on static piles is unwarranted when using the combination of ingredients 
provided in this demonstration. 
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The use of a single large pipe for passive aeration appears to have allowed slightly increased temperatures in 
piles without a compost cover and in covered piles that had been turned and in the process lost the compost cover. 
Oxygen concentrations when measured were not different between passively aerated and static piles. All of the 
uncovered piles reached temperatures above 60°C independent of passive aeration. It appears that the sixteen inch 
depth of wood chips was a sufficient base for air movement Without the pipe. 

The number of times the pile was tumed effected the maximum temperature reached and the timing of the 
occurrence. All static piles which w m  turned once after 250 to 260 days sustained temperatures of between 50 and 
70°C for four to five weeks after turning. This was independent of compost cover of passive aeration. All static 
piles which w m  tumed three times in 250 days showed an elevated temperature after each turning but only the 
passively aerated pile without a compost cover surmined trmperatures above 60°C for an extended period of time 
after turning. This elevated temperature is an important aspect of the process because the previously untumed static 
piles were producing a dense crop of weeds on the surfhcc which added available nubients and energy when mixed 
with the internal compost mass. The elevated temperature is necessary to destroy the weed seeds. It appears that 
with these recipes sufficient process heat can be generated With a single late turning of a static pile. 

During the first turning of piles tumed three times the compost was inspected for odor, color and moisture. 
Generally ammonia was released during turning but no other objectionable odor was noted. Moisture was 50 to 60 
percent as determined by the hand squeeze method. The wettest regions were in a twelve inch layer approximately 
sixteen inches below the outside surface. This was probably a combination of rain infiltration combined with 
intqmal vapor condensation as the vapor migrated toward the colder outside regions of the pile. Compost covered 
piles were wetter than piles not covered. Passively aerated piles were drier in the center than non aerated piles. 
Some regions of black material were present in all piles but were not accompanied with odor. The chip bed was 
dry and light colored in passively aerated piles while non aer(lted pile chip beds were dark and moist but not 
saturated. These conditions were less nbticeable at subsequent d n g s .  

During the turning of piles tumed only once after 260 days of process there was little difference in appearance 
between the compost piles. Ammonia was released but not objectionable odor. Moisture was still high with 
labomtory samples ranging from 32 to 50 percent water. 

After 320 days all static piles were cooling but had not reached ambient temperature. The material from all 
piles was combined into a windrow and machine tumed twice in two weeks. The temperatures climbed in all 
windrows to 50°C that lasted for several days then declined. Ammonia release was no longer evident. Tbe static 
pile compost was ready for scmning 350 days after initial pile construction. During this period excessive rainfall 
increased the moisture content of all the compost to between 40 and 45 percent. 

The machine turned windrow was turned twelve times in 120 days after which the process was considered 
complete. During the process period temperatures of greater than 50°C were not sustained throughout the mass for 
periods of more than several days. Ihe turning process in mid winter may have excessively cooled the composting 
mass. In addition, the small windrow shape required for mechanical turning provided a large windrow surface to 
mass ratio that easily lost heat to the cold winter atmosphere. The low profile shape and the broad surface area 
allowed these windrows to capture rainwater that may have reduced porosity needed for air exchange in the mass. 
A temperature history for similar windrows operated during the summer would most likely show higher compost 
temperature than experienced with this demonstration. 

The demonstration experience indicates that a combination of static and machine turned compost processing 
is suitable for poultry litter combinations with wood chips and sawdust at less than optimal C:N ratios.- Winter and 
wet season composting in uncovered unturned deep static piles on wood chip beds that are converted to machine 
turned windrows in warmer and dryer months can be recommended. 

Compost yield and auality 
-- 

The dry mass and volume of the ingredients are reduced through composting as a result of the conversion of 
carbon to carbon dioxide and the reduction of particle size through microbial degradation. The wet mass may not 
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show a significant reduction because although water is lost to evaporation, water may be gained through rainfail 
infiltration on compost processed on sites open to the elements. As compost activity and temperature declines at 
the end of the process there is less air movement through the mass and the compost develops sponge like 
characteristics with respect to water retention fiom rainfitll. 

It is very difficult to measure compost volume and mass reduction on a commercial scale production facility 
because all of the product cannot be weighed or m d  in known volume containers. Additionally, the bulk 
density and the volume of the compost changes every time it is stacked or unstacked. Therefore, bulk densities of 
representative samples and volumetric estimates of non unif” piles and windrows must be accepted as indicative 
of compost yield from a known quantity of ingredients. 

Screening compost is necessary for some markets to assure a desired particle size range and remove unwanted 
wood chips. The effectiveness of a screen is reduced as the moisture content of the compost is increased. Ideal 
compost moisture for screening is in the 30 to 40 percent water range. Wetter compost forms balls that roll off the 
screen with the rejects and may clog the screen mesh resulting in less sc reed  compnst and more rejected material 
than with dry composts. The rejected material is not thrown away but is rccycled through the compost process with 
new mixes in place of some of the wood or sawdust. Although the recycled material rnay reduce some of the new 
wood product input, the cost of lost saleable product and of the additionel ptocessmg of already composted material 
may exceed the value of the new wood not purchased. 

The compost of 1995-1996 produced in machine turned windrows started in December as 528 tons and 1,724 
cubic yards of material as delivered to the site. By April 1996 the measured windrows held an estimated 800 cubic 
yards of compost or about 47 percent of the volume of the initial ingredients. The compost had a moisture content 
of 48 percent water which was too high for effective commercial screening. 

* 

The compost of 1996-97 produced in static piles started in October as 192 tons and 400 cubic yards of 
ingredient material not including the wood chip bed. Mixing the materials reduced the volume to 336 cubic yards 
divided equally among four piles. By September of 1997 after thc piles bad bees Jeparrted f” the wood chip 
bed and shaped to windrows for curing, tht mcasurrd windrows Contained approximately 67 percent of the volume 
of the initial ingredients. After commercial saeming with a 314 inch mesh at about 40 percent moisture the 
compost yield was 33 percent of the volume and 50 percent of the dry weight of the initial ingredients. 

The compost of 1996-97 produced in machine turned Windrows strrrted in October as 49 tons and 100 cubic 
yards of ingredients. Mixing the materials reduced the volume to 84 cubic yards. By June 1996 the “red 
windrows contained approximately 59 percent of the volume of the initial ingredients. Hand screening several 
samples through a lL2 inch mesh at approximately 48 percent moisture dK compost yield was 39 percent of the 
volume and 50 percent of the dry weight of the ingredients. 

Screened compost can be bagged and sold at higher market value than unsctttllbd compost that is sold in bulk. 
The rejects from the screen consist of wood and clumps of wet compost that are recycled into a new ingredient mix 
in place of purchased wood chips. Used in this manner the rejects have economic value. The chip bed retrieved 
after moving the static piles can also be used in the ingredient mix but not as a new bed. The purpose of the bed 
is to allow air flow under thc pile and used chips an contaminated with small wet particles which reduces the 
porosity of the bed. Chips for bedding must be clean and uniform and arc mom expensive to procure than the tree 
trimmings or chipped pallets used in the ingredient mix. 

ComDost chemical content 

The chemistry of compost is highly dependent on the chemistry of the ingredients used in the initial mix. 
During composting dry mass is lost through release of carbon dioxide, ammonia and other compounds to the 
atmosphere. Other elements that are not part of these gaseous products arc retained and their concentrations 
increased in the finished compost. Table 111 lists the chemical concentrations found in composite samples of the 

~ final composts. 
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Table 111. Chemical conceatrrtioas in poultry litter compost 

turned windrows combined static piles 
constituent units Dec95 OCt96 oct96 

12,600 
*,O 
N mgflts dry 16,000 10,100 
P 
K 14,000 6,800 8,300 

n 16,000 16,500 20200 Ca 
11 4,800 

na 3,100 2,600 
Mg 
S 
Mn 490 300 398 
zn 550 240 286 
c u  300 230 282 
conductivity “h0dCm na 5.5 9.26 

percent of initial mix by dry weight 
poultry litter YO 45 30 28 
sawdust 23 20 21 
wood chips 32 50 51 

- 
YO wet wt 41 22 42 

n 27,000 I O j 0 0  1 1,400 
n 

7,000 4,900 
11 

11 

n 

n 

- 

I, 

n 

__ _ - __ __ 

percent of initial mix by volume 
poultry litter Yo ‘ 30 25 23 
sawdust 35 37 38 
wood chips 35 38 39 

VI 

n 

NOTES: na means not available 
- Dec95 windrow was started in December of 1995 and finished in May 1996 
- Oct96 windrow was started in October of I 9 9 6  and finished in April 1997 
- O M  static piles were started in October 1996, mixed in windrows in August 1997 
and finished in October 1997 

All composts had elevated electrical conductivity above 5 “ h o s / c m  (a measure of soluble salts). Utilization 
of the compost in numry potting mixes requires electrical conductivity between 2 and 3.6 m“. Other 
applications such as field nursery and landscaping where the compost is mixed with soil are more tolerant of the 
salt levels in the compost because of the mass dilution and eventual salt leaching. 

All of the methods of composting demonstrated in this project produced compost of similar quality when 
similar ingredient recipes were used. Even the December 1995 compost that used different proportions of 
ingredients and was mixed and managed with uncertainty produced a product similar to the October 1996 compost. 
Differences in chemical data may be a result of mixing and sampling variations. It can be concluded that with the 
materials and methods used, the compost process is very forgiving if the basic conditions of porosity, nutrient and 
moisture balance are established. 

Production costs 

-_ Time and motion were measured during the mixing, pile building and turning processes (Table N). The total 
time required was proportional to the number of steps required. Windrows for machine turning wete made almost 
twice as rapidly as static piles and slightly less than three times faster than passively aerated static piles covered with 
compost. However, the times recorded are dependent on the configuration of the site and distances between 
locations of materials moved as well as the skill of the operator and the capacity of the bucket. 
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Table IV. Times for processing compost at  the demonstration site 

static static passively passively machine 
pile pile aerated aerated tumed 

compost pile pile windrow 
covered compost 

operation covered 

making compost mixes and piles 
-I-- 

100 cubic yards of ingredients 
lay pipe - minutes 0 0 15 I5 0 
place chip bed - minutes 24 24 24 24 0 
get ingredients - minutes 55 55 55 55 55 
mixing with turner - minutes 10 10 10 10 10 
place mix in pile - minutes 40 40 40 40 0 
cover with compost - minutes 0 12 0 12 0 
total time - minutes 129 141 I44 156 65 
time - minuWcubic yard 1.3 1.4 1.4 1.6 0.7 
cubic yardshour 47 43 42 38 92 

tuming piles minutdevent 20 20 20 20 6 
making curing windrows minutedpile 40 40 40 40 30 
turning curing windrows minutedevent 35 
screening cubic yarddminute 1.1 

The time and motion information was used to develop the operational costs for producing compost to compare 
the use of static piles and turned windrows. A summary is shown in Table V. The comparison only includes the 
actual machine and labor time and space costs based on 100 cubic yards of m a w  mixed. This operational cost 
is somewhat independent of the total mass and was not considmd responsive to economics of scale. The additional 
costs of machine maintenance and ownership, profit return to management, and other overhead items associated with 
the business were not included in this comparison. These additional costs are responsive to economies of scale and 
their analysis is beyond the scope of this project. 

The processes used for static pile la welt compared with the machine tunred windrow. The use of compost 
covers, passive aeration and multiple tumings for the static pile were considered of no advantage for improving 
process time or compost quality. The machine turned windrow required slightly more operational cost than the static 
pile because of the number of turnings required of the process. However, the static piles required more ingredient 
cost because of the wood chip bed even when given credit for use of recycled chips. Screening adds operational 
cost but also reduces finished compost volume by half or more. Although the screen rejects arc given credit for 
being recycled the loss of finished compost exceeds the value of new ingredients. A complicating factor not 
included here is the value of the screened compost as compand to the unscreened compost. In this example, 
screened compost would have to be sold for slightly less than twice the price of unscmned compost to make up 
for the cost of screening. 

The cost of ingredients represented 60 to 70 percent of the cost of producing compost in this d e m o n d o n .  
The charge for wood chips and sawdug was equal at $10 per ton. However, depending on the supply of wood 
residuals there arc periods of the year when sawdust or chips may h v e  at the site for more or less S10. In 
the spring of 1998 the cost of available wood products reached $20 per ton. Wood is usually not available in rural 
areas of Maryland because residuals from tree mmming, land clearing and other operations are rarely moved from 
the place of origination and may be left to rot or are burned. The project utilized wood chips that were generated 
in the metropolitan region approximately 90 miles from the compost site. Looking for wood is a constant exercise 
of compost management. 

*- 
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Table V. Compost production cost sammary 

type of compost (100 cubic yard batches) screened unsmened 
static machine static machine 
pile windrow pile windrow 

---- I_ -- 
required time days 
litter processed tons 
compost produced tons 
compost produced cubic yards 
ingredient cost 

litter 
sawdust 
chips in mix 
chip bed 
chips recycled value 

net cost of ingredients 
operations cost 

loader use 
tumer use 
screen use 
energy cost 
site rent 
sample analysis cost 
record keeping cost , 

total cost of operations 
total cost of ingredients and operations 

s 
s 
s 
s 
s 
s 

s 
s 
s 
s 
s 
s 
s 
s 
s 

350 
13 
22 
34 

130 
149 
200 
284 

(320) 
444 

80 
15 
65 
24 
11 
40 
50 

235 
729 

cost of compost production S unit of finished compost 
5 per ton 33 
S per cubic yard 22 

cost of processing S per ton of litter used 56 

185 
14 
26 
39 

142 
147 
197 
0 

384 

51 
92 
57 
28 
7 

40 
53 
275 
712 

28 
18 
50 

(102) 

350 
13 
44 
67 

131 
151 
203 
284 

624 

48 
15 
0 
14 
11 
40 
50 
127 
802 

18 
12 
61 

(144) 

185 
14 
39 
59 

142 
147 
197 
0 
0 

486 

33 
92 
0 
21 
7 

40 
53 
194 
733 

19 
12 
52 

NOTE: Costs are based on a $ per unit time charge for labor, equipment and space and do not consider 
aspects of ownership and profit which may be affected by the volume of material processed. Compost cost 
is very sensitive to material yield. The windrow turning machine was used to mix ingredients for the static 
pile. 

The cost of poultry litter was also $10 per ton. Farmers consider poultry litter a tradable fertilizer commodity 
rather than a waste product. Unlike urban compost operations that CM collect tipping fees for incoming wastes, 
poultry litter composten have to buy the waste. This condition may change if and when government places 
restrictions on the land application of poultry litter. Use restrictions will reduce the value of the litter and improve 
the economic situation for composters. 

ComDost production w s  

Problems with developing a business to compost poultry litter include but arc not limited to the Jogistics and 
cost of obtaining ingredient material, actual and perceived environmental impacts of large processing sites and 
biosecurity. The poultry industry is very concerned about the potential spread of bird disease through the movement 
o f  litter carrying trucks moving between farms. All activities must be accomplished with biosecurity in the forefront 
if composting is to become a viable business. 

It is evident from the demonstration project that an advisable scenario would be to mix and static pile compost 
poultry litter on the f m  which produced the litter. After 200 or more days the static pile would be turned. After 
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an additional 30 days the compost could be removed to a regional processing facility for blending with compost 
from other farms, curing, screening and preparation for sale. 

This scenario could be accomplished by a compost company utilizing trucks, bucket loaders and portable 
ingredient mixing equipment. Farm to farm traffic could be minimized and biosecurity measures could be controlled 
by the compost company. Only composted poultry litter would be removed from the farm and the regional 
processing facility would handle only composted products which would minimize environmental and biosecurity 
impact. 

The production costs developed in this study require adjustment to account for the conditions of the on-farm 
composting agreements. Adjustments would be based on whether the fkmeT or the compost contractor is 
responsible for supplying ingredients, equipment, manpower, and t ranspodon.  

SUMMARY 

The composting of approximately 2,200 cubic yards of materials f h m  1995 to 1997 on a commercial scale 
demonstrated the production of poultry litter compost using turned windrows and static piles. The compost produced 
had similar qualities regardless of the technology applied when similar ingredient mixes were used. A static pile 
consisting of poultry litter, wood chips and sawdust with an initial mixture moisture content of 42% placed on a 
wood chip bed produced desirable process temperature with one turning after 260 days. procesS variations including 
coiering the static pile with a layer of mature compost, installing p i p s  for passive aeration and earlier and more 
frequent turning did not appear to significantly improve the ploce~s. Machine turned windrow processing allowed 
the production of compost in less than half the time required of statk pile composting. The volume of compost 
produced before screening ranged from 50 to 67 percent of the vdume of the initial ingredients. Screening rcduced 
the compost yield to 30 to 40 percent of the ingredient volume. Screen rejects arc recycled through new compost. 
The operational cost of static and turned windrows was similar on a per unit of compost produced basis which 
averaged $20 per cubic yard of compost screened and S12 per cubic yard unmeened. Iagmfients accounted for 
60 to 70 percent of the production cost. A combination of on-frum Static pile composting and regional center 
processing for marketing may be a commercially viable enterprise. Good quality compost can be produd for field 
nursery and landscape usc with static piles andlor machine tumcd windrows at a cost that can be marginally covered 
by the sale of the compost. 
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TESTING OF AN IN-HOUSE LAYER MANURE COMPOSTING SYSTEM 
UNDER FIELD CONDITIONS 

S. A. Thompson’, W. C. Merka’ and A. B. Webste? 

’- Department of Biological & Agricultural Engineering and z.poUltry Science Deparnnent, 
University of Georgia, Athens, GA. 30602. 

Abstrat: Many of the problems that have cumntly beset the c0”crcial egg layer indushy have arisen becaw of 
methods of handing the manure output !+om large flocks. Alternative techniques for handling of animal manure within 
animal production facilities will need to be developed to sat& current and future zoning and environmental criteria 
placed on these types of operations. This paper discusses tests umducted in a commercial high-rise laycr house 
involving an in-house deep litter manure management system. This involves layers at Oammtrcial densities. depositing 
their manure onto stacked litter materials located directly beneath the cages. Regular turning of the litter facilitates 
composting within the layer house resulting in a reduction of manure volume and weight 

Keywords: In-House Composting, Commercial Layers. Manure 

INTRODUCTION 

Animal agriculture is facing more problems today than just those associated with the proper care and feeding of animals to 
“iz produchou procku#s are having to deal with both state and federal regulations mvolving the “mer  and rate at 
which they dispose of their waste materials, potential litigation involving “good neighbor” practices associated with insect 
control and odor problems, zoning p r o b l d  as subdivisions and cities encroach on farm lands and even the question in 
some states of farmers “right to farm.” 

Senator Tom Harkin (D-Iowa), ranking member of the Senate Agricultural Committee, proposed a bill in the current 
amgress. Therequinments of this bill included that: 1) integrated animal production companies will be responsible for all 
animal manures in an environmentally sound manner, 2) nutrient management plans for anirnal manures Will have both 
nitrogen and phosphonrs application requirements, and 3) sbpng Civil penalties Will be levied against producers and pasons 
violating the requirements of this act. While this bill was introduced late in the congressional session and did not make it 
out of Commiaee. animal agricultm can expect that in future sessions similar legislation will be proposed and perhaps even 
p e d .  

Odor and insect Cantrot are b e c ” g  critical paremetas in the design of animal production facilities. A large Alabama egg 
producer using amanure scrape syslan isinvdvad in litigation because of complaints f h n  neighbors caused by fly and cdor 
problems. The neighbors are demanding that this poulvy operation, containing 600,OOO layers be closed. Much of the 
portion of the 1993 North Carolina state legislative session that was devoted to environmental issues was taken up With 
matters of odor abatement (Wdliams and Sclufhan, 19%). Effective January 1,1997, all waste management plans in North 
C a r o h  for animal facilities must include provisions for odor and insect control (Crow. 1997). Animal agriculture is going 
to have to adopt more of a “good neighbor” policy in the future by controlling on-site odor and insect problems (Arends. 
19%). 

Alternative waste management systems are being investigated to alleviate p r o d m  of problems associated with manure 
production Kaufhann (1 997) reported on E deep-litter fermentation system for fattening pigs, in which sawdust was used 
as a ground cover in place of straw. An optimum depth of sawdust of 45 to 50 cm was found to be better than conventional 
ground covers such as wood chips or straw. The bedding material was turned every two wecks with no detrimhtal effects 
on biological activity. The dry bedding product had P final nitrogen content less than that normally observed with slurries. 
l@s was believed caused by a release of runmonia from the deep-bed material while in the house. 

Many of the problems that have currently beset the commercial layer industry have arisen because of methods of handling 
the manure output ii-om large flocks. While the egg industry is not necessarily at fault for all of the problems associated with 

.’ disposal of animal manures, it is becoming increasingly important that better ways to managc layer manure be developed 

77 



and adopted. Thls paper will discuss an in-house layer manure management system which has been tested botb under 
controlled conditions at the UGA Poultry Farm and currently in a production layer house. Ths  papa will discuss bow the 
system works and some of the effects observed in using such a system. 

MATERIALS AND METHODS 

Tests wem conduded in a 100.0oO hen capacity, curtain-Sided, high-rise Cammcrcial layer house located in south Georgia, 
to deermine if an i n - b  cunpost system would work under commercial conditions. The test house was chosen because 
of its COIlcrete floor within the manure m a  which helped in using the mobile compost turner. Tests were started on October 
28,1997 and concluded on July 1,1998. 

The Commercial layer b was a p p " t e l y  150 m long by 12 m wide. Forty meter long sections of 0.1 2,0.25 and 0.38 
m deep piles ofpine shavings, approximate . ly 1.5 m wide, were initially placed beneath the cage rows so that the birds could 
dinctty deposit their manure onto the shavings. On a regular basis the piles were tuxned to incorporatc any newly dcposlted 
"e material mto the shaving manure mixrture. Tests were conducted in d y  a &on ofthe house so that comparisons 
coukibemadebctweenthetestana andcanparabk~undcr normal management The birds were White Legharns. The 
manure was deposited on the shavings at the rate of 0.017 m2n>d. The commercial layer house was equipped with 
adjustable amins which could be raised and lowered, and depended almost entirely on natural ventilation within the area 
" n g  the manure. During the Wima months (approximately November to April) the curtsins were almost completely 
raised providing only minimal ventilation w i b  the manure arm. 

Th~composting material was turned at two-week intends using a mobile compost turner built by Fanner Automatic of 
Register, GA. The tuma is a prototype mcdel built specrfically for these experhmts and is not canmexially available. The 
mobile compost turner is approximately 2 metas  wide, 1.3 m tall and 2 m long and uses a gasoline powered engine. The 
compost turner was equipped such that the,*& at which the tines on the tumer operated could be adjusted. During the 
turning process the curtains were lowmd to provide ventilation within the manure area. It is believed that growers would 
be less likelytousesuch amanuremmagment system ifthe turning procedure needs to be donr more oftem than once every 
two weeks. 

. .  

Data Collection: 

- Gases: 
Ammonia (NHJ, carbon dioxide (COJ and hydrogen sulfide (H$) was monitored wexy six weeks befare, during and a f k  
turning of the litter material. Gases were sampled using a Matheson Toxic Gas Detector Model 801 4K. Gases wcre sampled, 
pnof to turning of the liner, at the four comers of the test m a  and in the center of the test tuea to determine the background 
gases w i t h  Uus region. Gases were also sampled in the middle of the house and within the cage area above the center of 
the test area and in the middle of the house. During the turning process. ammonia was sampled next to the turner where 
the operator would stand, at thcrcarcndoftheaanerwhat the material esits the machine and then 5 m behind the machine 
to determine its zone of influence. 

Nutrients: 
Analytical sampling of the litter was performed every two months to determine the concentration of N, P. K and trace 
minerals. Grab samples were taken from different points within the piles to determine the iiutrient concentration of the 
matenal. 

Commst Temperature and Moisture: 
Temperature measurements were taken every two weeks prior to turning of the litter. TcmpLmture measurements were 
taken using t lmmouqle probes ploood at different locations within the 0.12 m, 0.25 m. 0.37 m and raw manure piles. At 
two other times ( d m g  cold weather conditions and w m  weather conditions) continuous temperature measur-ements (one 
hour sampling rate) were taken using an OM-5000 Omega data logger to determine the temperatures of the piles during 
ttie two-week tuning cycle. 

Pile Volumes and Manun Accumulation: 
The volumes of the mpost piles were monitored by measuring the cross profile of the comymt on a monthly basis. Cross 
profiles were taken after tuning of the "post at two different locations within each row. Manwe accumulation by weight 
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was monitored every two months by cross-sectioning and weighmg a 0.41 m length cut of each compost pile. Cuts were 
made at two diEerent locations within the compost row. The material volumes and weights were compared to the buildup 
of manure w i h  a layer line of raw manure. 

0.8 

0.6 

0.4 

0.2 

- Flies: 
The compost was examined for the presence and density of fly larvae, pupae and pupae castings. Sheet metal pans were 
placed at the base of each pile to deter” . if the migration of fly pupae h m  the piles and the raw manure could 
b e d t o r e d  The fly populationwithin the house was not monitored since the tcst area only c~vercd a *on of the house 
and there would not be a way of knowing where in the house the flies came from and what generated than. 

Day 97 
+ 

Day 125 

Day 150 

Day 181 

--t- 

-t- 

-c- 

RESULTS AND DISCUSSION: 

F i ~ I , s h a v s t h e ~ ~ ~ ~ e o f t h e r a w m a n u r e o v e r t h e f i r s t 1 8 1  daysof teSting.Onday~ofthtsetcststhe 
hwse was cleanedofall marnnr within the test area. As would be expected the pile grew accuding to the manna in which 
themanurewasdeposited by the birds and stacked Drop boards exist on thecage battuysystan above and some manure 
pilcdmthedrop boardspriorto being deposited in the area below. This might explain some ofthe variation in the shape 
of the pile. 7% rawmtpnnepileocupior almost the entire width of the bay within which the material is contained and the 
width ofthe pile is wider than that of the cage battery system above. In this pile the raw manure forms a thin hg i l e  crust 
on the top and remains fairly we! within the central regions of the pile. The odor of the raw manure is the typical putrid, 
septic smell normally associated with layer manure. 

Pile Height (m) 

-. 

Figure 1. Cms scction p m f i  of the raw manure pile over 181 days of testing within the commercial layer housc 
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Pile Width (m) 

Figure 2. Cross-section profiles of the 038 m woodchips and manure over the first 181 days of testing within the 
commercial layer house. 

In Figure 2, is shown the cross-section profile of the 0.38 m woodchip treatment over the first 181 days of testing. On dsy 
one of these! tests a bed of woodchips 0.38 m tall Md approximntdy 1.5 m wide was p~aced on the floa of the house. Since 
that time the manure from the birds located above was deposted onto the woodchips and then incorporated together using 
a mecharucal turner h c h  turned the material every two w& The cross-section profde above was "#l after turning 
ofthe pile. The shapeof the pik was famed by the mechanical tumer as the cornpost material exits the machine. Very little 
variation m pile shape can be observed over the entire 40 m length of the test area. Only in those areas which were affected 
by excess water was the pile shape any Memt. In t h o s e ~ ~  the pile sides were much mort steep and SQmetimes finmed 
a vertical face caused by compfession of the wet material a g a m  the interior sidewalls of the tumer. The pile is slightly 
wider than the exit dimensions ofthe tumcrmcchpnism in thatmatcfial slutlkoff the slopcsofthepik &it leaves the 
machine. Eleween tmnine?r, this pile retains its approximate shape throughout the entire two-week cycle, with udy a slight 
increase in width from material sliding down the pile slopes. This pile is approximately the same wiQh as the cage baftcry 
system above. The tumed material docs not haw the septic odor typical ofthe raw manure. 

In F i p  3 is shown a comparison of the cross-section profile of the 0.38 m woodchip treatment and the raw manure pile 
after 208 days ofttsting. The woodchip manure mixture is obviously narrower and shorter than the raw manure. The 0.38 
m w d h p  pile has retained the same approximate dimensians as those obscrvcd after I81 days of testing while t& raw 
manure continued to increase both in height and width. The woodchip pile 0rig1~IIy stated with 0.18 m' of woodchips 
per meter length ofpde dafter 208 dayshas inaeas#l in volraae by only 41%. This figure shows the volumetric reduction 
which CM be achkvai using the in-house manure composting system. For this treatment a 34.5% reduction in volume was 
observed over that ofthe raw man=. If the whole house was littered. and a similar volumetric reduction was obtamed, this 
would represent over 328 m' (1 1,600 ft') less material which would need to be removed by the grower during clean out 
operations. 

In Figure 4 is shown the pile volume for each treatment over the first 208 days of testing. On day 208 the raw manure had 
the largest pile volume, followed by the 0.12 m, the 0.38 m and the 0.25 m woodchp treatments. The volume of the 0.25 
m treatment and the 0.38 m treatment piles were approximately the m e  between days 100 and days 208. Many of the 
praperues (volume, moisture contents, pile temperatures, and nutrient density) were similar for these two treatments 

-_ 
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Figure 3. Comparison of the cross-sectional protile of the 0.38 m woodchip manure compost and the raw manure 
after 208 days of testing. 

Figure 4. Volume per meter length of pile of the raw manure and the three woodchips treatments after 208 day, 
of testing. 
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throughout this experknent It appears that both the 0.25 m and 0.38 m depths were sufficient to allow canposting to occur 
at this bird density and manure deposition rate over the duration of these experiments. 

It is believed that more composting would have occun-ed and an even greater reduction in volume could have occurred in 
both the 0.25 m and 0.38 m treatments if the mechanical turner had been equipped with a larger engine. Because of power 
limitations. the tines of the turner could not be set at a depth nearest the floor. Therefore, not all of the woodchips were 
incorporated into the woodchip manure mixture for composthg. However, the machine was a prototype model and at the 
beginning of these experiments the powa requircrmts for such a system were not known. 

Ova parts ofthe 0.12 m woodchip pile leaking drinkers cause d o n s  to overly wet, which made this treatment 
difficult to turn with the mechanical turner. However, even in portions of the pile where moisture was not a problem it 
appeared that m o b  fran thcdqodcdmmmwas buildmgup within the pile andhindaing the anpcstmg action. This 
pile was no longer turned &er approximately the 125th day of these equi" ts .  It appears that at this bird density and 
manure deposition rate thisdepth ofwooddips is too M l o w  to allow the coanposting process to occur over a long penod 
of time. For the 0.12 m woodchip manure mixture no volume " ~ l t s  were taken on day 150. however, volume 
mea"tsforthispi1twastakcnonbothday 181 andday208. h e a r d a y  181 andday208thevolumcof the0.12 
m woodchip pile axxi the raw manure pik increased the same amount At this point in the expCriment the 0.12 m woodchip 
pile treatment was not being turned and it perfmed in much the same way as the raw manure. 

Between day 125 and day 18 I the volume measurements decreased or stayed appmxhately the same for all treatments. 
Duhg  this time the weather changed and the curtains were lowered, providing much more ventilation within this region 
of the house. This would have allowed additional drylng to occur. The birds were also molted during this time penod. 
Induced molting of the birds involves an emmded period of feed withdrawal (up to two weeks) followed by a period of 
another two weeks in which feed consumption is less than that of hens in production. This would have caused a decrease 
in manure volume output during this time &nod. 

It is believed that one of the advantages of the in-house manure composting system is that it could be used over long 
periods of time because of the reduction m m u r e  volume, thus cx-ending the time between clean out. Based on these 
experiments no volumetric savings would cmxur using the in-house cumposting system ifcompsting o c c d  for less than 
70 days using the 0.12 m treatment. 90 days using the 0.25 m treatment and 125 days using the 0.38 m treatment. 
However, h s  manm management system could also be used over short periods of time, such as during Winter months, if 
desired. While short composting periods would only provide small reduction in volume. the woodchip manure campost 
wouldbemuchcfiier,easiertohandle snd~f~objectiveodorsthwthetoftherawmanure,evenovertheshorttenn. 

In Figure 5 is shown the pile m a s  of the raw manure and the woodchip treatments over 208 days of testing. The pile mass 
is anestimate of the total mass ofeach pile over the 40 m test length. These estimates are based on data collected by cutting 
the pile (0.4 1 m cuts) at two Werent locations and wei&ng all the material contained within the pile across the cross- 
section. These tests were conducted on days 55,125, I 81 and 208. On day 208 the 0.12 m woodchip treatment was not 
weighed, since h s  pile was no longer being turned using the mechanical turner. The weight of the 0.25 m and 0.38 m 
woodchip txeatments have been very similar throughout the experiment and were approximately the same on day 208. The 
weight of the raw manure has been higher than either of these two tmbnents since day 125. On day 208, a 24% reduction 
in weight on average was obsaved for these two treatments over the raw manure. If the whole house was littered and a 
similar ~ c m  in weight was observed throughout the house, this reduction in manure weight would represent 188 metric 
tons less material which would need to be removed by the grower during clean out operations. 

In Figure 6 is shown the mure mass and the percent reduction in the raw manure d the three woodchip treatments &a 
208 days of testing. The total amount of man& is the tad wei@t of manure which was added to cach pile over the 208 days 
of testing. This amount was determined by multiplying the average amount of manure produced by a layer pix day by the 
number of birds by the number of days of testing For the three woaichip treatments the total amount of manure also included 
the weight of the \~mdchips used in each treatment. For the rnw manure, a 47.4% reduction in manure m a s  was observed 
during thxs test period while for the 0.25 m and the 0.38 m matments, reductions of 63.9% and 68.5% were observed, 
respectively. Thls reduction in mass is believed caused by drying of the material as well as decomposition of the organics 
withm the manure woodchip mixasre. Patterson (1 994) rgorted, after long-term manure storage in fan ventilated hghh-nse 
commercial layer houses, losses in manure mass consistent with a presumed loss of 50% or more in volume. While 
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Figure 5. Pile mass of the raw manure and the three woodchip treatments after 208 days of testing. 

Figure 6. Percent reduction in manure mass of the raw manure and the t h m  woodchip treatments after 208 days 
of testing. 
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Figure 7. Temperatures within the layer house and the treatment piles between March 2 and March 16,1998. 

Patterson did not adually calculale any reduction in weight. this 47.4% loss in manure weight wwld campod well with 
that reported by Pane". It should be expected, since only natural ventilation was used in the house in this study, a 
somewhat smaller amount of manure reduction would be observed. 

In Figrat 7 tm shown thetanpa;tanrs"dwiUtin the layer house over a two-wedc cyde between March 2 and March 
16.1998. Tanpaatlac "cnts were taken on M hourly bnsis using thamooouplcs placed in the manure treatments 
andkou@outthehoust. H o u r z t r o ~ t s t h e  time unmediately aftertumingof the woochip piksby themcchauical 
~ , w h i l e h o u r 3 4 0 ~ b e t h e ~ j u s z p r i o r t o t h e m ~ a a n i n g  TwothermocoPlplcsfailedduringthestcxpcnmtnts, 
therefore, the temperatures plots for these two thermocouples do not extcnd over the entire time period. Ambient 
(appmbacIy2mnbovlt floor level) and fk l a n p n K w  were measured in the manure storage area and are shown in 

this time period. Tempanturcs above 45 'C, which would be sufficient for composting (Haug, 1993). w a e  observed to 
occur in both the 0.25 m and 0.38 m compost, while tanperatures in the 0.12 m woodchip trratmcnt fanained at 
a p p x h a ~ i y  30 "C throughout this time period. Temperatures of the 0.12 m pile were by this time in the tXperiment not 
that much dflcrent than that of the raw manure. The low temperatures obsaved in the 0.12 m pile were believed cawed 
by the high moisture content of the mateal which were grater than those normally essociakd with good CompOJting 
conditions. In reg~ons within the 0.25 m and 0.38 m piles where excess moisturr existed, caused by lealung drinkers. wry 
hale mcrease in pile temperature was observed der turning. This manure management system is very moisture sensitive, 

--as art olha composting systems, and if a grower cannot control drinker problems within a house then this system should 
probably not be considered. 

the fi was tht two knwtcumswithinthe figm. Ambient temperatures ranged between qp"&y Oand2O"Cava 

, Ammonia OIJH,), carbon dioside (CO,) and hydrogem sulfide (H,S) was monitored befort, during and &ex turning of the 
material. It was difficult to get an accurate estimate of the zone of influence which turning had on the gas concentralions 
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w i b  the house, since this house depends on natural ventilation w i h n  the downstairs manure storage area. Because of 
this, wmd duwt~on plays an important part in how the gases disperse w i b  the house. Gas measurements were made before 
turning, dunng the Winter months, with the sidewall curtains raised. Turning of the litter treatments was always performed 
with the si&wd cumins lowered. Concentrations of €&S were negligible throughout the house during these experiments. 
The only time when noticeable values of H,S occux~ed was when the machine became bogged down during the &g 
p m a s  in repons in which moisture had been a problem. CO, concentrations were measured on the outer borders of the 
test region and also in the upstairs of the house. With the curtains raised average CO, concentrations of 800 to 900 ppm 
were mtasured in the manure storage a m  of the house, with a maximum CO, concentration within this region of 1 500 ppm. 
In the upstairs ofthe house. where the birds were caged, CO, cmcentrations were very similar to those measured downstairs 
with a maxi” CO, concentration of 1400 ppm. Before turning, background levels of NH, w a e  measurcd in the manure 
storage area with the cur(ains raised. In the manure storage area of this housc background umcmtratiom of ammonia of 
itom 5 to 47 ppm were mensured in the test area with the curtains raised. These tests were conducted on one end of the 
house. At the vay end of the house vay little ventilation occurred and the concentration of background NH3 were normally 
hi* in this =@on than in the center of the house. In the upstairs portion of the house background concentrations of NH, 
were not g”than 10 ppm. NH3 was noticeable during the turning process with a maximum concentration of 400 ppm 
obsaved during January (day 69) of these experiments. On that same day concentrations of NH3 of 68 ppm were measured 
5 m behind the turner. Between days 97 and 208 of these experiments the concentration of NH3 has not reached levels 
comparable to those observed in January. As the manure accumulated within the house the speed at which the mechanical 
turner could move through the piles decreased. Under ideal conditions the machine could go as fast as 1.5 m per minute on 
day 208 (May 24) while in Januay with little accumulated manure the turner was moving through the pile at speeds almost 
twice that fast. During the early parts of this experiment the tines of the turner were also operating as close to the floor as 
possible. Tbe concentration of ammonia might be related to the operation of the machine and to these two parameters. 
However, the concentration of NH, measured during turning d d  also be influenced by the properties of the compost, 
which may have changed over this time period. While NH, was noticeable during the turning process around the machine, 
after the turning process was completed emugh ventilatian existed within the manure area such that the concentration of NH3 
r e d  to its background level shortly theredk. This was similar to experiments pexfmd under controlled conditions 
at the UGA Poultry Farm. In totally enclosed conditions in which ventilation fans were wed, the concentration of NH, 
returned to approximately that of the background concentration 5 to 10 minutes der turninl: \cas completed. 

Fly pans were placed at the base of each pile to determine if some fly control was provided by the compost treatments. 
Analysis of the material collected f b m  the pans has not yet been done. Based on the temperatura measured during the two- 
week cycle, temperatures were achieved which should kill any fly eggs which were mixed back into the piles during the 
turning process. It is believed that some fly control is achieved by using this system, however, this has not been 
expenmentally determined at this time. During the latter stages of these experiments, large quantities of darkling beetles 
were observed on the surface of the woodchip litter treatments after turning. The beetles were assumed to live in the piles. 
However, it is not known if these treatments provide an environment conducive for the beetles to live within and some 
control should be provided, or if they just live on or near the surface of the piles where the fresh manure is deposited and 
the turning process brings them to the surface. 

In Table 1 is shown the nutrient density of the raw manure rind the three different woodchip treatments &er 181 days of 
testing. Also shown is the nutnent density for D manure and leaf compost made from yard wastes. Turning of the 0.12 m 
woodchip and m u r e  mixture had ceased by tfus tune and the moisture content of this treatment was much higher than either 
the 0.25 m or 0.38 m treatments. l3y in-house composting the prduct will leave the house with a dry basis nutrient density 
of oppravimatly 2% N, 8% P,O, and 4% K,O. Tlus product is much like that of the manure and leaf COmpOSt with very 
little odor and improved handling properties over that of the raw manure. Patterson (1994) reported the nutrient density 
of Commacial layer manure f a  samples taken from a 8 different flocks of birds, housed in fan-ventilated commercial layer 
houses, during long term manure storage. Values for samples reported to have a high and low nutrient density are shown 
in Table 2. The values nparlai in this aperhent are between those reported by Patterson for high and low nutrjent density, 
with the percent N closer to those reported for the low sample whde the percent Pz05 and K,O were more towards the 
middle of the reported mge. Patterson reported that the variation in nutrient density of layer manure could be traced to the 
age of the birds, bud diet mid the management of the waste materials. While the nutrient density of the raw layer manure and 
the woodchip treatments are not significantly different, the moisture content of the raw manure is much h@er than that of 
any of the other trtx~tments. Obviously, h s  decrease in moisture content within the 3 woodchip treatments is related to the 

: decrease in manure weight and manure volume which were previously reported in Uus study. 
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SUMMARY 

The in-house a"g system under commercial conhtions produced a si@cant reduction in both weight and manure 
volume over conventional methods in h c h  the manure is only stacked under the house. A 34.5% reduction in manure 
volume was observed in the 0.38 m woodchip treatment when compared to raw manure. This particular treatment started 
with 0.18 m' of woodchips and increased in volume by only 4 1 % over 208 days of testing. Both the 0.25 m and 0.38 m 
woodchip treatment showed a significant redudon in manure weight with a 24% reduction in weight on average when 
canpared to the raw "e. The 0.12 m woodchip treatment does not appcsr to provide enwgh carbon source to keep the 
canpost pnxxss working over a long period of time. For this particular treatment tests wcrt only conductdd over less than 
125 days baause of excessive moisture in the manure deposited by the birds and leaking waterers within the cage system. 
The a~rm ofthis system is dependent on the control of water, therefore, monitoring ofthe drinking system by the grower 
f a  leaking drinkers must be &ine on a legular basis. The woodchips layer manure mixture has many ofthe same propaties 
as a leaf manure compost- The layer manure compost has a dry basis nutrient density of approximately 2% N, 8% P,O, 
and 4%Icp. From a material standpow, the cunposted material is an improvement over that of raw layer manure, in that 
it has a decreased moisture content, improved handling properties and less 0dor.Gas COIlcentratons of d a ,  carbon 
dioxide and hydrogen sulfide were monitored. Levels of carbon dioxide were not excessive and hydrogen sulfide was not 
detected except where particularly wet section of manure cumpost was encountered during tuming. Ammonia was much 
more noticeable during the in-house compostmg process. . During the actual turning of the litter ammonia was noticeable 
adjacent to and sometimes 5 m behind the "e. However, the zone of influence of the machine was difticult to dttcnnine 
since the area within which the manure was stored was ventilated using natural ventilatim Durrng the early stages of this 
experiment the concentration of ammonia was higher. This may be related to the speed at which the tumer moved through 
the piks BS well as the properties of the compost during these early stages However, as the canpost ma- the level of 
anmaia produced during turning appeared to decree. After turning, the amccntratim of ammonia decseased quickly 
to that of the background levels. \ 

Table 1. Nutrient density of the manure and compost after 18 1 days (Oct. 28 to April 27) of testing. 

N P,O, K,O M.C. 
Wdb) (%wb) 

Mmure and Leaf 1.7 7.5 4.2 41.2 
Compost 

Raw Layer Manure 1.8 8.1 3.5 69.0 

0.12 m Woodchps 1.9 8.5 3 7 57.7 
and Manure 

0.25 m Woodchips 2.1 8.3 3.6 49.0 
and Manure 

0.38 m Woodchips 2.0 8.6 3.5 46.7 
and Manure 

Table 2. Nutrient density of layer manure. (Patterson, 1991). 
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N P20, K20 
(Ydb) 

HighNutrient Density 9.42 11.73 5.72 

LowNutrientDensity 1.98 3.71 2.16 
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ABSTRACT 

Air filled porosity, or free air space (FAS), is a fundamental operating parameter of aerobic composting 
and is a generally accepted measure of the amount of air contained in a compost material. Lack of an adequate FAS 
can cause anaerobic conditions and lead to prolonged composting time andlor incomplete and unsuccessful 
oomposting. Previous studies have found the optimal range of air filled pore volume to be between 30 and 60 
percent of the total system volume (Annan, 1998). 

As part of t h ~ ~  study, samples of compost were tested for FAS content by three direct-mcasurcmcnt 
techniques: the water pycnometer, a water saturation and draining method, and the air pycnometer. These results 
were statistically compared to each other and to two formulaic methods for calculating FAS found in the literature: 
an equation proposed by Schulze (1962) and a fundamental air filled porosity equation common to soil science and 
promoted for composting applications by Haug (1 993). 

The results produced by the water pycnometer and air pycnometer were similar, though not statisncally 
identical, and compared well with values generated by the air porosity formula promoted by Haug (1993). The 
water saturation and draining method and the formula first proposed by Schulzc (1962) followed another trend, 
generally producing disparately lower values of FAS for almost all the mixtures examined. 

Based on denvation of weight-volume relanonships, the au porosity equahon suggested by Schulze (1962) 
IS mcorrectly denved, and was found to produce dubious results. Study results also mhcate that as a technique for 
measunng total alr-filled pore space m composts. the water satwaaon and dramg procedure is fundamentally 
flawed and should not be used as a best pracnce. Based on study results, the air pycnometer, water pycnometer, and 
the air porosity equation promoted by Haug (1993) are recommended as best pracnce techmques for measunng 
compost au porosity The au pycnometer is proposed to be the method of choice because; 1) it is a simple. 
repeatable, and quick method, and 2) it more accurately measures the numerous small pore spaces found m any 
compost sample. 

INTRODUCTION 

Air filled porosity, or free air space (FAS), is defined as the ratio of gas filled pore volume to total sample 
volume. Adequate air spaces arc needed to provide oxygen to aerobic bacteria, and insufficient FAS can prolong 
the composting period and may lead to anaerobic conditions. Air spaces and channels also allow mixtures a degree 
of cooling. As air diffuses through open voids within a compost pile, it cames away excess heat to the open 

-- atmosphere. 

The presence of air voids in a compost mixture helps explain why optimum moisture levels may not be 
constant for all substrates. Bulky materials may have considerable FAS, lending themselves to excessive air flow 
which causes cooling and drying. For such materials, higher moisture levels can be tolerated. For finer materials, 
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the small air spaces between solid particles are easily clogged with excessive moisture or compaction. Moisture and 
FAS are interdependent. Increased moisture levels correspond to decreases in the volume of air filled pores. 
Research has indicated that the optimum level of FAS is between 30% and 60% of compost sample volume, while 
o p t ”  moisture content falls in the range of 50-60% of total sample mass. Bulky materials, known as bulking 
agents, create air voids in a compost mixture. Wood chips are a common bullung agent. Bulking agents can 
account for up to 60% of the total cost of a composting system, and their use should be rationed to a level that 
provides optimum FAS and structural support (Shea, et al., 1981). 

There are two procedures found in the literature for measuring FAS in a compost: the water pycnometer, 
explained in detail by Singley, et al (1981)’ and a water saturation and draining procedure written by the U.S. 
Compost Council and proposed by that organization as a standard test method ( U S  Compost Council, 1997). Both 
techmques use water to fdl in air voids. In addition, there are two mass-volume equations that can be used to 
predict compost FAS content based on sample bulk density, specific gravity, and moisture content. This study also 
proposes a FAS measuring fifth technique, the air pycnometer. The air pycnometer uses pressurized au to measure 
air pore volume. These techniques have not been compared to one another, and a comparison of the methods would 
benefit industry and researchers. This study will also i denm the detractions, if any, particular to each test. 

LITERATURE REVIEW 

Compost, like soil, is comprised of portions of air, water, and solid particles. Each occupies a fraction of a 
total sample volume. The total volume is described as 

vt = va + v w  + vs 
where 

v, =total sample volume, ‘ 
v, = volume occupied by air, 
v, = volume occupied by water, 
v, = volume occupied by solid matter. 

Air-filled porosity is defined as 

Va 

VI 
f = -  

where 
f = air filled porosity. 

Rather than air filled porosity, Schulze (1962) first coined the term “free air space” for compost 
applications. which he defined identically, in a verbal sense, to air filled porosity. Hereafter, air filled porosity (0 
and FAS will be considered identical. 

A detailed derivation of the FAS phase equation (equation 3) is presented in Annan (1998) and is not 
repeated here. Based on fundamental parameters of soil science, FAS can be expressed as 

_ _  where 
p, = total (wet) bulk density (MJV,) (gkm’), 
dm = dry mass tMJM,), 
G, = absolute specific gravity of the compost particles (dimensionless), 
p, = density of water (g/cm3) (usually taken to be 1 g/cm3), 
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Schulze (1 962) originated the concept of FAS for compost applications and developed the expression 

Note that the two FAS equations (equations 3 and 4) are not equivalent. A dimensional analysis of equation 4, 
presented in detail by Annan (1998), shows that Schulze’s equation is not correctly derived. 

Instead of using the equations derived above, FAS may be found experimentally. Two techniques are 
found in the compost literature: a water pycnometer procedure and a saturation and draining procedure referred to 
in this thesis as the U. S. Compost Council “standard”. A “standard” procedure for FAS evaluation is found in 
section 07.01 -A of Test Methodr for the Examination of Composting and Compost (TMECC), draft 3.9.4, currently 
being developed by the U. S. Compost Council, a professional organization. 

In the water pycnometer test, a compost sample is submerged in a known volume of water. The volume of 
water needed to fill in air spaces within the material is equal to the FAS volume. Water pycnometry has been used 
for a variety of materials, including soil, coal, and grain. A water pycnometer procedure for compost applications is 
described in Singley, et al., (1982). 

In the Compost Council test, a compost sample is first saturated with water. The water is then allowed to 
dram from the bottom of the cylinder. The weight difference between the saturated and drained states is equal to the 
volume of water needed to fill all open spaces. This standard method is procedurally very similar to the weight- 
differences method first developed by Lbamer and Shaw ( 194 1 ) for soils. 

An air pycnometer could be used for composting applications. Torstensson and Eriksson (1936) first 
developed the air pycnometer for measuring soil porosity. The air pycnometer used in this investigation consisted 
of a reservoir chamber containing air at a known pressure and a sample chamber filled with a known volume of 
material, yet initially open to atmospheric pressure. An air valve connects the two chambers. After sealing the 
system, compressed air from the reservoir is released to the sample chamber by opening the connecting valve. A 
gauge registers the pressure in the reservoir chamber before and after the connecting valve is opened. Boyie’s law 
can be applied to the pycnometer system by writing the relationship 

Pressure x Volume = Constant and constant temperature. 

This relationship can be expanded to 

P0(V, + V,) = P,V, + P,V,. 

where 
Po = equilibrium pressure in the entire system, 
v, = gas volume of overall system, 
P, = pressure in sample chamber, 
v, = gas volume of sample chamber, 
P, = pressure in reservoir clpmber, 
V, = gas volume of reservoir chamber. 

Assuming that P, is initially zero (since the sample chamber is open to the atmosphere prior to testing) equation 5 
can be solved for V,, the volume of gas in the sample chamber, producing the result of 

-- 

(Pr - P0)Vr 

(Po) 
Vs = 



In equation 7, P, represents the initial gauge pressure reading (With compressed air contained only in the 
reservoir). The fmal gauge reading is recorded as Po, the pressure in the entire system. As V, is the measure of gas 
volume in the sample chamber (either with or without sample), FAS may be calculated by 

VS FAS=- 
V m  

(7) 

where 
V, = volume of sample in sample chamber. 

Often, the sample chamber is equipped with a cup to hold mattrial. If the sample cup is filled completely, the 
material volume equals the volume of the cup. This is a convenient way to ensure a constant sample size over a 
range of tests. 

PROCEDURES 

Samples of sewage sludge (87% moisture) were mixed with airdried hardwood wood chips (10-12% 
moisture) in volumetric proportions of: 0.51, 0.75:1, 1:1, and 1.25:l wood chrps to sludge. Two batches of each 
mixture wen prepared at different times. Five samples from each mixture-batch combination were tested for FAS 
coritent by each test method. After these tests, a batch of 1.75:l and 2:l wood chips to sludge mixtures were 
prepared and tested. 

The procedure for the water pycnometer test is descr i i  in Singley, et al., (1982). In h s  study, a four 
liter, graduated plastic cylinder was filled witb 1800 cubic centimterS (d) of compost. The material was 
compacted by dropping the cylinder from a height of six inches onto a 0.5 inch foam mat. Once filled to the 1800 
cubic centimeter mark, the cylinder was weighed to the nearest 0.1 gram, ond the material bulk density was 
calculated. A wire mesh screen was placed atop the compost to prevent mattrial from floating once submerged in 
water. One thousand mL of deionized water was slowly poured over the compost sample. Additional water, in 500 
mL increments, was added if the water level failed to nse above the top of the compost. After the water addition, 
the cylinder was gently rocked from side to side five to ten times to h e  trapped air bubbles before recordmg the 
final water level. Water levels were recorded to the nearest 10 mL. The cylinder was emptied and cleaned 
thoroughly after each test. 

Sample FAS was calculated by subtracting the final water level reading (in mL) from the zero FAS mark. 
The zero FAS mark is equal to the sample volume (1 800 mL) plus the volume of water added to the sample (lo00 
mL in most cases). This difference represents the volume of water needed to ftll air-pores within the compost. 

The procedures for the Compost Council "standard" are presented in Tests 07-01 A in Test Methods for the 
Examination of Composting and  Compost (TMECC). Per the test procedures, 1800 cm' of compost were added to a 
clear cylinder. The sample is compacted by dropping the cylinder from a height of six inches onto a foam mat. The 
compacted sample was weighed to the nearest 0.1 gram and the sample bulk density was calculated. The sample 
was saturated with deionized water (saturation is when the water level was even with the top of the compost). 
Water was then allowed to drain for at least 15 minutes through four 1/8 inch holes drilled in the bottom of the 
cylinder. The saturation and draining steps were repeated three times. For a final time, the compost sample was 
saturated, and the saturated weight of the sampie was measured to the nearest 0.1 gram. Water was allowed to drain 
from the sample through the bottom of the cylinder for four hours. After this time, the compost-filledcylinder was 
weighed and the weight recorded to the nearest 0.1 gram. As defined by the Compost Council procedures, the 
difference in weight between the saturated compost and the compost after the four hour drain period is equal to the 
FAS volume. 

The air pycnometer used in this investigation is shown in Figure 1. Pnor to conducting tests, the air 
pycnometer was tested for leaks by pressurizing the entire system and monitoring the pressure gauge for drops. T h e  
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pycnometer was calibrated using precision steel ball bearings, whch allowed for very exact solids volumes to be 
placed in the sample chamber. Once a given number of ball bearings were placed into the sample chamber, the 
volume of air space in the cup was found by subtracting the solids volume from the total volume of the sample cup 
(91.5 cubic inches). A calibration curve was generated, plotting final gauge pressure readmgs versus FAS content 
of the sample cup containing different numbers of ball bearings. The curve is shown in Figure 2. This curve was 
generated using an initial reservoir pressure of 7.50 psi, and is valid for only those tests run at that initial pressure. 
Using Microsoft Excel’s regrtssion programs, a straight line was fitted to the points on the calibration curve. The 
linear regression equation was used to compute sample FAS fkom the final gauge pressure reading. 

The sample chamber holding cup was filled with compost (about 1500 an3). After adding each layer, the 
cup was dropped from a height of six inches onto concrete. After compacting the third layer by &IS method, 
compost was added in excess, without compaction, then smoothed to the top of the sample cup. The filled sample 
cup was then weighed to the nearest 0.1 gram, and the bulk density of material was calculated. 

Once the sample cup had been prepared, it was placed into the sample chamber of the pycnometer. The 
chamber lid was then secured. The connecting valve (valve E on Figure 1) was closed, while the air release valve 
(valve F on Figure 1) was opened. The reservoir chamber was filled with pressurized air to a gauge pressure of 
about 8.5 pounds per square inch (psi). The air entrance valve (valve C on Figure 1) was then shut. The pressure in 
the reservoir was reduced to exactly 7.50 psi by opening the connecting valve and allowing air to slowly escape 
through the air release valve. While open, the air release valve prevents pressurized air from entering the sample 
chamber. Once the reservoir pressure was set, the air release valve was shut, and then the connecting valve was 
opened. This allowed pressurized air to move from the reservoir into the sample chamber, filling air spaces withm 
the sample. The system was allowed to equilihte for about one minute, and the final gauge pressure was recorded 
to the nearest 0.025 psi. The sample FAS was found using the calibration curve (Figure 2). After recordmg the 
fmal pressure, the air release valve was opened, and the sample cup was emptied and cleaned. The average of the 
three pressure readings was taken as the final pressure reading for the sample. 

The equations of Haug (1993) and Schulze (1962) (equations 3 and 4, respectively) were used to determine 
the FAS for each sample using the bulk density values found from each test method and using the average moisture 
content and specific gravity for the mixture under study. 

RESULTS 

Sample compaction affects FAS content, as more compacted samples will have less air voids, and bulk 
density is a reflection of sample compaction. Initial statistical testing of measured bulk densities revealed that 
samples were prepared to the same degree of compaction from test to test (see  AM^. 1998). With this established. 
FAS tesnng techniques were compared. 

The next series of tests analyzed the measured FAS values. The objective of this analysis was to determine 
which measuring techniques were smlar.  As vananons m sludge were found to have stansncally msignificant 
effects on bulk weight, samples were compared across batches for each mxture rano. A plot of mean FAS 
percentage as a function of rmxture ratio (expressed as percentage wood chips) is shown m Figure 3. Nmety-five 
percent confidence mtervals were ascribed to each mean, as shown on Figure 3 

Two trends are present in the data: an “upper range” of FAS registered by the air pycnometer, water 
pycnometer, and Haug’s equation; and a “lower range” established by Schulze’s equation and the Compost Council 
standard. More advanced statistical testing, presented in Annan ( 1998) demonstrate that for the most part, the tests 
did not produce statistically identical results. However, the trends shown in Figure 3 demonstrate relative 

-relationships between test results. 
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Across all mixtures, the water pycnometer differed from the results from Haug's equation by only about 
9.5%. Likewise, the results from the air pycnometer differed from those from the water pycnometer by 12.4%, and 
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from Haug’s equation by 15%. The pooled results from Schulze’s equation differed from the Compost Council 
standard by 25.4 %. 

As observed in Figure 3, there is considerable scatter in the results for the pure sludge (0% wood chips) 
and 0.5:l (33% wood chips) mixtures. There was 
considerable occlusion of pores in the middle and bottom of the samples. Neither water nor air was able to reach 
the occluded pores in the bottom of the material. Likewise, the results from the Compost Council standard are 
suspect. Blocked by compacted material, water was unable to drain from the bottom of the test apparatus as 
intended, giving an FAS content of essentially zero. 

These mixtures were very wet and compacted easily. 

CONCLUSIONS 

Water &”meter. In general the water pycnometer was a found to be a procedurally sunple test that 
provided adequate measures of FAS content. l h s  test requires only the slmplest equipment and is a good “quick 
and dirty“ assessment, caking only about 10-1 5 minutes to prepare a test a sample. 

While testing compost samples with the water pycnometer, air bubbles became trapped w i h  the compost 
material. These bubbles were plainly visible, yet they could not be dislodged by gentle movement. The presence of 
bubbles caused a lower than actual recording of FAS contcnt. Cylinders used for the water pycnometer test should 
be.wide enough to allow compost material to “settle naturally”, without binding on the container walls. Singley 
(1981) recommends using a cylinder with a diameter at least twice as large as the largest compost particle being 
tested. 

Air Pycnometer. The air pycnbmeter produced results that followed the trends of the water pycnometer 
and Haug’s equation. However, the air pycnometer did produce consistently higher values for FAS content, 
especially for mixtures containing the greatest amounts of wood chips. This result is explained by the fact that air is 
a much less viscous fluid than water, and is able to enter the smaller pores that water cannot. In “dner” mixtures 
(those with higher wood chip content) air was able to enter wood chip pores not scaled with moisture, thus causing 
the pycnometer to register relatively higher measured values of sample FAS content. 

In pnnciple, the air pycnometer produces the most reliable measures of FAS. The au pycnometer does not 
have the problems of trapped bubbles that plagued the water pycnometer and Compost Council tests. The device is 
operationally sunple and easy to use After prepanng the calibration curve, it required but five mnutes to prepare 
and test a compost sample. No spcciallzed parts are needed to construct the pycnometer. High precision au 
pycnometers are commercially available, though the sample sues they are capable of handlmg are generally too 
small for compost applicatlons. 

Compost Council “szundurd”. The Compost Council standard produced very different results from the air 
pycnometer, water pycnometer, and Haup’s equation. The primary reason for this difference is because the 
Compost Council procedure, as it is currently written. only measures non-capillary air porosity, or the “larger” air 
voids that readily release water during draining. Another significant part of total air porosity is capillary porosity- 
smaller pores that retain water even after prolonged draining. A test of complete FAS should measure both capillary 
and non-capillary porosity (see Annan, 1998). 

The Compost Council procedure does have one other flaw. It is very difficult prepare a saturated sample 
so that the water level is exactly equal to the level of compost in the container. Th~s is even more a problem when 
testing raw composts containing large particles, like wood chps. More often than not, some ponding on the 
compost surface will occur. _ _  

The Compost Council test took approximately five to six hours to complete. Material often clogged the 
drain holes in the.bottom of the cylinder preventlng water from draining from the sample. Based on the results of 

.. this study, the Compost Council standard should be abandoned as a best practice technique for measuring FAS. 
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The Equations. Haug’s equation provided a very good estimate of FAS content for most mixtures, and 
tracked the water pycnometer and air pycnometer results especially well. The use of this fundamental equation 
from soil science requires one to know sample moisture content, bulk density, and specific gravity. Of these 
properties, specific gravity may be the most difficult to measure. A comparison of tests for measuring specific 
gravity is presented by  AM^ (1998). 

Schulze’s equation was found to be incorrectly derived and its use should be abandoned. Unfortunately, 
this equation has been used by many researchers to establish the ranges of FAS that afford the optimum composting 
conditions (Jeris and Regan, 1973). 
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BIOFILTER TESTING USING COMF'OSTING FOR STYRENE AND METHYL ETHYL KETONE 
EMISSIONS 

Regina S. Porter, Ph.D. 
Southeastem Technology Center 

Augusta, Georgia 

ABSTRACT 
This project is a technology demonstration to establish the biofilter technique as a cost-effective method to 

remove airbome volatile organic compounds (VOCs). The system was designed to remove mainly styrene from the 
airstream from the Pipe Assembly Building at Augusta Fiberglass Coatings in Blackville, South Carolina. The 
biofilter was also proved capable of removing methyl ethyl ketone (MEK). Results fiom the demonstration have 
shown that the effluent generally remaining below 7 ppm of styrene. The average styrene influent is 200 ppm. The 
project has demonstrated a reliable and inexpensive method for removing low levels of VOCs. Chicken compost 
was used as a source of nutrients and microbial growth. 

INTRODUCTION 
Several technologies are currently being used to reduce VOC emissions. These technologies include vapor 

scrubbing, thermal oxidation, catalytic oxidation, carbon adsorption, W oxidation, corona destruction reactors, 
plasma technologies devices, and biofiltration. The first four are the mature technologies that have been proven 
effective at reducing VOC air emissions. The latter are newer technologies that are still being tested as to their 
effectiveness. The technique described and discussed here is a field-pilot biofiltration demonstration used to reduce 
styrene, methylene chloride and MEK ai: emissions. Compost matrix was used as a source of nutrients and bacterial 
growth. 

Biofiltration can be widely applied to control VOC emissions from industrial and commercial sources, 
wastewater treatment plants and soil and groundwater remediation operations. Biofiltration is an air pollution 
control technology that cleans contaminated air as it passes through one or more beds of a selected medium. VOCs 
are transported from the gas phase to the biofilm on the compost matrix and degraded to C02 and H,O by the 
microorganisms in the biofilm. Cost analyses have shown that biotreatment of industrial waste gases containing 
VOCs is potentially 2 to 10 times less expensive than thermal oxidation or catalytic oxidation, 10 to 40 times less 
expensive than adsorption to activated carbon and 4 times less expensive than traditional scrubbing (Salemink, R., 
1991 and Dharmovaram, S., 1991). Furthermore, vapor scrubbing and carbon adsorption techniques require hither 
processing of volatile organic carbons to oxidize them to C02 and water. 
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2. Steam Generating Boiler ( S )  and 
Hum idi fier(H); 

3. Bio-Filter Vessel (F); 
4. Utility Supply System; 
5 .  Instrumentation and Control 

System, and 
6. Influent and Effluent Gas Analyzer 

System. 
-- The biofilter system was placed 
on a reinforced concrete foundation and 
was connected to the PAB with poly 
vinyl chloride (PVC) piping. The air 
pump (B) is a positive displacement ' 

t 
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Water & 
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FIGURE 2: Biofilter Process Flow Diagram 

0 To determine the efficiency of the biofilter process when it is compared with other air emission reduction 
technologies. 

SITE DESCRIPTION 
Augusta Fiberglass Coatings (AFC) is a commercial fiberglass production facility located in an industrial 

zone outside the city of Blackville, South Carolina. The site is comprised of approximately 168 acres of land and 
includes 15 production buildings, an administrative structure. and several storage buildings. The biofilter, Figure 1, 
has been constructed alongside the Pipe Assembling Building (PAB), a 60 R by 100 ft. (181x1 x 3Om) building used 
to complete the construction of smaller specialty fiberglass items. AFC has complied with air emissions regulations, 
and mass balance calculations show styrene, methylene chloride and methyl ethyl ketone emissions at the PAB of 
1.142 Ibhr (5  18 gh), 0.347 lb/hr (1 57 g/hr). and 0.095 Ib/hr (43 g/hr), respectively. 

TREATABILITY STUDY: SET-UP AND RESULTS 
A treatability study was conducted to optimize biofilter medium composition and styrene removal 

efficiency. Samples of the PAB exhaust were collected for VOC analyses using hand-held portable pumps and 
absorbent tubes; laboratory analyses of these samples show that styrene is the major VOC emission from the PAB. 
Based on these results, the biofilter treatability study was configured using only styrene as the VOC influent. 

The dimensions of the treatability bioreactor were 6 inches (15.2 cm) diameter with a 4-foot (121.9-cm) 
bed height. The styrene inlet flow rate varied from 0.5 to 2 scfin. The selected medium that presented best removal 
efficiency was chicken compost and granular activated carbon (GAC) in a 2:l ratio. Removal efficiencies using 
flow rate of 2 sch are listed in Table 1. Different loading methods were used for each run in order to check 
percentage removal of varying influent styrene concentrations. 

Table 1: Styrene Removal Pilot Experiment, 8/19/96 to 9/17/96 
In fluent (Relative ppb) 'Emuent (Relative ppb) YO Removal 

125200 4400 96.46 
42 1250 1 I92 99.72 
913520 50 99.99 
203000 1700 99.16 
130000 174 99.92 
147700 0 IOO.00 
2700 127 95.30 

1141 100 16840 98.52 
354400 58870 83.39 
4 10400 52240 87.27 
877600 121800 86.12 
1 194000 2 14720 82.02 
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blower that, with silencers, exhausts the building air stream through the biofilter tank. The blower system operates 
at approximately 1,000 scfm, resulting in a water column pressure drop across the biofilter bed in the range of 20" to 
30". The biofilter system includes a propane fued boiler (S) providing steam to heat and humidify the influent air 
stream, and an automatic moisture system providing water andor nutrients to the compost biofilter medium via a 
series of spray noales in the tank. The average relative humidities (RH) of the air entering the biofilter bed is 38% 
and averages 85% leaving the biofilter. 

The biofilter vessel is a fiberglass tank, 18 ft. high by 9 ft. diameter (5.5 m x 2.7 m), that was designed and 
manufactured by AFC. Analyses of the compost indicated a high percentage of nitrogen and phosphorus and a 
neutral pH. The selected GAC is a particle size of 5 to 10 mesh and, once mixed with the compost, is in two layers 
4-feet (1.22 m) thick in the biofilter. The Instrumentation and Control System provides data on humidity and 
temperature. The system controls the steam and water injection into the biofilter, and measures the humidity and 
temperature of the influent and effluent air flow. 

A Bruel and Kjaer Model 1302 Infrared Photoacoustic Spectrometer (IRS) gas analyzer was used to 
analyze the influent and effluent concentrations of VOCs. The IRS was calibrated for styrene, methylene chloride, 
MEK, carbon dioxide, and water vapor, with a full set of measurements recorded every 30 minutes. Analyses of the 
emuent carbon dioxide concentrations provided the aerobic respiration rate of the microbial population. The 
biofilter system was totally automated to the point that trips to the site were made primarily to download data from 
the gas analyzer. The IRS was used to monitor styrme,.MEK, and methylene chloride oxidation. 

RESULTS 
Figure 3 is a chart of the IRS analyzer data showing styrene levels in and out of the biofilter for a normal 

week of operations at AFC. This chart shows styrene levels peaking at 200 ppm on the biofilter inlet and an outlet 
concentration that generally remains below 7 ppm. Styrene levels in the influent vary considerably due to the 
variations in the amount of work being performed in the building, but the effluent styrene levels remain consistently 
]OW. 

The inlet concentrations of methylene chloride and MEK have been negligible and the performance of the 
biofilter has been addressed only in terms of styrene removal efficiency. 

FIGURE 3: Styrene Levels Recorded over a Standard Week at AFC 
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FIGURE 4: Styrene Elimination Rates over the Sample Test Period 

Figure 4 reflects the elimination rates of the biofilter bed for styrene using the data plotted in Figure 3. The 
elimination rates are calculated using the following equation: 

Where ER = elimination rate, g/m3/hr 
Q = flow rate, m ’ h  
Cjn = influent gas phase pollutant concentration, g/m3 
C, = effluent gas phase pollutant concentration, g/m3 
V = volume of the bed material, m’ 

CONCLUSIONS AND RECOMMENDATIONS 
The results of this field-pilot biofilter demonstration provide strong support for the use of biofilters to treat 

industrial styrene emissions. The project commenced with contract award in June of 1996, construction was 
completed in August, and startup of operations in October of 1996. As of mid January 1997, bed acclimation has 
been accomplished, and significant performance data have been acquired. 

Data from the treatability sNdy and the Cot effluent concentrations recorded by the IRS for the pilot 
technology demonstration support the biodegradability of styrene in this demonstration. The efficiency of the 
process in terms of a calculated biodegradation rate was not determined. Styrene biodegradability has been well 
documented; intrinsic biodegradation rates from bench-scale biofilter for styrene has been in the range of 9 to 35 pg 
styrene per hour per mg dry weight (Toga, et al.. 1992) 

Figures 3 Cpt 4 show that a steady-state effluent concentration was obtained and that acclimation of the bed 
was reached. It seems that the large fluctuations in the VOC mass loading due to changes in the manufacturing 
process is not adversely affecting the biofilter performance. 

The efficiency of the biofilter process when compared with other air emission reduction technologies was 
demonstrated in this project. Traditional air pollution control technologies have been known to be too costly and, in 
some cases. not capable of treating low concentration VOCs. Conversely, biofiltration is both cost-effective and 
provides treatment of low concentration VOCs. 

The demonstration project has proven itself so well that AFC has requested that the biofilter remain in 
--operation at the completion of the demonstration and become a permanent addition to their continuing program of 

environmental responsibi 1 ity . 
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THE EFFECT OF SYNTHETIC BULKING AGENTS ON PRESSURE DROP THROUGH FOOD 
WASTE COMPOST 

Robyn L. McGuckin, 
Dr. Mark A. Eiteman, 

Dr. K.C. Das 
Department of Biological and Agricultural Engineering 

University of Georgia 
Athens, Georgia 

SUMMARY 

Pressure drop was measured through a column of lettuce and onion food processing waste 
containing synthetic bulking agents from chemical separations processes. Six different polypropylene 
bulking agents were compared against the more traditional bulking agent pine bark. The bulking agents 
were used at various different fractions, or bulking agent densities. The results consistently showed that the 
synthetic bulking agents caused a pressure drop three to five times lower than pine bark. Pressure drop 
models suggested by Shedd, Hukill and Ergun were used to fit these data. A parameter in &gun’s equation 
was used to quantify the fraction of bulking agent necessary to implement 50% viscous energy pressure 
drop losses. 

INTRODUCTION . 
Vegetable wastes have several characteristics which have made composting problematic, these 

include high moisture content, low carbon to nitrogen ratio, and often high concentrations of odor causing 
chemicals such as sulfur. Bulking agents may mitigate problems associated with vegetable waste 
composting. An ideal bulking agent would contribute pore space throughout the compost pile and process 
(Haug. 1993). Low-cost synthetic bulking agents might indeed be designed to provide optimal support and 
void space integrity. Similar criteria have been used for the design of numerous packing materials for gas 
absorption used in the chemical manufacturing industries. Indeed, low pressure drop is a principal concern 
in the selection of these inert packing materials (Coker. 1991 1. 

The high moisture content of vegetable waste results in considerable deformation and compaction 
during the degradation process, causing significant reduction of pore space through which air may flow 
(Haug, 1993). As pore space is reduced, pressure drop across the compost pile will increase, necessitating 
higher energy input to the blowers to maintain the air flow (Keener, 1993). These problems may be 
partially circumvented with bulking materials that provide a relatively constant pore matrix in the compost. 

The low C:N ratio of lettuce and onion wastes may cause incomplete microbial digestion. 
Therefore. these wastes should be augmented with a substrate containing a high C:N ratio. In addition, the 
high sulfur content of the vegetables (particularly onions) increases the likelihood of odor formation, 
particularly if an aerobic environment is not maintained (Haug, 1993). Sulfur caused odors may be reduced 
by augmenting vegetable waste with low sulfur substrates to provide a chemical balance, or by insuring 
adequate aeration during the entire compost process. Adequate aeration is also facilitated with bulking 
agents and high pore space. 

CORRELATIONS FOR PRESSURE DROP 

Numerous correlations are available for predicting pressure drop encountered by fluids flowing -- 
through a matrix of porous material such as compost. In general, pressure drop per depth of material ( hp ) 
IS a function of superficial fluid velocity (U). Shedd ( 195 1, 1953) proposed the following equation for 
adlow through seed and grain: 

L . 

.I 
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AP= A U B  

The superficial air velocity (units of cfm/ft?, or ft/min) is equal to the volumetric flow rate (Q) 
divided by the cross-sectional area of the porous material, tangential to the direction of flow. The two terms 
A and B in Equation 1 are empirically determined. Hukill(1953) modified Equation 1 to account for 
nonlinearities in the results of Shedd: 

CU * 
hl(l+DU) 

AP= 

In Equation 2, C and D are empirically determined. Although the pressure drop is normalized by 
material height, Equations 1 and 2 do not account for the effects of compressible materials such as 
vegetable wastes. The simplest correlation (Chen, 1980; Higgins et al., 1982; Haug, 1993) for quantifying 
air flow through a column of compressible materials is: 

AP = KU"h' (3) 

In Equation 3, the value of K and the exponents n and j are empirically determined. The values of these 
exponents approach one for laminar flow. The value of j becomes one for non-compressible materials. and . Higgins (1982) suggested that j will be one for a depth less than 2.4 meters. Since flow through porous 
media is turbulent (Schedegger, 1957) values of the exponents are generally not equal to one. More 
recently Das and Keener (1997) demonstrates the effect of moisture content and compaction on pressure 
drop. Reynolds ( 1900) formulated an alternate approach to describe pressure drop as a function of 
superficial velocity: 

AP = aU +bU2 (4) 

Ergun (1952) is often credited with the application of this equation, as he provided an extensive 
demonstration of its utility in describing the behavior of oven coke. As in previous equations. Equation 4 
has empirical constants which must be determined for the specific material. The first term in Equation (1 
represents the viscous energy losses, and is essentially a simplification of Darcy's Law, which regards 
inertial effects as negligible. Viscous energy losses are caused by the contact of a fluid with the surface 
over which it is traveling. The second term represents the kinetic energy losses, caused by rapid lateral 
movement of the fluid as it flows through pore spaces. In completely turbulent flow at high air velocities. 
kinetic energy losses constitute the principal resistance to flow. Thus the coefficients in Firgun's equation 
indicate the relative importance of viscous and kinetic energy losses. 

An important parameter in composting with bulking agents is the ratio of bulking agent to 
compostable material. or the bulking agent density (4). One would anticipate that at a given air flowrate 
increasinp the bulking agent density would in general decrease the pressure drop. Increasing the value of I$ 
would change the empirical constants in any of the above correlations (Equations 1 - 4). An optimal 
bulking agent would be one which provides low pressure drop (and associated costs) while maximizing the 
quantity and quality of the composted material. 

The goal of this study was to compare quantitatively several bulking agents for the composting of 
lettuce and onion waste. The two measures of bulking agent effectiveness are the pressure drop in a column 
of compost, and the compostability of the mixtures. 

COMPOSTING VEGETABLE WASTES 

-- The U.S. 1997 fresh-cut vegetable production was estimated at 830 million pounds (Raynes, 
1997). At one processor near Atlanta GA. 83% of total production consists of lettuce and 8% of onions 
(Raynes. 1997). The industry is very sensitive to vegetable quality. and therefore waste generation almost 
equals wholesale production. The U.S. annual projected fresh-cut vegetable waste by-products are 790 
million pounds (Raynes. 1997), essentially all of which will go directly to landfills. With increasing public 

._ 
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pressure to reduce solid waste disposal reduction or recycle of these vegetable wastes is of growing 
importance. Composting may provide one alternative to landfilling there highly biodegradable materials. 
In addition to causing a significant volume reduction, composting can yield a useful soil amendment. 
However, unlike traditional compost materials such as animal and municipal waste, vegetable waste has 
several characteristics that may present difficulties to the process (Haug, 1993). Specifically. lettuce and 
onions are high in moisture, have a low C:N ratio, and can generate odor while composting due to their high 
sulfur content. 

2" 
1 " 
2" 
1 *) 

2" 
0.5-3" 

MATERIALS 

93 4.20 
90 4.30 
94 3.50 
91 5 .00 
94 3.25 
78 10.00 

The organic compostable mixture used in this study consisted of lettuce, onions, poultry litter, and 
pine sawdust. Lettuce and onions were both obtained as fresh waste from a local vegetable processing 
plant, the poultry litter from a local farm, and the sawdust from a sawmill (Curl Pack, Suwanee, GA). For 
size uniformity, the vegetables were manually chopped and screened (2'' x 2"). The volume of material was 
measured to the nearest 0.003 m3 and routinely stored in 45 gallon covered containers in a cold room 
(4'C). 

manufacturing industries. Three polypropylene packing materials (shown in Figure 1) were studied: 
Telpack (Telpack Tower Packing, Boston, MA), Tripac, and Saddles (Jaeger Products, Inc., El Dorado, 
KS). For each packing material two nominal sizes ( I  " and 2") were studied. Pine bark (Craven Pottery. 

. Commerce, GA) was also used studied. Table 1 shows pertinent parameters on these seven bulking 
materials. 

Non-organic bulking materials consisted of random packing materials commonly used in chemical 

Table 1 - Physical properties of the bulking materials 

Tripac 
Tripac 
Telpack 
Te I pac k 
Saddle 
Saddle 
Pine Bark 

. 
Nominal Size I Void space I BulkDensity 1 

I (%) I (Iblft-') 
I " 90 6.20 

The experimental setup to study the pressure drop consisted of three major components: a column. 
blowers and associated piping, and two manometers (Figure 2). The column (155 cm by 61 cm diameter) 
was made of reinforced fiberglass (U.S. Plastics. Lima. OH). The concave column ,floor averaged 23 cm 
above the base, yielding an effective depth of 132 cm. Over 409b of this floor was open and covered with 
an expanded metal and a fine mesh screen to permit airflow and to support the compost material. The top 
of the column was open to the atmosphere. Two blowers (Dayton Electric Mfg. Co., Niles, IL) attached in 

parallel via 5 cm diameter PVC piping provided air flow to the column. A single ball valve controlled the 
combined air flow. Two incline manometers (Dwyer Instruments Inc.. Michigan City, IN) were used in this 
study. A manometer of 0.25 kPa maximum water pressure, calibrated with air flow covering the 
experimental range, was used to estimate the air flow rate. A 0.12 kPa water pressure manometer allowed 
measurement of the column pressure. Both manometers had a 0.0012 kPa precision. 

METHODS 

-- The compost mixture consisted of organic materials in a mass ratio of 19:23: 10: 1 (lettuce: onions: 
poultry litter: sawdust) wet basis. In order to achieve this mixture, 0.091 m3 of lettuce, 0.091 m3 of onions. 
0.04 m3 of poultry litter and 0.005 m3 of sawdust were mixed. A selected volume of bulking material way 
then mixed into the organic material. beginning with the lowest density to be tested. The resulting mixture 
was carefully placed in the column to avoid packing. Starting with the highest flow rate, the air flow valve . ' 
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was set to each of five nominal flow rates (0.0075,0.0107,0.183,0.0274, and 0.0366 m3/s/m2) and 
corresponding pressure drops across the material were recorded. 

gently and replaced into the column for a subsequent set of measurement. After three replicate 
measurements were made for a given bulking agent density, additional bulking agent was added to provide 
the next density. 

After a set of pressurdair flow measurements, the material was taken out of the column, mixed 

Telpack Tripack Saddle 

Figure 1: Synthetic Bulking Agent Shapes 

132 

blowers 

\ 
manometers 

5.1 cm diameter pipe 
-- 

Figure 2: Experimental Setup for Pressure Drop Tests 
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barameter Lettuce Onions Poultry Litter Sawdust 
Moisture (wet basis) 96.17 91.10 22.70 I 1.33 

RESULTS AND DISCUSSION 

42.50 
4.13 
0.20 
10 

99.667 

Table 2 shows the chemical and physical parameters for the four organic substrates. The lettuce 
and onions were above 90% moisture content and below a C:N ratio of 15. 

43.30 31.90 40.40 
3.76 3.71 0.05 
0.69 0.68 0.36 
12 9 792 

42 1.667 383.380 118.OOO 

Table 2: Chemical and physical parameters for substrates 

Particle density (kg/m3) 
Pore space 

679.333 963.667 1023.550 66O.OOO 

0.853 0.52 1 0.623 0.824 

Carbon (dry basis) 
Nitrogen (dry basis) 
Sulfur (dry basis) 
C:N ratio 
Bulk density (kg/m3) 

Figures 3,4 and 5 show the pressure drop in the compost column as a function of the superficial 
air velocity for three selected bulking agents. As expected, increasing the air flow increased the measured 
pressure drop. Moreover, for each of the bulking agents an increase in the bulking agent density resulted in 
a significantly reduced pressure drop. Significant differences are also observed between different bulking 
materials. For example, the measured pressure drop for a compost with 0.00062 m3kg of 1 " Telpack was 
approximately 0.01 8 Pidm at an air, flow of 0.0274 mls. In contrast, the measured pressure drop at an 
identical flow and bulking agent density was 0.025 Walm for 2" Saddles and 0.040 Pidm for pine bark. 
The compost without bulking agent yielded a pressure drop of about 0.070 inches kFWm at this flow rate. 
These differences were validated in a statistical analysis which showed a significant difference (at p e 
0.025) between the trial with no bulking agent and the trials with other bulking agents, and between the 
trials with pine bark and those with synthetic bulking agents. However, there was no significant difference 
when comparing the 1 " bulking agents to the 2" bulking agents. or when comparing any of the bulking 
agents of the same size. 

Figure 6 shows another way to present the pressure drop measurements for I"  Telpack. For each 
air flow. increasing the bulking agent density reduced the pressure drop. The differences in pressure drop 
between the five bulking agent densities was statistically significant (at p < 0.025); the only exception to 
this was between + = 0.00025 and 4 = 0.00045 for the I " bulking agents for which the hypothesis of equal 
means was accepted (p > 0.025). 

A regression was performed to Equation 4 on the pressure drop measurements for each of the 
seven bulking agents and the material without bulking agent, resulting in correlation coefficients a h v e  
95%. The predicted pressure drops resulting from these equations are shown in Figures 3.4 and 5 for 
selected bulking agents. As expected. an increase in the bulking agent density resulted in a decrease in the 
linear coefficient of Ergun's equation. Demonstrating that the linear coefficient. n, is directly related to 
pressure drop. Therefore, the effect that the bulking agent density, $, has on the value of a indicates the 
effectiveness of the bulking agent in reducing the pressure drop. Figure 7 shows the relationship between 
the bulking agent density and the linear coefficient for five of the bulking agents. In each case this 
coefficient decreased with increasing bulking agent density. Moreover, the synthetic bulking agents were 
more effective than pine bark at reducing the value of a at any given density. 

* 

-- 



W I$ = 0.00025 m3/kg 

A I$ = 0.00044 m3/kg 

0.00 0.01 0.02 0.03 0.04 0.05 
U (m/s) 

Figure 3: Measured pressure drop ac,ross column per unit material height (AP) as a function of superficial 
air velocity (U) for 1"  Telpack. Solid curves represent regressions of data to Equation 4 in lext. 
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Fipure 1: Measured pressure drop across column per unit material helght CLIP) as a (unction of superl'lclal 
air velocily (U) for 1" Saddles. Solid curves represent regression3 of d a ~ a  to Equation 4 in I cx t .  
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Figure 5: Measured pressure drop across column per unit material height (AP) as a function of superficial 
air velocity (U) for pine bark and without bulking agent. Solid curves represent regressions o f  data 
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Figure 6: Mrlrsured pressure drop across column per unit material height (AP) as a function o f  hulking agent 

density (@) for I ”  Telpack. 
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Figure 7: Linear coefficient a versus bulking agent density (a). 

The relationship between $ and u was modeled with the following empirical relationship: 

in Equation 5 .  CI and Cz are fitted parameters and a. is the linear coefficient in Ergun's equation for the 
case of no bulking agent. Thus, the dimensionless ratio la0 - aYuo is a measure of the fractional 
improvement in pressure drop: for a bulking agent which provides no improvement in the linear coefficient 
over the case of no bulking agent this ratio will be equal to zero, while for a bulking agent which essentially 
removes pressure drop this ratio will approach one. If the bulking agent density approaches zero ( b  C 0) 
then the term CIb/(C? + $) approaches a value of C I  for any type of bulking agent. For this case the 
fractional improvement in pressure drop should approach I ,  so that the value of C ,  determined by fitting the 
data in Table 3 should be close to I .  When (I = C?, the fractional improvement in pressure drop given by 
Equation 5 becomes equal to CI / l .  If C1= I .  then the fractional improvement in pressure drop i s  0.50 when 

= C2. Thus. this second empirical constant, C?. is a measure of the bulking agent density required to 
decrease the linear form of Ergun's equation by 50%. The greater the value of C, calculated. the higher the 
bulking agent density necessary to affect a change in  pressure drop. Table 3 shows the resulting best-fit 
values for the empirical constants ('2, and C2) in Equation 5 .  The resulting equations are also shown in 
Figure 7 for these selected bulking agents. As Table 3 shows. the value for the constant C, for each bulkins 
agent was indeed approximately equal IO I .  Of the bulking agents tested. the pine bark had the highest 
value of Cz. while 1" Telpack (lowest r' and three data points) and I "  Saddles (five data points) had the 
lowest value of C2. These results demonstrate and quantify the reduction in pressure drop afforded by the 
synthetic bulking agents over pine bark. 
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Bulhng Agent c1 c-2 

Telpack 1" 1.129 0.000340 
Tripack 1" 1.191 0.000394 
Saddle 1"  1.097 0.000242 
Telpack 2" 0.922 O.ooOo74 
Tripac 2" 1.155 0.000447 
Saddle 2" 1.223 0.00042 1 
Pine Bark 1.250 0.001322 

r2 
0.98 1 
0.965 
0.992 
0.793 
0.937 
1 .OOo 
1 .Ooo 

For the pine bark and each of the three 2" synthetic bulking agents, the value of this second-order 
coefficient decreased with increasing bulking agent density. In other words, for these four bulking agents as 
their density increased, the pressure drop became more linear with superficial air velocity. As expected. the 
addition of any of these bulking agents serves to reduce the kinetic energy losses. 

CONCLUSIONS 

The pressure drop data across a column of compost shows a high correlation to Ergun's equation. 
For all bulking agents an increase in the bulking agent density (4) resulted in an almost linear decrease in 
pressure drop. The synthetic bulking agents resulted in a significantly lower pressure drop than the pine 
bark. The 2" synthetic bulking agents resulted in lower pressure drop than the 1" agents. No one particular - 
synthetic bulking agent shape stood out as better than the others across the 1 and 2" sizes. 

The synthetic bulking agents provide an advantage over the pine bark by reducing the head 
differential across a compost reactor. The reduced head differential results in decreased fan power 
requirements, and thus decreased costs. Synthetic bulking agents cannot provide the nutrient and absorbem 
advantages of biodegradable agents; however, the synthetic bulking agents can be recovered after 
composting whereas the pine bark will deteriorate over time. Additional testing should be conducted to 
determine the suitability of Ergun's model for other compost materials and bulking agents. and to determine 
if parameter C? varies with compost material. 

ACKNOWLEDGEMENTS 

The authors thank Sarah Lee and Sheila Powell for their technical support. In addition the 
financial support of the Georgia Food Processing Advisory Council (FoodPAC) and the Georgia 
Experiment Stations i s  gratefully appreciated. 

REFERENCES 

Calderwood. D.L. 1973. Resistance to Airflow of Rough. Brown, Milled Rice. Transactions of the ASAE 
16(3 ):525-527. 

Chen. S. 1980. Resistance of Sewage Sludge Compost IO Air Flow. Masters Thesis. Rutgers University, 
Department of Agricultural Engineering. 

Coker, A.K. 1991.  Understanding the Basics of Packed-Column Design. Chemical Engineenng Ropess. 
November 199 1 .  pp.93-99. 

_ _  
Cooper. S.C. and H.R. Sumner. 1985. Airflow Resistance of Selected Biomass Materials. Transactions of 

the ASAE. 28(4):1309-1313. 

110 



I 

Das, K. and H.M. Keener. 1997. Moisture Effect on Compaction and Permeability in Composts. Journal 
of Environmental Engineering, 123(3):275-281. 

Ergun, S. 1952. Fluid Flow Through Packed Columns. Chemical Engineering Progress, 48(2):89-94. 

Jeris, J.S. and R.W. Regan. 1973. Controlling Environmental Parameters for Optimum Composting. Pan 
IT: Moisture, Free Air Space and Recycle. Compost Science. MarcMApril 1973. pp. 8-15. 

Haug, R.T. 1993. The Practical Handbook of Compost Engineering. Lewis Publishers, Boca Raton. Fla.. 
USA. 717 pp. 

Higgins, A.J., Chen, S., and M.E. Singley. 1982. Airflow Resistance in Sewage Sludge Composting 
Aeration Systems. Transactions of the ASAE. 25(4):1010-1014,1018. 

Hukill, W.V. 1955. Radial Airflow Resistance of Grain. Agricultural Engineering. 36(5):332-335. 

Keener, H.M., Hansen, R.C., and D.L. Elwell. 1993. Pressure Drop Through Compost: Implications for 
Design. ASAE Paper No. 934032. 

Raynes, Mark. 1997. Personal Communication. Fresh Express vegetable processors. 

Reynolds, 0. 1900. Papers on Mechanical and Physical Subjects. Cambridge University Press. 

Scheidegger, A.E. 1957. The Physics of Flow Through Porous Media. The Macmillan Company, New 
York. 

Shedd. C.K. 1951. Some New data on Resistance of Grains to Airflow. Agricultural Engineering. 
17(6):1144-1149. 

Shedd, C.K. 1953. Resistance of Grains and Seeds to Air Flow. Agncultural Engineering. 34(9):616-619. 

Sturos, J.B. 1989. Airflow Resistance of Chunkwood. Forest Products Journal. 39(3): 19-24. 

Suggs. C.W. and A. Lanier. 1985. Resistance of Wood Chips and Sawdust to Airflow. Transactions of the 
ASAE. 28( 1):293-301. 

Vegetables and Specialties Situation and Outlook. VGS-270. 1996. Economic Research Service, U.S. 
Department of Agriculture, Washington. DC. 

List of Symbols Used 
a. b. A. B. C. D. j. k, n = empirically determined parameters in pressure drop correlations (Eqs. 1-4) 
AP = pressure drop per foot depth of grain (inches H20/ft) 
I$ = bulking agent density (ft-'/Ib) 
U = superficial air velocity (ft/min) 

1 1 1  



I 

BIODEGREDABILITY AND NUTRIENT ANALYSIS DURING CRAWFISH 
PROCESSING BY-PRODUCTS AND RICE HULL COMPOSTING 
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Baton Rouge, Louisiana 

ABSTRACT 

Disposal of crawfish processing by-products poses a challenging problem to the rapidly expanding crawfish 
industry. Degradation of mass and nutrient content was determined during co-composting of different mixtures of 
rice hulls and crawfish by-products. This experiment was also undertaken to assess the suitability of recycling 
compost product with additional crawfish by-products. Mixtures containing high p e n t a g e  of crawfish by-products 
had the highest degradability and nutrient content. The reuse of the recycled product induced higher degradation in 
the recycled product as well as complete degradation of the crawfish by-products. 

INTRODUCTION 

Crawfish processing by-products are highly organic and are typically rich in nitrogen (N) and readily- 
degradable organic carbon (C) compounds. These materials begin to decompose very soon after processing. 
Consequently, they become highly putrkent and could potentially create environmental problems if not handled 
and disposed of properly. By contrast, certain agro-indusmal by-products are rich in less-readily-degradable C 
compounds. Examples are rice hulls, bagasse, bark, and yard wastes. These materials degrade slowly under nom1 
conditions (Crawford, 1976). 

By combining the N-rich crawfish by-products with materials high in C, such as rice hulls, the combination 
C:N ratio can be adjusted to within an acceptable range (20-40) to enhance composting without the associated odor 
problems. Earlier, Minkara et al. (1998) demonstrated that when composting crawfish by-products and rice hulls, 
most, if not all, of composting was amibutcd to the degradation of the crawfish by-products. It is because rice hulls 
contain more than 60 % lignocellulose and 20 8 silica on a dry weight basis (Mizuki et al., 1993). These properties 
make rice hulls less susceptible to attack by microbes and consequently degrade very slowly. The slow degradation 
rate of rice hulls allows them to be reused as bullung material by simply adding raw crawfish by-products to the 
previously composted rice hull-crawfish by-products compost. A cost saving in bulk materials is thus realized by 
reusing the rice hulls. 

When designing any compost process. knowledge of compost feedstock degradability is essential (Haug. 
1993). In this study. dry mass and organic matter losses during composting were estimated in order to assess the 
degradability of different rice hull and crawfish by-products compost mixtures. Nitrogen losses and compost nutrient 
concentration were also analyzed to assess the nutrient value of the completed compost product. 

The objectives of this research work were to characterize and compare the degradation rates and nutrient 
values of rice hull-crawfish by-products compost mixtures and to examine the efficacy of adding raw crawfish by- 
products to partially composted rice hulls. More specifically, the objectives were to 1 ) determine dry mass and 
organic matter losses. 2) measure N loss. and 3) estimate nutrient value of the final compost. 

_- MATERIALS AND METHODS 
Experimental setup 

Crawfish by-products were composted with rice hulls in 3-L beakers containing about 600 g of mixed 
material. Crawfish by-products were ground (5 mm) before mixing with rice hulls to facilitate sampling. Three 
replicates of four different mixing ratios of crawfish by-products and rice hulls. were used to obtain initial C:N ratios 
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of 14:1,17:1,25:1 and 42:l. The initial C: N ratio is used as the treatment in a 3x4 factorial experimental design. 
The 12 reactors were placed in an environmental chamber (Lab-Line Instruments, Melrose Park. IL) having the 
capacity to control temperature between 25 and 70 'C. 

Three separate runs were performed. A new batch of crawfish by-products was added to the finished 
product of the first run identified as phase I. This second compost process was identified as phase II. As the 
degradation rate of phase II slowed, raw crawfish by-products were again added to begin phase III. 

Sampling and Measurement Procedure 

Samples were taken once weekly from each reactor to determine moisture, volatile solids, organic-C, and 
total-N concentrations. Water was added when necessary to maintain optimum moisture conditions in all reactors 
(4045% wet basis). The compost was turned manually 3-4 times weekly to homogenize the mixture. Compost 
percent oxygen concentrations were measured four times weekly to confirm aerobic conditions. 

Moisture content was determined gravimetricly at 60'C (APHA et al., 1992). After drymg, samples were 
ground to 150.mtSh size, thoroughly mixed and stored in air-tight containers for furtba analysis. Approximately 3 g 
sub-samples were combusted at 550 "c to determine volatile solids content. About 20 mg subsamples were used for 
organic C and total N determination using a Heraeus model CHN-0 Rapid Analyzer. Elemental analysis of compos1 
expct  was determined for the initial mixture and the final product of each phase by the Inductively Coupled Plasma 
(ICP) method (APHA et al.. 1992). Percent oxygen in the compost air space was mtasurcd using a model OT-21 
oxygen probe (Demista Instnunents, Wheeling, IL). 

Determination of Organic Mass, Dry Mass, and N Losses 

Degradation of organic matter is generally determined by a mass balance of the input and output materials. 
The mass lost during the process represents the total degradation. Dry mass degradability was determined to 
compare the degradability of rice hull-crawfish by-products compost during the thrcc different phases of the 
experiment. Measuring total mass during the composting process is not always practical and cost-effective due to 
handling of different feedstock and the large volume produced. However, measurement of volatile solids 
concentration is feasible and a common practice, since aerobic biological activity decreases the volatile solids 
content by converting organic C to CG. Volatile solids concentration during composting is then used to estimate 
organic matter degradation. 

Organic matter degradation, KOM (%), was stated by Haug (1993) according to the conservation of ash. 
Total dry mass degradation, Kd, (%), is then calculated as a function of KoM and initial volatile solids concentration 
(Minkara, 1998). Also, knowing the initial dry mass and &,, at any time (t), the dry mass can be estimated at any 
time (t) during the composting period (Minkara, 1998). 

Nitrogen mass balance is used to determine N loss during and afier the composting process. Total N losses 
is estimated from the N concentration and dry mass after a time t of composting (Wnkara. 1998). 

RESULTS AND DISCUSSION 

Changes in Organic Matter (Volatile Solids) and Total Dry Mass 

During all three phases of thc experiment, volatile solids content was reduced with the advancement of the 
biochemical reaction. Initial mixtures having higher C:N ratio tended to have higher volatile solids content as well. 
Initial volatile solids contents of 68.4.72.6,76.2, and 80.9 %, were obtained from mixtures having initial C:N ratios 
of 14. 17.25, and 42, respectively. Raw rice hulls and crawfish by-products have volatile solids content of 81.3 and 
62.1 8, respectively. During phase I, volatile solids content decreased to values of 63.0.69.3.73.5, and 79.3 % for 
the CN 14, CN 17, CN 25, and CN 42 treatments, respectively, by the end of the 4O-day period (Figure 1). 

-- 
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Figure 1 .  Volatile solids concentration (%) and total dry mass (g) versus time (Days) for the four treatments 
during phase I. Data are means of mplicate samples. 
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Phase II was initiated by recycling the product of phase 1 with a batch of crawfish by-products. Crawfish 
by-products were added at different amounts to each of the earlier treatments to obtain C:N ratios of : 11.13.15. and 
20 and initial volatile solids content of 60.3,64.1,70.4, and 72.9 8, respectively. During phase II, volatile solids in 
the reactors were continuously decreasing to values of 50.2.55.5.65.7 and 67.9 96, for CN 11, CN 13, CN 15, and 
CN 20 treatments, respactively, at the end of the M y  period (Figure 2). 

Phase III was initiated by recycling the product of phase II with a new batch of crawfish by-products. Initial 
C:N ratios became as follow: 10, 12, 13. and 14 and initial volatile solids contents were 52.9.55.2.59.9. and 62.1 %, 
respectively. In this phase. although all four treatments had relatively similar initial C:N ratios, their initial volatile 
solids contents were significantly different. Volatile solids in the reactors continuously decreased and they reached 
values of 38.7,40.0,49.5 and 51.2 96, for CN 10, CN 12, CN 13, and CN 14 treatments, respectively. at the end of 
the experiment (Figure 3). 

Total dry mass for phase I had a different trend than for phase 11 and III (figures 1.2, and 3). In phase 11 
and III, total dry mass experienced a sharp decline as commonly observed during tbe early stages of composting. 
This decline meant that substrate was readily available for microbial consumption. For phase I, acclimation of 
microbial population to the newly mixed feedstock delayed this p b e n o m ~ ~ .  Total dry mass reached a steady state 
toward the end of each phase implying the exhaustion of the substrate. 

The total dry mass loss and organic matter degradation for each treatment during each phase are shown in 
Tablk 1. In general, treatments with the lowest percentage of initial volatile solids had the highest loss of dry mass 
and organic matter. Although the percentage of crawfish by-products added was about the same at the beginning of 
phases I, II, and III, for treatment 1 (CN 14, CN 11, and CN 10) and for treatment 2 (CN 17, CN 13, and CN 12), the 
yield was higher for phase III than phase If or phase I (Table 1). Also, for treatments 3 (CN 25, CN 15, and CN 13) 
and 4 (CN 42, CN 20. and CN 14). the yield was higher during phase III than phase II, although a similar percentage 
of crawfish by-products was added. This implies that the degradability during phases II and III is not contributed to 
the added crawfish by-products alone, but also to the recycled materials. So the addition of crawfish by-products has 
provided an extra means for further degradation of the recycled product. In his model. Haug (1993) has considered 
that recycle product does not contribute any biodegradable fraction of volatile solids by assuming that the entire 
biodegradable fraction was consumed during the earlier cycle of composting. The results of this study seem to 
contradict his findings. 

Changes in Total N 

Initial N concentration varied in each mixture according to the ratio of crawfish by-products added to the 
amount of rice hulls or recycled compost. The initial N concentrations, for phase I were 28.7.23.2. 16.4, and 10.1 
mg/g (dry mass basis) for CN 14, CN 17, CN 25, and CN 42 treatments. During phase I, nitrogen concentration in 
all mixtures was continuously decreasing over the 40-day incubation period to final values of 10.5,10.1,8.2, and 6.7 
mg/g. respectively (Figure 4). When the product of phase I was recycled with more crawfish by-products, N 
concentration became 28.0.26.9.23.7. and 19.5 mg/g corresponding to new C:N ratios of 11, 13. 15, and 20, 
respectively. Also, in phase 11, N concentration for all treatments dropped simultaneously to final values of 12.0, 
11.5. 10.1. and 8.5 gkg  for CN 11, CN 13, CN 15, and CN 20 treatments, respectively (Figure 5) .  The treatments in 
phase I11 having initial N concentrations of 29.4.25.8,26.0, and 25.0 mg/g corresponded to initial C:N ratios of 10, 
12, 13, and 14, respectively. Final N concentration (dry mass basis) was observed for all treatments in phase 111 to 
be between 13.5 and 14.5 mg/g (Figure 6). Final N concentrations were the highest in phase 111 for treatment having 
similar initial N concentration. 

Nitrogen content in each reactor was continuously decreasing through out the composting period (figures 4. 
5,and 6 and tables 2.3, and 4). Treatments with the highest N content observed the highest drop. This drop 
occured during the first 10 days due to high NH, volatilization. After the second week, N content tended to level off 
between 2 and 4 g Nlreactor or a N concentration between 6 and 14 mglg. 
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Figure 2. Volatile solids concentration (5) and total dry mass (g) versus time (Days) for the four treatments during 
phase 11. Data are means of triplicate samples. 

116 



m 
0 
c 

t- 

85  

15 

6 5  

4 5  

4 5  

35  

365 

31 5 

265 

215 

165 
0 

+CN 10 -CN 12 +CN 13 *CN 14 

1 

1 
- t C N  10 --CN 12 -t-CN 13 *CN 14 

10 20 30 

Xme (Days) 

40 
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Table 1. Final organic mattcr degradation (KOM,%), dry mass loss (&96), and percent dismbution (dry mass 
basis) of Crawfish by-products, rice hulls or recycled compost in feedstock having initial volatile solids, 
VSi (96). for phases I, XI, and III. Values are means of triplicate samples. 

Phase i 

Treatment VS (%I Rice Hulls (%) Crawfish By-products (%) b(%) I(,,,(%) 

CN 14 68.4 47 53 21.3 14.6 

CN 17 72.6 57 43 14.8 10.8 

CN 25 762 73 27 13.6 10.3 

CN 42 80.9 84 16 9.6 7.8 

Phase It 

Treatment VS (%) Recyded Compost (%) Crawfish By-Roducts (%) KOM (%) & (%) 

CN 11 60.3 50 50 33.4 202 

CN 13 64.1 56 45 30.4 19.5 

CN 15 70.4 57 43 19.5 13.7 

. CN20 72.9 62 38 21.5 15.7 
Phase 111 

Treatment VS(0h) Recycled Compost (X) Crawfish By-Products (%) KoM(%) &(%) 

CN 10 52.9 '53 47 43.8 232 

CN 12 552 59 41 46.0 25.4 

CN 13 59.9 60 40 34.5 20.7 
CN 14 62.1 63 37 35.9 22.3 

b 
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Figure 4. Mean total N concentration (mdg) and content (g N) per reactor versus time for the four treatments during 
phase I. 
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CN 14 CN 17 CN 25 
Erne g N h t  %NLostot ~ N h t  % N h t  gNLost % N b t  

_(Days) pe r Reactor l n i i  Amount per Reactor Initial Amount psr Reactor lniial Amount 
0 0 0 0 0 0 0 
7 4.35 43.1 3.60 47.0 2.22 46.0 

26 6.49 64.3 4.68 61.2 2.66 55.1 
39 6.96 68.9 4.95 64.7 2.91 60.2 

14 5.00 49.6 4.35 56.8 2.62 54.2 

CN 42 
~ N L o s t  %NLost 

per Reactor Initial Amount 
0 0 

1.56 36.7 
1.14 39.1 
1.15 39.5 
1.18 40.5 

CN 11 CN 13 CN 15 
Time ~ N L o s t  %NLostof gNLost % N W  QNLOSI % N h t  
(Days) Pe rRoactor InitirlAmount psrReactor hnialA"l p.rR.actw MtialAmount 

0 0 0 0 0 0 0 
6 3.55 45.1 4.14 52.3 2.96 52.2 

20 5.03 63.9 4.79 60.5 3-35 59.2 . 37 5.18 65.7 5.19 65.5 3.59 63.4 

Table 4. Average N loss from each treatment, for phase III, expressed as the cumulative mass loss and percentage 
loss from initial amount. , 

CN 20 
~ N L o s t  OkNLost 

p.rReactor InitialAmwnt 
0 0 

2.01 46.7 
2.27 52.7 
2.73 63.3 

i 

CN 10 CN 12 CN 13 
x m  g N b t  %NLostd gNLort XNLr r t  gNLost %NLort 

perkactor -Amount per- lrritwknourt perR8actor I n i t i s I M  
0 0 0 0 0 0 0 
15 4.64 56.2 4.20 55.3 828 52.9 
26 5.16 62.5 4.66 61.4 3.55 57.2 . 45 5.16 62.6 4.61 60.7 3.59 58.0 .. 

CN 14 
9 N h t  %NLost 

PorReector IniWAmowt 
0 0 

3.38 61.2 
3.32 60.1 
3.19 57.8 

c .  

. .  

r:  
t 

Characterization of Final Product 

Nument analysis of compost samples showed that repetitive addition of crawfish by-products increases the 
concentration of important numents like P. K. Mg, Mn. S, and Ca (tables 5 and 6). These high concentrations 
provide plant nutrients and improve soil quality. qlthough high concentration of Na may cause damage to crop, the 
concentration of Na in crawfish compost remains lower than poulfq litter compost (Lu et al.. 1997). It was noted 
earlier that multiple addition of crawfish by-products reduces the volatile solids concentration (i.e. increases ash 
concentration). Since Ca is a major constituent of ash, the increase of ash concentration led to an increase in Ca 
concentration as well. This is why final Ca concentration ranged betwccn 110-150 mg/g. At the end of the 
experiment. the treatments receiving the highest amount of crawfish by-products have the highest final nument 
concentration. The concentration of Si did not vary significantly among treatments 

CONCLUSIONS 

Biodegradability analysis conducted in this experiment showed that rice hulls and crawfish by-products can 
-- be composted when initial C:N ratio is within 10-42; however, mixtures containing a higher percentage of crawfish 
by-products to rice hulls or recycled product. tend to degrade at a faster rate. The results also showed that the initial 
Table 5. 
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Table 5.  Selected properties of initial compost mixture for all treatments (mg/g). 

Treatmnt K P Na Mg Mn Ca S Si 

CN 10 3.3 3.6 2.6 0.88 0.17 50.5 1.9 0.09 

CN 12 3.1 3.0 2.1 0.78 0.17 41.3 1.5 0.11 

CN 13 2.7 2.1 1.6 0.64 0.18 26.6 1.2 0.12 

CN 14 2.1 1.2 0.9 0.49 0.18 12.8 0.9 0.13 
=DO.,* 0.1 0.5 0.2 0.08 0.01 7.9 0.3 0.02 
* Least significance difference 

Table 6. Selected properties of final compost product for all treatments (mg/g). 

Treaoxnt K P Na Mg Mn Ca S Si 
CN 21 6.3 10.2 5.5 2.4 0.34 150.6 3.6 0.068 
CN20 5.9 9.4 5.0 2.3 0.33 138.9 3.4 0.075 
CN 17 5.6 8.0 4.5 2.0 0.32 118.4 3.0 0.064 
CN 18 5.3 7 -5 4.1 1.9 0.30 111.0 2.9 0.065 

LSDO.oS* 0.3 0.4 0.2 0.1 0.01 6.1 0.1 0.02 

* Least sipifmace difference 

C:N ratio is not a good indicator of the subsequent composting of feedstock. In addition to N availability, the extent 
of C degradability must also be taken into account, The addition of a nitrogenous feedstock. such as crawfish by- 
products, to recycled compost had a positive effect in improving the degradability of the recycled compost and the 
nutrient concentration of the final compost product. Rice hulls, having good structural property (i.e. high porosity, 
low bulking density), proved to be an excellent bulking agent for composting crawfish by-products which in turn 
provided readily available substrate for microorganisms. Further research is needed to quantify the degradation of 
different lignocellulotic materials during repetitive composting with nitrogenous feedstock. 
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THE BENEFICIAL USE OF COMPOSTED PAPER MILL SLUDGE 
AND ANIMAL, WASTE FOR AN INDUSTRIAL LANDFILL CLOSURE 

G. David Garrett, P.G., Principal 
G.N. kchardson & Associates 

Raleigh, North Carolina 

INTRODUCTION 

A 28-year old paper mill landfill in western Massachusetts was closed in 1997 using the mill’s own wastes as final 
cover materials. Th~s final cover design incorporates a soil-like paper mill primary clarifier sludge in lieu of 
compacted clay as the side slope infiltration banier. A conventional PVC flexible membrane and synthetic drainage 
media were used to limit mfiltration on the flatter landfill cap, but this covers a relatively small surface area. A 
relatively thick (30 cm) vegetative support layer consisting of composted blend of primary clarifier sludge, food 
wastes and animal manure was substituted for topsoil over the entire landfill. Water balance concepts were used to 
demonstrate that these permeability values, hgher than typically required for compacted clay bamers in many 
jurisdictions, are sufficient to limit post-closure side slope mftltration to less than 3 percent of the total precipitation. 

llqs project tumed several unique waste products into viable landfill final cover material, which has long reaching 
implications for closure of industrial and municipal landfills, as well as generators of soil-like industrial wastes and 
agribusiness concerns. Paper mill wastes have been demonstrated through various studies to serve as a suitable soil 
substitute, in addition to a soil enhancement. This project conserved both land and material resources, but the 
project owner estimates that the unique fqal cover design saved his company over %2M in final closure costs, 
relative to a traditional cover. Cooperation with agribusiness provides t h ~ s  mill with a long-term alternative to land 
filling, which reduces future disposal costs and creates new outlets for beneficial use of the waste. 

FINAL COVER MATERIAL PROPERTIES 

Paper Mill Waste. Paper mill primary clarifier sludge, when partially dewatered, can be engineered and worked 
much like a soil. This specialty paper waste is a non-hazardous 3: 1 blend of mmeral filler (kaolin and titanium- 
dioxide) and short pulp fiber. The material is belt-fiher pressed to achieve roughly a 50% solids content. The high 
mineral content enhances the soil-like characteristics. at once lowering the hydraulic conductivity (permeability) but 
limiting shear strength when wet. The combined effects of the mineral and fiber contents caused high moisture 
retention. which was a significant factor in engineering a closure for this landfill. 

Geotechnical laboratory tests indicate that the waste exhibits a liquid limit of 256 and a plasticity index of 133. 
These values confirm a strong affinity for water. Tested field-moist unit weights were 1.26 gmlcm’ (80 pcf), with 
dry unit-weight based moisture contents of 270 percent. Dry unit weights were estimated at 0.34 gmlcm’ (20 pcf). 
The moisture-density properties and high sensitivity are typical of a low-strength material. Undrained triaxial shear 
strength testing resulted in an internal friction angle of 43“ and cohesion of about 0.1 16 kg/cm’ (200 psf). The 
laboratory shear strength values are misleading. though, because the waste is soft and heavy when wet, resulting in 
difficult access and requiring specialized handling and placement. 

Agricultural Compost. A composted mixture of the paper mill sludge and other byproducts was developed (with 
the mill’s participation) by a third party agribusiness. The compost consists of 30% high mineral-fill paper sludge, 
30% institutional organic food waste, 30% chipped wood and yard wastes and 10% chicken manure. At the 
composting facility, the blended materials are placed in windrows. tumed after 30 days, then allowed to stabilize for 
an additional 30 days, prior to screening. The resulting product is exhibits a topsoil-like texture and a rich, earthy 
color. with no objectionable odor or runoff. The paper mill sludge serves as a bulking agent and is the key agent to 
laboratory permeability tests results on the order of 10‘  IO 10” cdsec.  

Normally, each of these waste products would require disposal space. The compost was placed over the compacted 

exhibited easy handling characteristics. contrary to the non-composted wastes, and is not susceptible to erosion. 
- sludge to serve as the vegetative support layer for the entire landfill. in lieu of imported topsoil. The compost 
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Vegetation is an essential part of the water balance cover design. The composted blend did not require fertilizer. 
Grass seed germinated in just a few days and healthy vegetation was established in a matter of weeks. The only 
apparent drawback was some isolated pockets of vegetative &stress, believed to be caused by methanogenesis 
within relatively fresh sludge placed on-slope prior to the final cover, but not due to the compost itself. 

WATER BALANCE DESIGN CONCEPTS 

Final Cover Infiltration - The purpose of a final cover is to reduce surface water infiltration to the waste. The final 
cover for the paper mill landfill was modeled with water balance calculations, which consider long-term climatic 
effects and specific conditions, e.g. slope geometry, vegetation, permeability, porosity. These calculations are based 
on relatively simple concepts that borrow from hydrogeology, soil mechams and agncultural engineering. A 
simple water balance model for a single layer soil system is shown in Figure 1. 

The mass balance equation for the soil surface is: 
I 

R = F + E T + R O  

R = 1 r dt, r -5 steady ramfall rate 

F = 

Where: 
0 ,  

f dt = F,, f = infiltration rate 
0 

F2 

I 1 

Figure 1 - Water Balance Model I 

I S = Surface Storage 
ET = Evapotranspiration 

RO = Direct Runoff 

= o  

The texms R and F can be considered as flux rates with units of [LJT]. Consider a steady rainfall associated with a 
24-hour, 25-year storm, which might total 6 inches. The equivalent flux rate impinging on the ground is 0.25 
incheshour. Now consider a soil layer with a saturated hydraulic conductivity, K,. of 1 O4 cm/sec, or an equivalent 
flux of 0.142 incheshour. At the onset of rain, the infiltration capacity. f,, or boundary flux is govemed by the 
capillary suction forces within the pore space but cannot exceed the rainfall rate, as shown in Figure 2. 

The infiltration capacity, hence the boundary flux, decreases with time due to the reduction of the capillary forces as 
the pores near the surface fill with water. At time, 6, when the surface pore space becomes saturated, runoff begins 
and the infiltration rate across the top boundary is limited saturated hydraulic conductivity. For a design storm 
event, $ is relatively short compared to the duration of the rain, t, so the variation is typically neglected infiltration 
rate, f, is assumed to equal &. The cumulative infiltration, F, is calculated as & multiplied by time, t. 

The fate of the water once it enters the soil system is of interest for completing the water balance calculation. The 
surface soil has a porosity that may vary up to 50%, that is. the potential volumetric pore water storage capacity is 
0.5. This varies with soil type, compaction effort and root penetration. The available volumemc water content, 6. 
contained within the pore space can vary from near zero (in extreme drought conditions) to the full porosity value 
(completely saturated) depending on prevailing climatic conditions. 

As the available pore space becomes saturated, a ‘wetting front’ moves downward through the soil, more from the 
influence of capillary suction forces than from gravity. The available storage in the surface layer of a soil cover 
system is expressed as the difference between the total porosity and the initial volumetric water content, multiplied 
by the average layer thickness. 

-- During a seasonal or climatic wetting and drying cycle, the stored pore water at any given time is likely somewhere 
between dry and completely saturated. and the remaining pore space is available for storage of infiltrated water. In 
penods of drought or high potential evaporation conditions, the stored pore water is radiated back to the 
atmosphere, assisted by plant uptake. During wet spells or low evaporation conditions, pore water may migrate 

‘. within the surface layer either as lateral seepage (parallel to slope) or as vertical seepage. The availability of water 
to migrate through the bottom of the surface layer is described by the mass balance equation: 
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F, =STO+TS+F2  

STO = Soil Storage, 8, - Bi 

8, = Saturated Volumetric Water Content 

€li = Initial Water Content 

TS = Tangential Seepage 

Where: 

May require drainage in surface layer 

F, = Infiltration Below Surface Layer 

! 
1.U I 

I 

Figure 2 - Infiltration During Rainfall 
(becomes leachate in a single-layer system 

In a landfill side slope cover, compacted soil layers offer anisotropic conditions that provide preferential pathways 
to seepage movement. The lateral or tangential seepage can be modeled as a confined porous layer, with the 
seepage rate governed by the horizontal saturated hydraulic conductivity, &. The vertical seepage, e.g. percolation 
into a deeper soil layer or into the waste, is controlled by the vertical saturated hydraulic conductivity, &. 
Typically, K,, is 2 to 4'times K, in a compacted embankment or similar earth structure. 

The vertical seepage or flux at the bottom of a given soil layer is limited by the lesser hydraulic conductivity on 
either side of the soil boundary. This is the 'path of lesser resistance' concept that forms the basis for the compacted 
barrier layer. Ostensibly, if the lateral conductivity of the surface layer is greater than the vertical conductivity of 
the barrier layer by at least an order of magnitude, the water in the surface layer is 10 times more likely to migrate 
as tangential seepage within the surface layer, rather than migrating down into the barria layer. This concept is 
useful for modeling the removal of water from within the final cover system, and can be put into practice in the field 
by careful selection of cover soils. The tangential seepage component can be substantial, possibly requiring 
drainage to prevent excess pore pressures within the cover layer. 

Tangential seepage, along with direct runoff and evapotranspiration, are the primary mechanisms that remove water 
from the final cover system, thus limiting infiltration to the waste. The process of water removal from the cover 
soil. i.e. 'infiltration recovery,' is enhanced by a well developed vegetative root system, which hc t ions  to 

1. 
2. 
3. 

increase the soil porosity and pore water storage capacity, 
provide a preferential lateral seepage pathway, and 
enhance evaporation of pore water through root uptake. 

Computerized modeling of final cover system balances precipitation and temperature and vegetation dependent 
evapotranspiration. e.&. Thomthwaite's equation, with estimated soil moisture levels. On a yearly basis with typical 
climatic conditions. PET can usually be shown to far exceed precipitation even in the wettest of regions. In other 
words. the annual water balance is negative. so provided that pore water storage within the surface layer is adequate, 
i.e. there is sufficient layer thickness and healthy surface vegetation, the calculated infiltration is relatively low. In 
practice. conventional final cover construction techniques result in built-in secondary porosity, e.g. clodding and/or 
inconsistent compaction. Conventional final covers lose long-term effectiveness due inherent drawbacks. described 
below. or due to loss of vegetation is that leaves the surface susceptible to erosion and dessication cracking. 

CONVENTIONAL FINAL COVER DESIGN DRAWBACKS 
-- 

Many replatory jurisdictions require a maximum permeability of I .O x lo-' cmisec within the compacted clay layer 
over the entire landfill surface. This requirement is unrealistic for many industrial landfills, because the covers are 
constructed mainly on slopes, not level ground. The soft, highly compressible wastes yield under the weight of 
construction equipment. making the surface inaccessible to construction equipment. Compaction of clay over the 
yielding waste to meet the permeability requirements would have been difficult to achieve, if not impossible. 
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The biggest drawback to compacted clay covers is the tendency for cracking, typically through desiccation, wfuch 
leads to increased surface water lnfiltration and promotes instability or ground water contamination. In colder 
climates, cracking and increases in permeability can be brought on by cyclical freezing and thawing. Nearly all 
wastes, including paper mill wastes and MSW, undergo long-term settlement, whch induces cracking and loss of 
positive surface drainage. Crackmg renders a conventional clay cover ineffective in a just a few seasons. 

Compacted clay barriers typically add $20,000 to W0,OOO per acre to the cost of the final cover. In areas where 
suitable clay is scarce, e.g. western Massachusetts, estimates for imported clay may run as much as $25 per cubic 
yard, which can add $ IOOK per acre to the estimated landfill closure costs. Surface stabilization techniques 
required for construction of a conventional clay cover would have further added to the cover construction costs. 

Many final cover designs incorporate flexible membranes with other geosynthetic components as the infiltration 
barrier. Such designs are accepted in nearly all regulatory jurisdictions and are in wide use. Though not as sensitive 
to settlement, synthetic membrane covers are not without drawbacks. Besides the initial capital costs, similar to that 
of a compacted clay barrier, side slope stability is a big concem. Numerous landfill cover failures have been 
attributed to veneer sliding of the cover soil above a flexible membrane, typically destroying the membrane itself. 

More times than not, veneer failures are caused (or exacerbated) by inadequate internal drainage, i.e. build up of 
excess pore water pressure in the cover soils above the membrane. Pore pressure buildup can be prevented through 
the use of synthetic drain layers, but this can easily double the cost of a synthetic cover. In addition, the placement 
of geosynthetic components in contact on side slopes steeper than 4H: 1 V has been shown to create a potential low- 
hction interface boundary that can also promote veneer instability. 

A problem mherent to both compacted clay barrim and synthetic covers is the tendency to trap the mherent 
moisture in the waste through the preventjon of upflux. This can be a contributing factor to excess pore pressure 
buildup in side slopes constructed of paper mill wastes. The high initial moisture contents can persist indefinitely if 
drainage is inadequate and upflux is limited. An often overlooked problem is that the lack of upflux cuts off 
sustaining moisture to the vegetative cover during periods of drought. This conmtion promotes erosion and 
contributes to higher vegetation maintenance costs - in some cases, irrigation is required. 

CONCLUSIONS 

This project is a showcase of innovative technologies that turned several waste msposal liabilities into several 
economic and environmental benefits. The water balance cover design, with its less stringent permeability 
requirements, and the use of select industrial wastes and composted waste blends in lieu of soils, offer reduced 
construction cost relative to conventional landfill final cover designs. The composted paper mill and animaYfood 
waste required no fertilizer, nor is the compost susceptible to erosion. The composted blend offers resistance to 
dessication with year-round support of vegetation. These key requirements for stability and final cover performance 
ultimately translate into reduced long-term cover maintenance costs. All of the waste products used to make this 
cover would normally require disposal space elsewhere. This effort conserves land and other resources. 

Composting can provide select indusmes with a long-term waste disposal method that is less costly than traditional 
landfill disposal. Throughout the United States, emphasis is being placed on waste reduction, natural resource 
conservation, and the beneficial reuse of waste products in lieu of raw materials. The innovative use of paper mill 
residuals and other industrial byproducts as a component of “manufactured topsoil” or, even more simply, as daily 
cover for municipal landfills. can be used to solve difficult and expensive solid waste disposal problems. Mining 
and minerals processing, paper/pulp and other heavy indusmes annually produce thousands of tons of soil-like 
waste materials that can be composted with agribusiness wastes for beneficial use. These alternative disposal means 
require a certain degree of regulatory “buy in.” thus more effort is required on waste generator’s part than simply 
signing a contract with a waste hauler. However, the potential cost benefits far outweigh the effort. 

h i s  unique landfill closure met with strong re_eulatory support and required relatively minimal permitting effort. 
Landfill airspace is finite, and as future permitting and landfill construction, i.e. disposal costs, for new landfills 
inevitably becomes more expensive, altemative uses of indusmal waste products, including composting and soil 
substitutes, becomes a sensible solid waste solution for both public and private sectors. Through beneficial use 
demonstrations, alternative waste disposal concepts will gain wider acceptance, alleviating permitting concerns. 

’ 
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INTRODUCTION 

Over 70% of the recyclable organic solid wastes produced by the U.S. pulp and paper industry are presently 
landfilled. A single mill in Georgia produces about 100,OOO dry tons of solid wastcs a year. At moisture contents of 
50-908, disposal of these materials costs the company about a million dollars each year. Interest in reducing cost 
and exploring more sustainable solutions through reuse, has lead to the identification of four compostable waste 
streanp, namely, sludge, bark (wood yard debris), grit and ash. Research literature suggests that composting can be a 
suitable treatment that eliminates the usual problems of solid waste by (1)improving handling characteristics of 
sludges and ash, (2)reducing weight, moisture content and volume, and (3)removing nuisance due to odors. The 
resulting product has increased storability and improved physical characteristics and a balanced nutrient base 
suitable for high rate application in agriculthre, forestry, landscaping and related industries. 

Sludges from pulp and paper mills are mainly celtulose fiber generated at the end of the pulping process 
prior to entering the paper machines. They are composed essentially of fibrous fines and some inorganics such as 
kaolin clay, calcium carbonate. titanium dioxide and other chemicals used in the specific manufacturing process. 
The fibrous fines are 59-72 96 (dry basis) cellulose. 6-16 6 lignin and 7-10 % hemicellulose (Sosulski and 
Swerhone, 1993). Ash contents in the sludges range from 10 to 70 55. The high cellulose, lignin and ash contents 
make the material rather siowly degradable by microorganism. Hence, providing an environment that enhances 
growth of cellulolytic organisms such as Trichoderma spp. (Lynch and Wood, 1985) will be key to accelerating 
stabilization. 

Carter (1983) reported the successful full scale composting of primary and secondary sludges bulked with 
bark. Comparing the product with other commercial composts and peat, Fitzpartick (1989) reported that Dwarf 
oleander growth was significantly better in this compost than in peat and at least one.other commercial compost 
blend. Cellulose degradation from an initial 40% (dry basis) to a final 19% was observed during composting 
primary sludge. bark and nitrogen fertilizers as amendment (Valente et al., 1987). The process of accelerated 
windrow with forced aeration took a minimum of 60 days and in some cases 90 days. Higher degradation rates were 
found when the material was inoculated with bovine manure which could have introduced a population of cellulose 
degrading microorganisms, thus accelerating the process. A 3: 1 v/v mixture of refiner mechanical pulp (RMP) and 
chemimechanical pulp (CMP) was composted by Campbell et al. (1991). The material composted just as well with 
urea amendment as without. The mixture heated to 60°C within 2 days and stayed above 45°C for over 14 days. 
Moisture reduced from 55% to 33% over a 6 week period. No significant loss in dry matter was noticed in that 
study. In another study, Campbell et al., 41995) reported composting a blend of bleached krafVNSSC primary 
sludges, ash and paunch (cattle stomach contents as nitrogen source) from a slaughterhouse. They report significant 
reduction in dry matter, up to 50 % of the initial. The nutrient balance stabilized from an initial C:N of 270 to a final 
of 14-67. _ _  Increased fraction of ash in the blend produced a more agronomically valuable compost. 

In this project, our objective was to quantify the operational steps in the composting of typical pulp and 
paper mill solid wastes. namely. sludge. bark (wood yard debris) and ash. Rapid composting of these high carbon 

' .  solids requires a blend with optimal moisture, porosity and nutrients (C/N ratio). The evaluation of mixes and 
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nitrogen supplement both as mineral fertilizers and organic forms (chicken litter) were the overall objectives of this 
project. The specific objectives were : 

1. Determine the best blend of primary sludge, gnt, bark, ash and a nitrogen source 
that maximizes degradation and stabilization during composting, 

2. Compare ammonium nitrate and poultry litter as the two nitrogen amendments, 
3. Determine the minimum amount of amendment required for composting, 
4. Characterize the stability and nutrient values of the final compost product, 

MATERIALS AND METHODS 

Primary sludge, bark (wood yard debris), gnt and wood ash were collected from the Weyerhaeuser pulp mill located 
in Oglethorpc, Georgia, USA. Poultry litter was obtained from the Poultry research center of the University of 
Georgia in Athens, Georgia. Ammonium nitrate was purchased as bags of fertilizers from a local fann supply store. 

Initial physical and chemical properties testing were measured on six samples from each feedstock obtained at 
different sampling times ranging over six months. Moisture content was evaluated by d y n g  about 200g of sample 
in an oven at 105°C for 24 hours. After complete drying, the sample was finely ground and incinerated at 550°C for 
6 hours to estimate the volatile solids and ash content. A portion of the ground sample, about 50g was used for 
chemical and nutrient analysis. Total carbon and total nitrogen contents were evaluated using a Leco CNS analyzer. 
Mineral contents were measured by first preparing the sample by incinerating in a muffle furnace for four hours at 
500°C (to remove organics) and dissolving the residual ash in aqua regia. The extract was analyzed using an 
inductively coupled plasma atomic emission spectrometer. A known standard material (apple leaves) was 
simultaneously analyzed to ensure mqurement accuracy. If measurement error based on the apple leaves were 
greater than 15% the readings were discarded. 

Germination index (phytotoxicity) was evaluated using the cress seed germination test described in the Washington 
State Interim Guidelines (1994). A 0 . 4 5 ~  filtered water extract of the compost was produced and water cress seeds 
were added to 2mL of the extract placed in a petri dish and allowed to incubate at 30°C for four days. At the tnd of 
four days. the percentage of secds germinated and root length of the germinated sceds were measured and expressed 
as percentages of a control (distilled water) germination plate. The germination index was calculated as the product 
of the percentage germination and the root length. The pH of the material was measured after dissolving 25 mL of 
the compost sample in 50 mL of distilled water and placing in a shaker for 15 minutes. The extracr was filtered 
through a coarse filter and pH was measured on the filtrate. 

Pilot composting was done in stainless steel vessels with a diameter of 38.lcm. depth of 49.5cm and a volume of 
56.8L. The vessels were insulated with 7.6cm of foam insulation to minimizes conductive heat loss thereby 
simulating an environment within a large compost pile. Temperature of the material in the vessel was monitored 
using T-type thermocouples at two locations. 25.0 and 37.Ocms from the surface. Vessels were aerated using a 
temperature feedback control with an adjustable set point that was set at a predefined temperature, e.g. 55°C. When 
the compost temperature exceeded the set point, air was continuously introduced to the vessel at a rate of 40.8 
”/day. When the temperature of the compost was below the set point. air was introduced intermittently based on a 
timer providing aeration for 30 seconds in every 20 minutes. The resulting effective aeration of 1.02 m3/day was 
designed to provide sufficient oxygcn (>6% residual oxygen) to maintain aerobic microbial growth. Solenoid valves 
activated the airflows into the vessels and every event of valve opening and closing was recorded to a datalogger. 
Hence. the total airflow into each vessel .was accurately calculated. An automatic sequencer extracted headspace gas 
from each vessel successively at a rate of 1 Umin for a period of 210 seconds every hour. After clearing sampling 
lines for 180 seconds. the gas stream was passed through gas analyzers to measure residual oxygen and carbon 
dioxide concentrations. Gas analyzers were calibrated using standard gas once a day. Compost temperature, gas 
analyzer data, airflows and measured ambient air temperature and humidity were written to a data logger once every 
hour. 

-- 

At the start of each composting trial. weighed quantities of materials at known moisture content were placed in the 
test vessels. At each ‘rum” (approximately one a week). test vessels were weighed and contents emptied. The 
contents of each vessel were homogenized in a large plastic drum and water was added to the material to adjust the 
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moisture content when required. Several sub-samples were taken and combined to form one representative 
composite of approximately 250g for moisture, volatiles and nutrient analysis. A similar sample was used for pH 
and germination index (phytotoxicity) measurement. Two sets of experiments were performed, namely, preliminary 
trials and replicated trials. In the preliminary trials, different blends of the four feed stocks were evaluated with the 
two nitrogen amendments at different rates. One mix was selected at the end of the preliminary trials and this was 
evaluated with different rates of nitrogen amendments in replicated trials. 

RESULTS AND DISCUSSION 

The variability in properties among feed stocks and over time was significant. Average moisture content (Table 1) 
of the four paper mill feedstocks ranged from 50-7096 with standard deviations as high as 8.096. The volatile solids 
percentage indicating biodegradable matter were low in ash and high in gnt and bark. The wastes being largely from 
woody sources are high in cellulosic carbon and low in nitrogen as indicated by the high C/N ratio (Table 1). 

The objective of creating a blend was to include as much primary sludge as possible without losing optimal bulk 
density and moisture contents. Bark was included largely to provide bulking and grit was included to provide the 
volatiles that accelerate degradation. The initial base mix (Wh40) of Sludge 45%. grit 28% and bark 27% (by dry 
weight) resulted in a CM ratio of 245.4 and a moisture content of 59.1%. The high C/N and low C/N treatments 
were developed by adding more (1.35 kgkg of Wit@ and less (0.40 kgkg of WIVb) of chicken litter (see Table 2). 
From a total dry matter loss the two treatments show no difference (Table 2). The volatile solids loss over the period 
of tomposting were different, however, the amount of mill solid waste base mix (Wh&) was 71% of the mix (i.e. 
only 29% chicken litter) in the first treatment and only 42% (i.e. 58% chicken litter) in the second which could 
account for the higher (5.7 %) volatile solids loss in the second mix. 

Other base mixes (WM, and WMt) were developed by adding ash to the other three streams as shown in Table 2. 
WM, and WM2 behavior were very similar in the poultry litter amended treatments. The total dry matter loss (8.6 
and 9.1%) and the total volatile solids loss (7.0 and 6.9%) were similar for each of the treatments. Several 
ammonium nitrate dosages were evaluated ranging from 20.1 to 86.4 g k g  (dry basis) corresponding to a nutrient 
balance of 12.5 to 47.9 C/N ratio. Surprisingly, both dry matter loss and volatile solids loss reduced with increasing 
nitrogen levels. This suggests that a lower dosage would be appropriate and the high corresponding C/N ratio is 
caused by the portion of the total carbon being unavailable to microbial metabolism. 

. 

The important results from the replicated trials are tabulated in table 3. Increasing the m u n t  of poultry litter added 
to the wood mix (WM3) from 0.18 kgkg to 0.44 k@kg resulted in an increase in dry matter loss from 14.8 to 20.1 % 
of initial mix. An increase in the stability of the final product compost was also seen with increasing poultry litter 
content. A value of stability index of 0.5 mg/@ or less indicates stability. Except the first and sixth treatment, all 
others treatments produced composts that had stable values. Increasing rates of ammonium nitrate addition did not 
show any clear increase in degradation. Similar to the preliminary trials. although the total dry matter loss ranged 
between 12.2 to 16.7%. there was not consistent increase or decrease in degradation with increasing nitrogen levels. 
Figure 1 shows the temperature profile of two levels (8.7 and 15.9 gkg) of ammonium nitrate dosage along with the 
temperature profile in a chicken litter amended treatment. The increase in ammonium nitrate shows a delay in 
temperature increase. possibly due to a mild ammonia toxicity. The chicken litter amended materials were very 
active within 24 hours and completed most of the biological activity within the first ten days. 

The compost was cured for over 60 days after removal from the bioreactors and then tested for physical and 
chemical properties. The final properties are shown in Table 2. It is clearly evident that the compost with poultry 
litter as the amendment has a higher level and diversity of micronutrients. This makes the compost more amactive to 
horticulturists than the ammonium nitrate amended material. This material also had a lower final C/N ratio of 37.4 
(initial C/N of 80.9) compared to the ammonium nitrate amended which had a C/N of 97.9 (compared to initial of 
-i36). The low C/N ratio is an important property of final compost as this indicates how much of a nitrogen tie up 
would result if the compost was applied to the soil. The level of phosphorus (an essential macronutnent) in the 
ammonium nitrate amended compost was very low (0.04%) compared to 0.29% in the chicken litter amended mix. 
The ratio between N. P and K is critical in judging the compost to be of balanced nutrient value. In this regard the 
chicken litter amended compost was far superior to the other. ’ 
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CONCLUSIONS 

i 

T h e  compostability of a mix of primary sludge, bark, gnt and ash was evaluated. It was found that the mix 
could be composted to a stable and agronomically useful product. The following are some key findings : 

1. 

2. 

3. 

4. 

5. 

6. 

The best mix from a degradation stand point was 57% (dry weight basis) sludge, 25% grit, 6% bark and 12% 
ash. The mix (-)had an initial moisture content of 54% and a UN ratio of 412.7, 
Addition of nitrogen amendments decreased C/N ratio and increased total degradation. It was sufficient to use 
no greater than 0.18 kg(chicken littcr)/kg(WMo) on a dry basis resulting in an initial c/N of 80.9. 
Adding ammonium nitrate at 5.42g/kg(wMo) resulting in a C/N ratio of 136 was sufficient to provide about 
15% dry matter degradation and a final compost with a stability of 0.078 mg(oxygen)/g(VS)/hr. 
From a product quality standpoint, chicken litter amended compost was superior. It provided higher and a wider 
variety of nutrients. 
From a degradation standpoint the ammonium nitrate amended mixes result in greater amount of pulp mill solids 
being processed within a given time period. 
At the end of 30 days of composting the stability ranged between 0.14 to 0.88 mg(oxygen)/g(VS)/hr. Aftcr 
sufficient curing the composts are exmmely stable at 0.078-0.096 mg(oxygen)lg(VS)hr. 

The authors wish to acknowledge the contributions of Ms. Sheila Powell and Mr. Mark Jones in the conduct of these 
experiments. Funding for this project was provided by Weyerhacuser Inc., and otha grants through the University 
of Georgia Experiment Stations, Athens GA. 

TABLE 1. Initial properties of the feedstock materials used in composting trials'. 
Sludge2 Bark' Grit* Ash2 Poultry Litte? 

Moisture content, % wb 50.4 (4.6) 70.0 (0.9) 56.2 (5.8) 52.6 (8.0) 19.2 (4.3) 
Volatile solids, % db 57.0 (3.5) 90.8 (2.8) 90.8 (8.3) 34.2 (12.8) 87.6 (3.4) 

Nitrogen content, % db 0.05 (0.03) 0.39 (0.07) 0.15 (0.06) 0.01 (0.01) 2.6 (0.8) 
C/N Ratio 7 0 0  116 326 2080 16.7 
PH 8.0 (0.6) 5.9 (0.1) 5.5 (0.8) 10.0 (1.4) 8.1 (1.1) 

'Numbers are average of 6 measurements over 3 sampling times. N u m b  in parenthesis arc standard deviations. 
'Sludge. bark. grit and ash were obtained from Weycrhacuser's Flint River Facility, Oglcthorpc. Ga. 
'Poultry litter was obtained from the University of Georgia poulrry mearch center. Athens. Ga. 

Carbon content, % db 35.0 (5.4) 45.3 (1.6) 48.9 (3.3) 20.8 (4.0) 43.4 (0.9) 

Germination index. % 63.2 595 27.2 71.1 0 

TABLE 2. Preliminaw composting trials mix ratios, degradation and product stability. 
Materials in Composition initial C:N Total Dry matter loss, Total Volatile solids 
compost mix (weight, db) % (of initial) loss, % (of initial) 

WMo = 4 5 9  Sludge. 28 9 Grit. 27 % Bark (dry weight basis) 
WMo+ Poultry Litter 1 :0.40 48.2 13.7 1.2 
WMo+ Poultry Litter 1:1.35 26.7 14.8 5.7 

WMI = 38% Sludge, 24 8 Gnt. 10 % Bark, 28 % Ash (dry weight basis) 

W M 2  = 45% Sludge, 29 8 Grit. 11 % Bark, 15 % Ash (dry weight basis) 
WMI+ Poultry Litter 1:0.16 84.0 8.6 7.0 

WM2+ Poultry Litter 1:0.19 76.6 9.1 6.9 
W M 2  + Amm. Nitrate 20.1 gikg (db) 47. .9 16.9 13.4 
WM2 + Amm. Nitrate 42.1 @g (db) 24.7 15.9 8.0 

-- WMI+ A". Nitrate 47.1 g/kg (db) 22.2 15.7 7.9 
WM,+ A". Nitrate 86.4 Glki (db) 12.5 14.4 3.3 

1. 

2. 

Target moisture content In all prelimnary mals was 60?4 (wb). Actual measured moisture contents dunng the 30 days 
of composting averaged 61.89 (Std Dev. 4.8%) with a range of 67.7 to 54.2 % 
Ammonium nitrate (fertilizer grade. 34 %N) were applied at rates measured In g(of ammomum salt)/kg(dry matter of 
compost m a t e d ) .  
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TABLE 3. Summary of replicated composting mals. 
Materials in Mix Initial Total Total Final 
compost mix Ratio C:N Dry matter loss Volatile solids loss, Stability Index, 

(weight, db) % (of initial) I (of initial) mg(02)/g( VS)/hr 
WM3 = 57% Sludge, 25 96 Grit, 6 I Bark, 12 % Ash (dry weight basis) 

WM3+P0ultry Litter 1:0.18 80.9 14.8 9.0 0.880 
WM3+Poultry Litter 1 :0.26 63.5 16.4 10.7 0.49 1 
WM3+Poultry Litter 1 :0.44 45.8 20.1 0.140 

WM3+A”. Nitrate 8.70gkg 96.8 12.6 15.3 0.494 
WM3+A”. Nitrate 10.9 gkg 81.1 16.3 12.5 0.792 
WM3+A”.  Nitrate 15.9gkg 59.2 12.2 5.9 0.347 
WM3+A”. Nitrate 67.2 gkg 15.7 16.7 0.179 

WM3+A”. Nitrate 5.42 glkg 136.0 15.2 0.202 

1. 

2. 

Target moisture content in all preliminary mals was 60% (wb). Actual measured moisture contents averaged 61 3% 
(Std Dcv. 4.8%) with a range of 67.7 to 54.2 % 
Ammonium sulfate (laboratory grade, 21 %N) and ammonium nitrate (fertilizer gradc, 34 %N) were applied at rates 
measured in g(of ammonium salt)/kg(dry matter of compost material). - 

70 1 + 8.7 sn(g (AN) --c 15.9 sn<g (AN) + WM3+026Litter 1 

0 3 6 9 12 15 18 21 24 27 30 - 
Days of Composting 

Figure 1. Temperature profile during a composting trial with low and high rates of ammonium nitrate (AN) 
amendment compared with chicken litter amendment. WM3 is a mix of the four feedstock as shown in Table 3. 

Temperature profiles are average of temperatures in three bioreactors under identical conditions. 
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TABLE 4. Final composted and cured sample chemical characteristics and stability. 
Ammonium Nitrate Amended mix 

Rate = 5.42 gkp (Table 3) 
Poultry Litter Amended mix 

Rate = 1:0.18 (Table 3) 
13.7 14.2 
0.14 0.38 

0.04 0.29 
0.09 0.27 
2.74 2.4 1 
0.08 0.15 

0.12 0.06 

c, % 
TKN, 
C/N Ratio 
P, 
K, 8 
Ca. % 
Mg, 6 
S, 8 
Mn, 8 
Fe. % 
AI, % 

97.9 37.4 

0.03 0.04 
0.15 0.12 
0.22 0.20 
c0.6 5.65 
6.32 159.20 

122.4 46.3 
1059 556 
4.66 4.28 

0.53 0.45 

3.34 3.14 
d . 5  0.61 

0.62 

B* PPm 
Cu, ppm 
Zn, ppm 
Na, ppm 
Pb, ppm 

Cr, ppm 
Ni, ppm 
Mo. ppm 

Se, ppm 

Cd, PPm 
4.02 3.59 

As, ppm . 0.24 

Stability Index. mg-OL/g-Volatiles/hr 0.078 0.0% 
4.3 4.3 
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SUMTER COUNTY SOLUTIONS: INNOVATIVE, 
INTEGRATED MSW COMPOSTING AND RECYCLING 

Garry Breeden, Director 
Sumter County Public Works Department 

Bushnell, Florida 

Mitch Kessler 
TIA Solid Waste Management Consultants, Inc. 

Tampa, Florida 

FINDING AN INNOVATIVE SOLUTION 

Faced with rising landfill costs and more demanding State-mandated recycling goals, 
communities in Florida and elsewhere are struggling to divert a larger portion of the municipal 
waite stream from landfills by recovering more of that waste stream through recycling and 
composting. Sumter County, Florida has developed a “state-of-the-art” system to do what 
communities everywhere want to do: recover more of the waste stream. This high-tech system 
takes f i I 1  advantage of integrated solid waste management technology to consolidate recycling 
and composting activities at one location. The system, which evolved gradually as County 
officials worked to develop a solid waste management system to best serve the needs of the 
Sumter County community, represents a model for communities everywhere. 

In 1975, Sumter County permitted a landfill to dispose of the municipal solid waste 
(MSW) generated by the residents of this small rural county in central Florida. As the County’s 
landfill neared capacity and the State of Florida passed laws requiring more extensive recovery 
of material for recycling, Sumter County began to explore alternative solid waste disposal 
methods. 

Energized by the 1988 Florida Solid Waste Management Act, the County evaluated 
existing options for treating solid waste and selected MSW composting supplemented with a 
drop-off recycling program. This combination of recycling and composting, one of the first of 
its kind in the United States, was selected for its ability to maximize the recovery of material 
and for its compatibility with the County’s rural demographics. Sumter County began 
processing and composting MSW at the Sumter County Solid Waste Facility in 1988. 

In 1995, in an effort to improve materials recovery and composting operations, the 
County appointed a solid waste st&ring committee to develop the most effective and -efficient 
integrated recycling-composting system possible. The result of the this committee’s efforts was 
development of a MSW materials recovery facility (MRF) and a compost digester system 
specifically designed to achieve the County’s solid waste management objectives. 
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The County’s state-of-the-art MRF and compost digester system offers maximum up- 
fiont recovery of materials for recycling, enables the County to produce top quality compost, 
and has the capacity to process 100 tons per day of municipal solid waste. It is the only MSW 
processing and composting facility of its kind, not only in Florida, but in the United States. The 
facility’s innovative design has already gained widespread attention in the industry both because 
its design combines recycling and composting processes and because of its projected high 
materials recovery rates. 

COMBINING RECYCLING AND COMPOSTING 

During initial up-front processing, recyclable materials are both mechanically and 
manually removed from the waste stream and recovered for recycling. The MRF is equipped 
with the latest processing and recycling technologies, including an automated debagging system, 
a residue disc screen, and an eddy current separator. Recovered materials are baled on-site and 
marketed by the County. Materials remaining after processing in the recycling system are used 
for compost feedstock. 

The materials remaining in the waste stream after MRF processing are introduced into an 
aerobic digester for composting. The digester is an impressive metal cylinder approximately 13 
feet in diameter and 185 feet long. This giant rotating barrel provides a favorable environment 
for the natural biological breakdown of organic waste into compost. The digester’s controlled 
environment produces a higher quality compost in less time than under natural conditions. The 
County’s digester system is equipped with an air filter and drainage system to eliminate odors 
and leachate. 

The County’s compost digester system also offers an effective alternative for managing 
animal wastes and biosolids. The digester system is designed to handle 50 tons of MSW 
compost feedstock per day, and for every 50 tons of MSW feedstock, 25 tons of nitrogen source 
materials are added to support the composting process. Thus, the County processes 25 tons per 
day of biosolids or other nitrogen sources in the production of high quality compost. 

PRODUCING HIGH QUALITY COMPOST 

After processing in the digester for approximately three days, material is discharged and 
screened. Material leaving the digester is partially composted but needs additional “curing” to 
become high quality finished compost the County can market. This curing process is most 
efficient when moisture and oxygen levels can be controlled To protect compost fiom 
excessive moisture and drying, screened material is deposited in windrows in the County’s 
compost finishing building, a pre-engineered metal building where turning machines 
periodically aerate the material to complete the composting process and produce high-quality 
Class A compost. 

M e r  curing in windrows for approximately thirty days, compost is processed through a 
final screening to ensure consistency of texture and particle size. Finished compost produced by 
the County’s system can be marketed for a variety of agricultural and horticultural applications. 

_ _  
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High quality compost serves as a valuable soil amendment to improve moisture retention, 
conserve waster, and increase resistance to pests and diseases. 

SERVING AS A MODEL 

Sumter County’s integrated system, which incorporates lessons learned fiom the 
County’s pioneering experience in solid waste management and composting, represents a 
unique approach to solid waste management planning. Rather than rely on any one technology 
or company-none of which have successhlly implemented all the necessary design, siting, 
technology, and financial components-the Sumter system uses the best elements available 
fiom several suppliers of solid waste and composting equipment and systems. Customizing 
facility design in response to local operating experience, rather than accepting the usual turnkey 
package approach, is exactly what is necessary to make mixed waste composting succeed. 

Successhl operation of the Sumter system will also demonstrate that mixed waste 
composting is a technology that, if properly designed, can substantially enhance solid waste 
management and produce a valuable soil amendment. Moreover, mixed waste composting may 
be the key element in keeping recycling and resource recovery options viable for small rural 
counties, which increasingly must either haul their waste to distant landfills or overcome the 
diEcult challenges of siting and operating their own landfills. . 

Because Sumter County’s integrated recycling and composting system offers an 
innovative solution to common d i d  waste management challenges, other communities are 
looking to Sumter County for leadership in this rapidly developing technology. The Sumter 
system has been the focus of articles in leading trade publications, and the facility was a 
featured tour site for the NRC conference in Orlando in September 1997. Sumter County’s 
solution serves as an important model for other communities seeking cost effective systems to 
maximize materials recovery and achieve sound solid waste management. 

ST23fCompoaingSE.pre.doc 
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CHARACTERIZATION OF LANDFILLED MUNICIPAL SOLID WASTE 
FOLLOWING IN SITU AEROBIC BIOREDUCTION 

Matt C. Smith, K. C. Das, E. W. (Bill) Tollner 
Biological and Agricultural Engineering Deparunent 

The University of Georgia 
Athens, Georgia 

William H. Johnson, Tim L. Davis 
Arcadis, Geraghty & Miller 

Atlanta, Georgia 

J. Gordon Layton 
Waste Management of Georgia 

Atlanta, Georgia 

INTRODUCTION 

In January 1997, a pilot-scale project to assess the feasibility of in silu aerobic bioreduction of municipal solid 
waste was initiated at the Live Oak Landfill, located near Atlanta, Georgia The high costs (money, regulatory 
hurdles, societal objections) of developing new landfills are making fccovery and reuse of existing landfill space an 
increasingly attractive alternative. Onc bf the first exampler of landfill mining in tbe U.S. was the Collier County, 
FL landfill that began mining operations in 1986 (von Stein and Savage, 1993). The Collier County demonstration 
did not include aerobic bioreduction before mining. Some benefits of aerobic bioreduction of municipal solid waste 
(MSW) landfills include: reduced emissions of methane and reduced mctbane recovery costs; extended life of 
currently operating landfills: potential minimization of leachate and landfill gas contamination of ground water; 
stabilization and/or complete removal of old. unlined landfills. 

This pilot-scale project was carried out in a lined cell containing approximately 70,000 yd3 of MSW. The cell 
had been constructed using conventional techniques for the landfill and was aplpr0Ximately 30 feet in depth. The 
materials in  the cell had been placed no more than three years before beginning this project. They were not 
segregated, or specially selected in advance, for this project, and the materials contained a significant portion of 
biosolids from waste water treaunent plants. 

To sumulale aerobic decomposition of the MSW, air and water (recycled leachate and additional fresh water) 
was injected into the fill material through wells. Routine monitoring of the process included temperature 
measurement; landfill gas composition; water volumes pumped and leachate generation; and physical, chemical, and 
biological chacterization of leachate. The details of the aerobic bioreduction process will be presented in future 
publications. 

The purpose of this paper is to present a brief introduction to the project and to discuss initial results from 
analyses of the characteristics of the aerobically treated MSW. 

AEROBIC BIOREDUCTION PROCESS 

*- Water additions to the cell were initiated in mid-January 1997. Water additions were continued for 
approximately four weeks before initiating air injection to increase the moisture content of the MSW and reduce 
chances for tire. Average temperatures within the cell began to increase within three weeks of introducing air. 

. Average temperatures within the cell during the process were approximately 120 'F. There were large variations in 
temperature throughout the mass, and some areas reached temperatures exceeding 160 T. At about the same time 
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Depth, feet 

as temperatures increased, landfill gas composition changed from greater than 40 percent methane and 0 percent 
oxygen to less than 10 percent methane and 1-5 percent oxygen. Microbial counts in the leachate increased at about 
the same time as shown in Figure 1. These factors suggested significant increases in biological activity within the 
cell. 

Moisture Content, 
9b wet weight basis 

-1 llDD0 I 
Figure 1. Microbial counts in leachate from Cell 3. 

In May, the landfill mass was sampled by drilling in seven locations. Samples of the cuttings were collected 
during each five-foot progression of the drill bit. These were analyzed for, among other things, moisture content. 
The results showed that water content increased with depth, and tbat near the surf- the landfill mass was not much 
wetter than what would be expected in a n o d  landfill, &e. water additions were not affecting moisture contenrs 
in the top of the fill. The results of these measurements are shown in Table 1. Visual observations during the 
drilling operation showed that the drier materials were the least decomposed and that the wetter areas were where 
the most degradation had occurred. These observations resulted in the redesign of the water distribution system to 
deliver water to the upper layers of the landfill mass. Figwe 2 shows microbial counts as a function of depth in the 
augured samples. 

-- 

I 20-25 54.5 I 
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Figure 2. Microbial counts as a function of depth in drilled samples. 

Accurate values of the amounts of ,water pumped into the cell are not available due to intermittent problems 
with flowmeters, particularly the meter on the leachate sump. The flowrates in the system were often low enough 
to allow flow through the meter without overcoming the inertia of the impeller, thus the meter failed to record all 
of the water pumped through i t  From early January through mid October, at least 1,766,200 gallons of water were 
pumped into the cell. This is an average of 47,735 gallons per week or 6,819 gallondday. The measured flow from 
the leachate sump totaled 703.920 gallons over the same period or 19,024 gallons per week (2,717 gallons per day.) 
The difference between total water pumped and leachate pumped represents makeup water provided from several 
sources - primarily city water and water from a nearby sediment pond. 

There are at least two major conclusions to note related to water additions in Cell 3A. The first is that the 
aerobic bioreduction process requires tremendous quantities of water. Through the period of water additions 
discussed above, an average of approximately 25 gallons of water was added per cubic yard of fill. Even with these 
additions, there was no noticeable increase in the quantity of leachate produced by the cell. It is believed that much 
of the water was lost due to vapor diffusion through the boundaries of the cell and some water merely raised the 
moisture content of the fill without exceeding its water holding capacity. The second observation is that the quantity 
of leachate produced within a cell is entirely inadequate to supply the water requirements of the aerobic bioreduction 
process. Additional water from other sources IS required. 

CHARACTERIZATION OF BIOREDUCED LANDFILL MATERlALS 

Beginning in October 1997 and continuing into 1998, small sections of cell 3A were mined and separated to 
assess procedures, equipment needs, and to characterize ?he materials recovered. To date, no attempt has been made 
to optimize the separation processes. Thelypical separation process used so far has been to pass the material through 
a Uommel with a two-inch screen to remove the large fractions. The material that passes through the uommel screen 
is then conveyed into a second screen with 3/8 to 314 inch screens. The material passing through the second screen 
is-generally a mixture of soil. composted organics and small bits of glass and metal. The materials that do not pass 
the second screen are generally large pieces of paper, plastic, wood, rock, erc. 

Samples collected from each hole drilled in May were collected, screened (c0.5 inch), and composited 10 

produce one sample for each depth increment. These samples were analyzed for oxygen uptake to determine whelher 
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they were essentially fully composed, Le., whether they were stable. ?hac results showed that none of the materials 
were completely stabilized at the time of drilling. 

Three samples were randomly collected from the small fraction (< 3/4 inch) obtained during the first dig and 
separation in October. These samples were again tested for stability and were stable with oxygen uptake rates ranging 
from 0.167 to 0.351 mg of oxygen per gram of volatile solids per hour. Respirometry measures of this type 
performed on compost have determined that oxygen uptake rates of less than 0.5 mg of oxygen per gram of volatile 
solids per hour indicate stable compost Besides respirometry, these samples were analyzed for composition in terms 
of the fractions of recyclable materials. The results showed that the small fraction contained between four and 8 
percent plastic, less than 1 p e n t  metal, and less than 8 percent glass. The rest of the sample contained degraded 
organic materials, soil. and paper. Laboratory analyses of the metals content of the humus fraction showed that all 
of the metals were well within limits set for high quality compost. 

Samples from several different excavations and combinations of separation equipment have been analyzed. 
Results of analyses of the smallest fraction (passing a 3/8 - 3/4 inch screen) obtained during sepafations in February 
1998 are shown in Table 2. It is clear from Table 2 that additional processing of the fine fraction obtained during 
the initial separation will be required to remove inert materials such as glass, plastic, and metals from any material 
destined to be taken off site as compost. 

Approximately 10 yd3 of the materials that did not pass through the trommel screen were hand sorted to 
defermine the composition. The results of this separation are presented in Table 3. This material probably contained 
more soil than it did coming out of the trommel due to scraping up soil with the sample as it was loaded for 
transport. As it was, paper and plastic accounted for 15.6 and 12.1 percent of the material, respectively, by weight. 
If we remove the soil and other small fractions, the ffactions for paper and plastic would change to 35 and 27 percent 
by weight, respectively. \ 

SUMMARY AND CONCLUSIONS 

The demonstration of aerobic bioreduction of Cell 3A has achieved the initial goals set for the project. We have 
shown that we can convert the cell to aerobic metabolism. We can control the aerobic process within safe limits. 
We learned many things during the demonstration that will allow improved operation and performance of the process 
during full-scale operations. 

The organic materials in the small fractions are stable, indicating that they were substantially degraded. The 
high percentage of paper in the large fraction. however, indicates that large paper objects such as magazines have 
not degraded well in Cell 3A. This may be due to insufficient water. or insufficient time. In any case, if we cannot 
modify the bioreduction process enough to increase degradation of these products, it might be necessary to consider 
some post processing to separate the paper products, chop them and recompost tbem along with the already degraded 
organics. This will w e  to reduce the amount of nondegraded paper that must be disposed of and provide an 
opportunity to cure, further stabilize. and deodorize the final compost. This process might also be where we aim to 
achieve the minimum temperature-time combination necessary 10 prove significant pathogen reduction. 

If the soil and degraded organic material fraction is going to be used off-site, it will be necessary to significantly 
improve removal of the small glass and metal fragments that are currently present in this fraction. Such separation 
effort might not be justified, however, and on-site use as intermediate cover might be a better use of this material. 
Samples of the fractions generated during this pilot-scale study are being evaluated for their potential for off-site 
use/recycling. These efforts are continuing and no final dispositions for the mined materials have been determined. 
The more these materials that can be used off-site, the more landfill air space will be recovered. and the more 
economically attractive this process becomes. It is possible, however, that the in Situ bioreduction of MSW landfills 

-can be economically justified on other grounds such as environmental impacts. 

Many remaining questions will be answered as proceed with a full-scale Lest of the aerobic bioreduction process. 
: In this test, we will be applying these techniques to a cell containing approximately l,OOo,OOO yd3 of MSW. Results 

from this test should be available during the next two years. 
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Table 2. Characteristics of smallest fraction after separation. 

Characteristic Average Std. Deviation 

PbysicaYCbemical 

Moisture Content, % dwb 

Volatile Solids, % 

Respiration Index, mg O&VShr 

Germination Index, 96 

PH 
Electrical Conductivity, dS/m 

Water Holding Capacity, % 

Buk Density, kg/m3 

Avg. Particle Size, cm 

Inens, % of dry wt. 

Sharps, 8 of dry wt. 

Nutrients 

c, % 

N. 8 

P, 96 
K, % 

Ca, % 

Mg, % 

Mn, % 

Trace Elements/Metals 

As (EPA Limit 41 mgkg)  

Cd (39) 
Cr (1.200) 

Cu (1.500) 

pb (300) 
M o  (18) 
Ni (420) 

Se (36) 

zn (2.800) 

38.2 

18.2 
0.552 

68.2 
7.64 

1.97 

82.0 
1134.2 

0.53 
9.0 
0 

6.36 

0.33 
0.12 

0.13 

0.79 

0.57 
0.08 

3.24 
1.19 

315.06 

97.68 

61.32 
0.78 

1 10.36 

0.33 
252.73 

6.1 

3.7 
0.2% 

10.1 

0.55 
0.52 

11.2 
86.9 

0.08 
3.7 
0 

3.07 

0.15 

0.03 

0.03 

0.37 
0.07 

0.01 

1.63 
0.72 

155.38 

13.n 
23.64 
0.35 

17.76 
0.35 

139.95 
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Table 3. Composition of materials rejected by the trommel (> 2 inch). 
Fraction Weight, Ibs Percent by Weight 

3 .I I Wood 355.6 

1,155.4 12.1 

415.6 4.4 

Plastics 

Paper 

Metal 

Textiles 

Rocks & Misc. 

Soil & Other 

Inms 

Volatiles 

Water 

Total Soil & Other 

1,484.8 15.6 

481.5 5.1 

311.9 3.3 

3,242.6 34.1 

945.0 9.9 

1.12 1.6 11.8 

5.3092 55.8 

9,520.0 100.0 Overall Total 
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InSitu Municipal Solid Waste Composting 
Using an Aerobic Landfill System 

by 
Mark Mgins, American Technologies, Inc. 

John March, American Technologies, Inc 

Abstract 
Municipl solid mute W 1 l . s  worldwide are upwiencing the mnsup~~cu OfronVartiOrarrl w h g  tcchniqurs. 
when& a n a d i c  conditim am m t e d  within the -11 waste. Under d i c  d i t i o t u ,  slow atabilizoton of h e  m e  
mass occurs, pmducing methane, (an explmive, 'jpen house" gas) wad toxic leachate over long prid of time. In attempts to 
reduce thepnniuction ofthis leachate, compan'te soil cap systenu am "stmcted over lan@lld mute. To 4 c e  the mlease of 
leachate into the envimnment. many landfills use sophisticated svbsvlfbce liner wad ltnchate collection wm. Homvcr. thue 
cap, liner, and collection systems ultimately fail, potentially nleasing mcdrm# gas and lmchte to air and gmwuhzter. As a 
msult, this design approach onlypostpmes the inewbble risks associated with Mfi l ls .  

As a solutitm. it mu demonstmted that aedically degrading M W  within a rondfirr am sign$mnt& incmase the mte of mute 
decanm'tion and settlement, derrcarc the p d c t i o n  qfmedrrmr gas, nadycr the level tf toxic oqanics in the leachate, and 
decmasc quantities of M f i l l  lachate that need baobnart. Through a technology hmufer initialive suppotted by the US. 
0ai)Ltiment ofEnrrgv (WE). an d i c  lan@ll qrtem m) mu installed and opcmud within a l k c m  Subtitle D MSW 
lmdfill nearhgwta, Geoqab 0). Readily integruted into the rondfilr &ut". an AIS am sfely and mt-efl i 'vely 
convert a MSW lbndfill fiom a m d i c  to o d i c  d@tion pmcesses, hemby composting much of the orgcmic prtiotu of 
the wste. As a rarvlt of i d  wlostc d"posi t ion,  stabilization. and settlement, not e om lan@ll OpMtng carts 
reduced, but he lge of the lant@ll cmr bc atmdad. potentially incmasing IICYQIYU. It mu also shown that by pm@y 
conhvlling drr injection d a i r  wad 1"te into dw WlIUtc mass, nuste mou tanplmhrru " a b e d  d l e  betwtn 40 and 60 
d-s C. Thnmgh the c a r t i d  development of this technology, the AIS will fbster a n e w p ~ 7 ~ p r c t m  . on londfilling m e ,  and. 
at the same time, 4 c e  the cart budens of-11 oprrrrriau d o r  site "ediatim 

Manyoftbt~d'slandfiltsartbecomingsignificantriskstothee"em.andandpoesentday~~ 
inchde soil and/or plasticbarriers above andbelow the waste in an attempt to reduce the infibtion of "re into 
the waste mass and thus into the arvironmart. This design approachcreatcs a %y-tomb" environment witiun the 
l w v t t i l l a n d i n h r r s ~  degradation ofthe waste. Ova time, a " b i c  dcampoation of sanitary wastes QUI 

have &a% on landfill Optrations whkb acNally increase the patenclal for risks to human health and the 
environment. These rislrs include: 

the potential for an increase in leachate strength, as well as organic and metals compounds 
concentrations in the leachate: 
possiile formation of toxic daughter compounds in the leachate. slach as vinyl chloride: and 
slow stabilization of waste mass, increasing the potential for leachate releases through the landfill's 
lioa systems. 

0 

0 

0 

In addition anatrobic conditions within a landfill result in the p " o n  of methane, an explosive, odorless gas. 
@d vapor-phase VOCs. Considemi a "greenhouse gas" under the Clean Air Act. methane generated in landfills is 
typically in excess of 40% of the total landfill gases. In some cases. VOCs present in the landfill gas have been 
identified as a source of groundwater contamination. At many landfills, these gases are wpred to be collected. 
comrolled (&ire or other end use), and monitored to minimize the risks of gas build up and/or fires as well as to 

. . comply with environmental regulations. 

Although the "@-tomb" approach is an attempt at m n g  toxic releases h m  a hdfill,  this approach is a 
temporarv solution. According to the EPA, "liner and leachate collection [systems] ultimately fail due to natural 
decomposition..."' (EPA 1988). In 40 CFR 258. EPA recognizes that "Once the unit is closed. the bottom laver of 
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the landfill wil l  deteriorate overtime and conseqwdy7 will not prevent leachate transport out ofthe unit." As a 
result, leachate collection systems and impermeable mps do not decrease the risk that toxic constituents. typicaliy 
found in aging landfdl leachate, will reach local gmudwater. To prepan for h s ,  landfill owners are requ~red to set 
asi&fundsfortheirownclearmps.oncethelandfillbeginsreleasingleachate,~ ' 'on must be initiated. and the 
wastemassis"managed"onceagain.Thenet~ofthis"Qy-tomb"approachcanbe~,evenbcyondthe 
landfdl's closure. 

Ironically, hdfil ls  arc rqumd to be designed using thc "dry-torttb" appro9ch. As a dt, iandfill owllcfs find 
themselvesusinga solid waste management approachthatwillmostlikclyfail, andcmlypostpn~high landfill costs 
and long-term liabilities. Althoughthere arc dativdy afew lanrtfiltfi where (WTE) is coste&ctive 
(- below), the anaerobic, "dry-tomb" approach to landlib appears to be the wrong answer to long-term solid 
waste planning. 

Active aembic biodegradation processes, sllch as ' havedamrnstratedfbryearsthatthebiodtgradable 
portion d M S W  canbe stabilizedina significautlyshoxtertim fram (than under anatfobic conditians) by adding 

of the waste's own 
leachate through the waste mass hpmvcs degradation, whereby the recycling of "e, and &ems are 
amiinually made available tothe respiring mi- indigenous tothe waste. 

the proper pnpntions of air and "e to the waste mass. In addition, the "g . 

In a landfill Q"cnf this c(mccp1 qf in-situ aerobic biodegradation of MSW is bang evalmed worldwide. 
Laboratory=€=i=-3 such as those conductal at the UnivasityofScm!hFlorida, han danonstrated that, in an 
a e r o b i c e " m t , r e s p i r i n g b a c t a i a c a n v e r t t h e ~  e mass dthe waste and oehaorganic cOmpOunds to 
mostly carbon dioxide and water, instead of methane, with a stabilized h " ~  "ining. ~ ~ ~ ~ r t e d l y ,  scvcra~ 
European and AsiancnmtrieS arc evaluatingthis approach and han begun their awn aerobic ladill studies. In 
these cases, the land6ll itself serves a large closedvesscl orbioreactor, is operated as a cell, and is managed to 
control leachate, landfill gas (LFG), and waste recycling. 

As many wastewater treatment facility operators larow, aerobic trearmartprocesses reduce c€"ations oforganic 
compounds typically found in wastewater. Compounds such as toluene, MM, vinyl chloxide, as well as many odor- 
causing compounds (e.g. ammonia) can be treated in aerobic lagoons, mtating beds, and fixed media systems. Using 
the landtill waste as a treatment bed, the A L S  also promotes the aerobic treatment of the leachate in a similar 
manner, whereby air, moisture. and nutrients arc co"d . togaher. since the COllCClItratiollS of* compaunds 
arc nduced the need for subqum leachate treammt could also be rednced &pending an applicabk regulations. 
As an addit id benefit, that is an increase in the rate of waste "ion (the point at which risks associated 
withthewastearcminimizcd ) as well an increase in the rate o f w e  subsidence. This creation of landfiIl "air space" 
can maximize the useful life of a landfill. 

Through a technology transfer initiative h d e d  by the U.S. Depa" of Energy (DOE). American Technologies 
Inc. (ATI) demonsaated the Cffeaiveness of thls concept by implementhg an Aerobic Landhll System (ALS) within 
an &e 16-acre portion of the Colwnb@ Counv Baker Place Road landfill (CCBPRL) near Augusta, Georgia 
CUSA). Based on aerobic studies conducted to date. ATI designed d l e d  and presently opxatcs an 8-acre ALS. 
Since January 1997. the ALS demonstrated that this municipal Sanitary landfill could cost+f€ectively be convened 
from anaerobic to aerobic degradation processes. and that aerobic &gradation of the MSW can provide short- and 
long-tem benefits for landfill operators. 

With a minor modification of the landfill's operating permit. the ALS was approved by the Georgia Environmental 
Protection Division (EPD) withm a relatively short h " e  (30 days). The system was then installed in 
approximately two weeks and has beem operational since. Presemtly, designs are bemg developed for expansion of the 
system in the 16-acre landfill and discussions are curen@ being held with EPD for implementation of a second ALS 
within the &acre unlined landfill which lies adjacent to the Subtitle D area. 
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The ALS is a natural process via the addtion of air ( p ” g  oxygen to the waste mass) and the recirculation 
leachate (providing moisture and nutrients for the indigenous, respiring micmoqpnhm). A reliable. flexible wstem 
for adding air and leachate was designed based on several leachate “htI ‘on studies conducted to date as well as 
on practical environmental remediation systems that treat sods and groundwatn in-siru. Us@ readily available 
materials and equipmerq the system was readily lmegrated into the atisbsg CCBPRL infrastructnrt . The key to the 
ALS ef€ectiveness isthe propercolm~l of acrobic amditions, whaebg waste mass and moisture are 
maintained within optimal ranges. This is ammplished by balancing airflow and leachate rccimdation into the 
waste mass in a manner that &eaively stabilizes the waste in a much shorter time frame than under comtional 
anaerobic conditions. 

The air injection system is compmcd of electric blowers and PVC piping, conneaed to the existing landfill 
infrastruchlre. For ladills with an cxistbg lcachate collection system (LCS) (e.g. such as in the floor of the 
CCBPRL Subtitle D cell), the ALS incorporates the LCS to provide oxygen to the waste mass (it was demonstrated 
that the LCS could st i l l  collect leachate dunng air injecti”. Where vertical air h . o n  wells were also 
installed directly into the waste to provide additional oxygen. ZSllAfills with no leachate collection systems, can be 
readily retrofitted with horizontal and/orvertical air injection wells. 

Leachate, collected in the landfill’s holding tank was pumped into the system through a PVC and flexible hose 
leachate ncirculation system to the top of the waste. The systan then injects lcacha@ through the intemediate clay 
cap (which cwersthe waste) and into the waste mass. The leacbate then percolates downward mntacment to air 
that has been forced into the waste by the blowcrs. Leachatc that is not UtililrA during aerobic d#mnpostion 
migrates downward to the IandfU’s leachate dection system or recov~y wells, is pumped to the and 
recirculated through the waste mass. Ladills with w leachate callection systaas, can be rumfitted with horizontal 
andor vertical leachate rtcoyery wells at locations where leachate is likely to collect. This “closed-loop” 
configuration reduces the potentd for operator expo!mc to leachate and lninimizes operator involvement. A 
schematic of a typical ALS is shown in Figure 1. 

Aerobic Landfill Bioreactor 
coz. 4- 

Temporam CovcrSvstcm I 

-- Figure 1: Typical Construction 

The ALS was h d e d  into three areas. as shown in Figure 2: 1) air injection and leachate recirculation. 2) leachate 
recirculauon on&. and 3) active waste placement (no an or leachate injection). LFG data and waste samples were 
collected in these areas for comparisons. 
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Aerobic conditions were baland in the landfill by properly adJust.ing leachate flow and air delivery into the waste 
mass to keep the waste mass moistunied and aerated. Improper balancing of air and lmcbate can lead to poor ALS 
performance and, possiily, elevated waste mass temperatures. Technidans closely monitored the A L S  dunng the 
stamrpperiod (2 to 5 months) to CIlSurt safc. e f f e c t i v e ~ c o n d i t i o n s  Were established A d . t S  tothe 
system Were madebased on key data, as desc&edbclow. Afterwards, monitaring afthe system was readily 

require”sforlanctfilloperators. 
accoIllplishtd by site pe”el. Automation of system componats canbe implemnted to further “ize the time 

During ALS operation, waste mass moisture amten& temperature and &-gas -0nS (VOCS, ca, 02, and 
a) were measured in the field to ensure d e ,  effuent aerobic operations. Using “e probes, thermocollples. 
and vapor points that were installed directly into the waste, key aperatianal data were collected from portable 
monitoring instruments. Leachate andyscs mchdes, at a pH, lKN, TSS, specific condllctivit)’, BOD, 
COD, metals, and VOCs. Other data indodes an invartOry ofleachate pmdaction/usc for mass balance calculations, 
and measufe“  ofthe moisture amtent ofthelardfill gas. 

The primary goal of the ALS is to achieve optimum waste stabilizatian. This is defined in terms of decreased 
w d m  of leacbate constituents, d u d  “e produchon, and waste mass subsidenct. Laboratory adyses 

ontheleachate. Directmms”ents0flanmgases 
ofthe lardfill waste mass was mnitored 

provided the data needed to detamure . the A L S ’ S  e&ctiveness 
web used to determine the amountsofmShane~on. The subsidena 
by physical survey. Although, the biodegradatloa rate ofthis process canbe detGnnurcd . i n v a r i ~ A a I l n ~ f o r t h i s  
application, the biodegradation rate was dcterrmned . basedonoxygenuptakerates,andwastemasstempe” 
“ e n t s .  The~ofthec~F%LALsarepmvidedbclow. . 
Upon complete stabilization ofthe waste, the ALS will be removed, the tc”y soil cwcf stripped back and 
stockpiled, and replacedonanew lift ofwaste, thaebyrhimizin3materialcosts. 

Specifically, the ALS demonstrated: 1) a signdim increase in the b i o d e g ”  rate of the MSW over anatrobic 
p r o c e s s e s , 2 ) a ~ o n i n t h e ~ ~ o f l t a c h a t e a s w e l l a s ~ ~ c ~ 0 n ~ i n l ~ , ~ 3 ) s i ~ ~  
reducedmethane gcnexation. in addition waste settlement was obsemcd astbe ALS stabilized the orgaxuc pomonS of 
the waste mass. Thesebencfits were abtained while maintaining an optimum “e content of the waste mass and 
statnkd waste mass tempemms. Table 1 provides a summary ofthe results: . .  

*- I ’- 

Tnbk 1 s.nunUy of RLsp)b 
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At system starhrp, 4 initiallyincreasedin manyofthevaporpointS insatcdhthewaste mass. In con- with 
thus, C 4  fell in i tMy and then rose in close correlation with 4 co-m When m e d  with the methane 
levels, these gasreadingsindicateda"ah 'on from aaaerobic to at least pamal aerobic ": CoZ rises 
as 02 is collrinmed and CH, productianfalls of€. Based on direct-* thermocouples inserted in the 
wastc, wastc mass temperatures lE"ed . stablebctween 40" c and 60°C after aerobic COnditiOlIs had been reached. 
waste mass moisnrre was above 50% (Wh) in the most active arcas. overall, these data indicated that acrobic 
CoItditioILS within the waste wcre attained. Typical landfill gas and waste mass temperature data is presented in 
Figure 3. 

"t  - - \  

Laboratory amlyscs of Biochemical Oxygen Demand @OD) and Volatile Organic compo\md (VOC) conccmations 
in the leachate indicated significant e o n  by the aerobic proass, as shown in Figures 4 and 5. BOD in the 
"Sump One" samples were reduced by at least 70%. Organics such as methyletby1 ketone (MEK) and acetone wcre 
reduced sigmficantly; also fecal colifiiwas &minatedfromthe ieacbatt. Total VOC a " a i o n s  in the many of 
thevaporsamplescollectedwtnlessthan 1 ppm. 

BOD at CCBPRL: Sump 1 md Lorchstc Tank, 
~ i o m - l o w  

Organic Analyses- Leachate Tank 
2ooo 
is00 

is00 
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Figure 5. VOC Analyses . . Figure 4. BOD Analyses 
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Prior to ASL startup in January 1997, the CCBPRL sent appro- 120,000 @om of leachate each month to 
the local treatment plant. This leachate was gumpedthroughthe land6ll.s ~lcw lift station (a capital investment of 
approximately SlOO,000) with no jm-txealment. 

Duringthe first six months afkr A L S  startup, the County did not pump any ltadrate tothe treatment plant. As of 
March, 1998 (14 months since startup), the County has onlypmnpad a total of250,OOO gallons to the treatment 
plant. If a leacbate productian rate of 120,000 gallons pa month WQC "id, apprmrmpat * ely 1.68 million 
gallons (120,000 gallons x 14 months) would have rtquired As a rwnlt, the (l"s leachate treat" 
needs were " i b y  over 85%. 

It is estimated that this rectuctian ofleachate is caused, in par&, bytk  evaparatin &em ofthe higher waste mass 
temperatures and the &ef3s d air Qylng aut the waste. Additianal studies - . to this ef€cct are ongoing, 
including evahmions ofwaste mass field capacity. 

The waste inspections indicated that the readily degradable matcnals, such as food wastes, vegemion. and papa 
procfuas, hadbeen signif~cantiy ampaed to a brown, rich humic material. In a", inspaction ofthe waste 
samples d d  from the excaw" * in the "an#rObic" areas c"d little to 110 degrsdatlan ofthe organic 
wastes prcsad Also, odors f" the excavations in the "m . anas had !4gnificant ammonia and sulfur 
cOmpOltcnts M s w ~ i n t h e s e t w o a r c a s h a d b e c n p w  intothe landfill at app"afcly the same time. 

In addition, it was natedduringthc excamionsthat the la~ge, . lanrlfillmatqialSwercanangedina 
matrix, oomaining largevoid spaces that were filled with organic material$ as & s e n i i  abovt. It is likely that 
altbaaghtheaaobicpaocessdid little toreduce the"l rtresrghofthe matrix "iah ( a t t r i i l e  tothe 
minarsettlanemdfintamediate clay cap). this matrix still a l l d t k  injefxed airami leachate tobe introduced to 
the mon easily degraaaMe or- matter. 

Waste &emem 1s a fi" of waste types. compachon density, "e. landfill heights. and hme. Despite the 
"bndgmg" effect described above. the I 1  months of operation. the! types of fecalcltrant waste encountered and that 
the waste was. on average. only 10 feet deep (approx.), physlcal waste surveys, taken before and dunng the project, 
indtcated cwef settlement at several hG"s in the aerobic test area. (Table 1) Although it is apparent that the ALS 
can compost rwhiy degradable landfill wastes despite these limtauons, it is recommended that inert and recalatrani 
materials such as mted lumber. concrete. wood wastes. and thick plashcs be placed into CBtD-type landfills or 
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recycled, where appropriate. This would allow the ALS to compost a larger percentage of landill materials in a more 
efficient manner. 

Based on other composting studies, it is estimated that the A L S  will increase the predicted landfill waste settlement 
as a result of the overburden from htum waste lifts. Meanwhile, the ALS continues to aerobically degrade and 
reduce the strength of the waste, as shown below: 

Close-up of Aerobically Composted MSW 
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While the ALS depends upon complex biological me&“% this technology can easily be incorporateed into new 
and existinglanlffills insucha manner as to minimize its impaa onthe ladfill operations. Since the degraded waste 
at CCBPRL is similar in nature tothe waste in many OtberlamElls, thebencfits nalizedby Columbia County using 
the ALS can repeated worldwide. As this technology develops, additional system data can be evaluated to optimize 
performance of mure ALS systems. 

The potential cost bene6ts of the ALS include: 1) increased rwcllxlcs through airspace recovery, 2) reduction in 
leachate contaminants and volumes, 3) reduction in methanc gas gtneratian, 4) reduced closnrt and post-closure 
costs, and 5 )  lduced cnvinrnmental liabilities. In addition, this design incorporates a practical, c o s t ~ e c t w e  
approach to providing air and moisture tothe waste mass. 

1. 
Inprevious laboratory and bench-scaie studies, MSW settlement by aerobic degradation has been obeserved to be 30% 
and great&. Asnrming a waste mass settiement of 15%is achievwl at the C W ~  the nemaining fill capgcity of 
720,000 cubic yards could potentially be extended by 107,000 cubic yards. Using a net bpping fee of $24.50 per ton 
(S32.5Ohon gross fee minus Wton OBtM costs) and a “pactd waste density of0.65 tons per cubic yard additional 
rcvcnues to the landfill couldbe up to $1.7 million. This amount docs not acanmt far fimnc value ofthe rcvenucs 
which could yield a much higher net value. Additionally, this 15% krease in air spact could extend the life of this 
hdfillby almost ayear. Waste is accepted at the CCBPRL at ante afapproximawly250 tons per day. 

Recapturing ofAir Spce/Ejctension of LandJTII Lifi 

... 7 

With an ALS in place, concentrations of organic compounds typically found in aging leachate streams, such as 
toluene. methylene chloride, and methylethyl ketone (MM), as wedl as BOD (a “ e n t  of leachate strength), 
canbe more rapidly reduced (as “pared to under anacroblc . conditions) as the result of the ALS. 

Reduced Land/ill Leachate Management Costs 

In &tion the avuallvolume ofladfi l l  leachate canbe rcduad. As presented earliex, the ALS at the CCBPRL 
reduced approximately 120,000 gallons of leachate from the entire h d f i l l  each month. Based on this benefit a 
landfill with leachate generation of 120,000 gallons per month and a treatment cost of 3 cents per gallon could save 
at least $21,600 per year (1997 dollars) assuming the ALS reduced leachate bv onlv 50%. At a 6% intam rate. 
fuhut v a l ~  savings would be ~ e r  $222.000 a v c ~  40  year^ (10- af landfill operations p b  30  year^ ofpost- 
closure leachate treatment). 

3. 
There has been much focus on the earth’s environment since the 1980’s, includmg extensive d e s  on its 
atmosphere. Fueled by cfiscussions on “global warmmg” and the possible ef€ects of “greenhouse gases’’ on thc tarth 
and human population, many gov- are setting reduction goals, and cncouraglng the developmemt of new 
methods for redunng these gases. In the U.S.. feccnt changes to the Clean Air Act (CAA) rtgulatlons require speufic 
controls and monitoring pmvisians be implemented for methane production from landfills. also a ”greenhouse-gas.” 

h4ethane Gar Management Cost Savings 

One methane management appmch 1s landfill gas (LFG) for energy rccovezy, OtbCMrlse known as ‘‘waste4o-energy” 
(WE). At several landfills. the LFG IS produced under mostly anacdnc condinons and the methane capnrred 
cleaned, and used for combushon and/or supplemental fuel. However, although W E  is feasible. tlus methane 
management approach does not offer attractlve economc advantages for many other landfills The FPA’s Methane 
Outreach Program (1997) emmates that of the approxlmately 3,700 landfills in the nahon, only 750 are comdered 
d d a t e  WTE W i l l s  ms leaves approxlmately 3,000 non-c.an&date landfills. many of whch may face methane 
gas compliance wth few lowcost LFG management opOons. This assessment 1s based on factors such as the sne of 
U S. iandfills. then locauon and proxlmn to a potenad LFG user, and potentml market con&aons 
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In an attempt to increase the produchon of LFG to make WTE possibly more economim attractive, a number of 
studies have been conducted using leachate “ l a t i o n  technologies under anaerobic conditions to increase the 
production of methane and other gases. In these cases, increased LFG is produced, capnrred, cleaned, and used for 
combustion and/or supplemental fuel. 

Despite the limited success ofwTE projects as well as demonstrations that optimize LEG production, there are 
severalissuesofpotentialconcem. 

Increased production of methane could increase, if not mate, new CAA regulatory compliance requirtmentS for 
certain landfills. Not only would capital and 0BtMcost.s incrcasebut regulatory compliance cost may as well: 

The size of the landfill, its location, and pmximity to a patentd LFG user, a d  maTket conditions could still not 
eer an attractive economic advantages even with an increase in electricity/Usable gas proctuctlon; 

At many landfills, them can be significant gas rtcovc~y ineffciencies with respect to the capturc of landfill 
metbane landfill (i.e. fugitive methane emissions). If there is an hacased methane gas proctuction via 
enhanced-wTE with no improvements in gas “very efficiency, thae d d  most Mdyk a high potential for 
increaseS in- methane emissionsfromthe larutfitl. This amld have significant regalatory impacts andor 
increasegascollection/~capitalcosts;anq 

WTE and edlanc&wTE projeas still operateunder anaerobic conditions. Ahhaugh catain organic compounds 
can be degraded nndn anaerobic conditions, t h e  remains the potemial over the long term, to increase the 
overall toxicity of ladlill leachate under anaQobic conditions. As a dt, the costs, environmental risks. and 
liabilities assodattd with anaerobic waste amditions within a landfill, as descrii earlier, could be issues for 
WTE landfills. 

In contrast, by minimizing the production of methane gas from landfills, the ALS provides an alternative, ~tufal. 
approach to rectuQng “g”e gases” that may be more costeffectivt. As presented above, the ALS at the 
CCBPRL demonstrated that methane gas was reduced up to 90% in many of the “aerobic” arms. At many landfills, 
one ofthe short-term cost savings associated with thisbendit could bethe coststhat would, othenme ’ .bedircCtedto 
methane gas collection, treatment. and management ophons. (Thu is provided that mrbon dioxide recovery is not 
required.) 

The long-term cost savings of reduced methane production (where WTE is not economical) may be sigmficant where 
reductions in regulatory monitoring and compliance &om are allowed. This would lower methane management 
costs and associated methane-related risks. Columbia County. for example, plans to seek regulatory relief of certain 
landfill monitoring requirements, based on h s  benefit. 

In this light, the EPA has recogxuzed the ALS as an e“g Tier II methane control technology and that this 
approach “is expeued to become a prime candidate technology for landfills in the U.S. and elsewhere that can not 
generate LFG in sufficient quality or quantity to economically recover the associated energy.“’ As this technology 
develops I”, additional performance data will be available to measure the impact of the ALS on reducing 
‘‘&reenboUst” gases. Discussions are continuing mith other state and federal regulator). agencies on possiile relief 
under the C M  usmg the ALS. Other cost benefits are being evaluated with respect to: 1) possible impack to landfill 
insurance pnr”s, 2) relief of certain f i n a n d  responsibility requrrements. 3) emission “shares”, and 4) the 
impact of meeting ‘‘greenhouse gas” reduction goals. Overall. this natural approach to methane control could be very 
beneficial to landfills. 

-- 

4. 
‘There are many lanctfills world-wide that pose threats to local groundwater and surface water resources. At many 
landfills. it is predicted that toxic compounds typically found in aging leachate streams nil1 ultimately leak through 

The ALSAs A Remediation Option 
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cracks that will develop in the landfill's protective liner systems and be released into neaxby water resources at 
elevated co"tTatiolls. Once released, these contaminants can migrate through the SubSllrEdce and into 
groundwater and surface water, causing scvere health effects. This is evident due to the incnaSing number of 
landfills that have (and are planning) to inilia& mediation aaivities associated with landfill leachate releases. Of 
the numezous gnnmdwata remediation technologies available, many leaking landfib with related grolmmvater 
problems look toward amventional "pump-aud-treat" or ex-sihc SJrStans as a solution. These type systems "er 
the contaminated ground and/or surface water through a series of pumping wells or surface intakes, and treat the 
influent using a variety dphymcal, chemical, and/or biological systems. 

Howewer, these type of- approaches are initiated only uper the release hasbeen identified In addition, t h q  
canbe exptnsive, and require extensive laboratory adyses, monitorin& andregnlatoIy compliance. Farthermore, 
using only a '"p-and-treat* approach for groundwater remed~& . 'oncanaddyearstoahdfillcltanup.Thesetyjx 

to well intakes. 
Asamungtbere is a high~cicncyrecavayofimpactcd gmmhmkr, this approgch still could take many years to 
meet gmmrdwater suallty st;illdards. overall, this is an i.lldirect response to icaking landfills that will inevitably 
extend the cost of site remediation A morepactivc approachis needed, one that not only addresses pnsmt 
w i m p a c t s  at la&iUs, but one that also adQess the landfiU wastc mass, bcfire it becomes a source of. 
&roundwaterco"ination. 

By ueating the waste aerobically with an ALS, the leachate is directly treated, before it can be released through any 
cracks in the landfitl liner. At larvtfiflfi lmdagoing (or preparing for) gmnndwata runahah . "thismdhodof 
ducctlytreatingthe waste (and leachate) would lesscnthetoxicity aftbe tscapizLg 1- thesety lesaentbetoxi* 
of the impacted gmundwater and redtrct "downstream" grormdwata re" . 'on efforts, saving pokmially 
sigruscam SJrStem operating and monitoring casts. 

systans, once installed, rely on subwnface hydrogcologv to transport i"i 

5. Odor Control 
In the "aerobic areas" of the CCBPRL, strong N H 3 -  and H2S odors 8ssociated with conventional landfill operations 
wertminunal thrwghout ALSoperatians. lnsuad, less pun^ o r g a n i c o d o r s ~ t i v c  ofcampostedwasrewerr 
detected F m  a public acccptaMx Perspecrive, this benefit can be imp0mmt to solid waste planners during the 
sting ofnew landfills or to address odor complaints at existing ones. 

6. 
Potential cost Savings d d  also be rmlized with respea to site closure. A recent study amhcted by the University 
of Ohio found that the mean cost of closing a Sanitary landfill (in Ohio) was $67.112 per acre. Postclosure care for 
landfillsinclude. at a mini". gmdwater, surface water and "e monitoring, as well asmaintcnanoc ofthe 
landGI cap. For many landfills closure and postclosure costsarc in the millioosofdollars. 

Reduced Ciosa~re and Post-Closure Costs 

Upon waste stabihzatton and reaching frill landfill capmy, the ALS provides the oppommity for ladfills to seek 
regulatory relief of closure and post-clo" m t o n n g  reqrurements. Smcc the a pomao of wage at the CCBPRL 
has been statnitzed and leachate qual* improved wa the ALS, the potanal for g"r rmpact by the leachate 
as wcll as the product1011 of VOCs and methane has been reduced. AS the system is to be expmded, aptrated and 
momtored. the potenmi to staMtze more of the waste will emsts. "here IS now an opportunity to demonstrate further 
reducnons in nsks to the emmnment based on future LFG. leachate. and groundwater anatyses. In thts light, ATI 
has begun Qscussions wth the Geargn EPD regardmg regulatory relief with respect to the County's closure and 
post-closure rqwrements. starting mth a request for a reduced momtonng program 

Addittonalh . landfills can conslder the optton of landfill m n g  as part of an ALS strategy In these cases, the waste 
IS rapidly stabilized in a more ttmely manner and the hurms removed. analyzd. and possibly used for agncultural 
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purposes or as landfill daily mer. The remaining nondegraded matter (plastics, glass, and metal) could have some 
market value, providing additional income for the landfill and reduchg ”UjFhnt” r c q c h g  &om (costs). This 
approach lends itself to a continuous land6ll, precluding the need for a costly permanent cap and the siting of new 
landfills, altogether saving millions of dollars. It is cautioned, howewer, that markcts should be first established and 
that the composted materials could be sold or re-used at a cost less than the &m to mine and process the stabilized 
waste. 

Moreover, a lessexpensive, “y cap would be used instead to cover the waste while it degrades, then removed 
to allow mining activities. New waste would be plaaxl back into the ladfill and the previously mined humis reused 
as a cover, prior to re-starting of the aerobic process. Under this opiion, a significant portion of the costs associated 
with the m e r ,  closure and post~losure, as dcscrii earlier, as well as siting new land6lls could be avoided. 

Overall costsfor an ALS canbe si-tly lower than the costsowners and opuatorswill face chningthe operation 
and maintenance of a landfill. Although, there are many hifill design and opcrationalfactoIs to consider aspart of 
the implementation of an ALS at a particular hdfill, it is estimated that an ALS would provide an attractive return 
on ipvestment for many landfills. The design of an ALS shuuld, at a “, consider the lanrffitl’s current design 
and waste operations, waste height and phmut t ,  environmental regulations, and site conditions. As presented in 
this papex, three possiile ALS approaches have been identified: 1) ALS applications on SUCCtSSiVe lifts of waste 
lanlffills (landfills under construction); 2) ALS applications on cxisthg laMffills; and 3) ALS applications with cell 
mining. 

The approximate capital cost for an ALS in these cases would be similar to the costs for a methane gas collection 
system (S25,OOO to $30,000 per acre). Since the ALS may preclude the need for gas collection system (due to reduce 
methane pmdumon) and that the ALS could re-use much of its original air and lccjatc injection equipment (less 
buried PVC piping and plastic hoses), the net increased capital cost would be minimal. Gas monitonng system(s) 
would still be required in with or without the ALS. Any capital investment in gas filter/combustion would be 
sigmficantly reduced. 

An ALS application in a cell approach whereby the waste is rmned could provide s i g ”  savings. Once the waste . 
is degraded and stabilized. the ALS equipment is then moved to an adjacent cell and this process repeated. The 
previously degraded wastes are then mined and recovered for market or for re-use. It is estimated that only a few cell 
areas would be required to perform this cycle of w e  plaa“t. aerobic d-n, mining. and cell re-use, rather 
than an entlre landfill. Ths approach could significantiy reduce landfill co-odcapital costs. 

In each of the three cases (or modifications thereof), Operational and monitoring costs would be moderate for each 
ALS cell start-up (2 to 6 months) and would include monthly l a t e  and landfill gas adyse.s as well as daily 
system momtonng by a t e c h ” .  After the start-up period. monitoring qui” (and costs) would be reduoed, 
and the system possibly turned over to lan&ll personnel. Depaading on the type of landfills (under amsuuction, 
exiwng), its construcaon. and regulatory requirements. O&M costs would most likely vary from site to site. 

However. compared to the costs of expenme site cleanups, methane gas and leachate managemex& closure and post- 
closure OBdK and the risks associated with landfill operations, it is estimated that the ALS approach provides 
potentially sigxuficant savings for many landfills. For example, based on waste settlement alone. the CCBPRL stands 
to benefit from an estimated two-year return on investment. Additional cost savings cwld be realized as the leachate 
and methane gas management costs are reduced, as &scussed above. 

155 



AMERICAN TECHNOLOGIES, INC. July23, 1998 

For landfills worldwide, the ALS promotes a change in the overall of solid waste e. In many 
cases,theALS sefyesasmeans to operate landfitlsmore e4Sckdy. Additionally, the ALS serves as a cost-ef5ective, 
aerabic 'on solution for taruffills which are advendy impding the c"mt. Through the continued 
development of this tezlmology, the ALS will foster a new p" * onlanrtfillinPwastcan4atthesametime, 
reduce the cost burdens of landfill Operations a d o r  site "I 'an. In addition, the long-term liability and costs 
associatedwith landfill operationandcl~willbe patlyrrduced 
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Mr. Hudgins sems as the Project Mauagex for the ALS projcd and all of Am's landfill biotechnology programs. 
Mr. Hudgins' professional career has pnmady been involved with assessI1cIt and remediation of hazardous wastes, 
speaficaliy the development and i m p l m t i o n  ofbioaatment systems. He is a 1985 gradaate of the Citadel, 
holds a Bachelor &Science in Civil Engir#aink Mr. Hudgins has led syaem dtsignprograms, 
i n ~ g h a z a r d o u s w a s t e ~  . 'on systems, biorcmdatiioa, and b i o "  and odar a " 1  systems. as well 
a s g r o m d w a t e r a s s e s s m e n t a n d ~ e n t p ~ .  

Mr. March, a Biological Engincuing Degree g " t e  hm Tk University of Georgia is tk ALS project's field 
engineer. M r . M a r c h ' s w o r k ~ i n c h d e s a n -  - nsavchbadrgr"d,inctudingworkwithtreatment 
Of~waSteS,treatinghazardcRlswasteWithpl24lltS@hytarcmchatlon * ),andenymestudies.Hehasalsoserved 
as an immtigatorfor a state fimkdfire ant research program and helped M a p  a for fire ant control. 
M r . M a r c h h a s a l s o d e s i g n e d ~ a n d w r o 4 e ~ m o d e l i n g p h y t ~  * 'onofhcavymetals. Heisalso 
pursing a Master's Degree in Biological Enghdkg at Tk Univasay ofGeorgia 
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COMPOST FACILITY ODOR CONTROL USMG BIOFILTRATION: 
COMPARISON OF APPROACH AND PERFORMANCE AT AN OPEN FACILITY 

AND A TOTALLY ENCLOSED FACILITY 

R. Allen Boyette, P.E. 
E&A Environmental Consultants, Inc. 

Cary. North Carolina 

INTRODUCTION 

odor amml is 01lc of the major issues affecting design and operation of compost facilities. Several facilities have 
been shut down becerrre of odors. OAen, thea shut Qwns ere a result of poorly designed or operated compost facilities with 
little or no odor control. Biofiltration systcms are dectivc at treating and reducing odorous emissions. The ef€cctivemss 
of the bioflter system is o h  times a function of the odorous air collection system. There are two general altematives for 
collection of odorous air firm aerated composting systems. The first alkmative is collection of all of the air inside a totally 
enclosed compost facility. Makeup air is nonnally brought into the b u i l h g  from outside to provide fresh air for worker 
comfort or for heat and moisture removal. This approach results in collection and treatment of large volumes of air with 
diluted odorous compound Concentrations. The second alternative is collection of the compost process exhaust. A blower 
is operated in the negative mode whereby air is drawn through the compost pile and then conveyed to a common odor 
collection header. This approach results in collection and rrcatment of d e r  volumes of air that is typically hot and has 
high odor cornpound concentrations. Tl$s paper presents domation at two fscilities that utilize t h e  diffacnt odor 
collection alternatives. 

Davenoort Compost Facility 

Basis of Design 

The City ofDaveqort, Iowa (the City) owns snd opaatcs a 28 Qy ton per day (DTPD) aerated static pile biosolids 
and yard wastecompostfacility. Thebiosohis ~ a n a a c b i d y d i g d  and then dewatered to between 13% and 20% total 
solids (TS) using belt filter presses The deunrtaed biosolids are hauled via dump truck fn#n the wastewater treatment plant 
to one of two biosolids receiving bins located in the mixing area of the compost facility. In addition, clean yard waste is 
deliwred by pnvate and public vch~~les to a paved outside storage area where it is ground through a horizontal g". The 
ground yard wasteissupplancnted by wood chips and rubber tire chtpsforuse as a bulking agent. The bulking agents are 
mixed with the biosolids through either of two continuous feed pup i l l  mixers. The flow of bulkmg agents and biosolids 
is controlled to acheve a target mix solids content of 40% TS. Compostlng cccurs in a 66,OOO square foot (SF) building 

provide aeration to the compost pile. Twenty-four blowers arc automatically controlled ( d o f f )  by a temperature feedback 
system to control the aeration rate to the 24 individual aeration zones. Following three weeks of composting, the material 
is scremed through a trommel screen. The overs are recycled as b u h g  agent, and the compost is cured for an additional 
30 days prior to marketing. 

~istotallyenclosedandmsulated ~~po~conrrctctrmchesareplecedintheconcret tcompostf loarand 

Dunng the planning stages of the projax one of Ihe primary objectives of the City was to effectively manage odors 
so there would be no off site odor impacts. To accomplish th~s primary objective, the mixing and composting areas were 
totally enclosed in an insulated pre-enp&ed building. The exhaust air fim the mixing area is utilized as make-up air to 
the compost building to reduce the total volume of air to be treated. Exhaust gas from the entire compost building is treated 
through a biofiltration system. The exhaust system ventilates a total of 2 lO.OO0 cubic feet per minute (CFM) and provides 

-1 2 air changes per hour. The biofilter consists of eight independently controlled blowers and biofilter cells. The odor 
coUection system consists of 12 intakes spaced equally along the wall on the east and west sides of the composting building. 
The ductwork is aluminum and conveys the exhaust air to the blowers and to the biofilter cells. A series of manually 

. operated dampers allows an individual cell or blower to be isolated for maintenance. The biofilter is 42,000 SF and was 
designed at a loading rate of five CFWSF. The exhaust air is conveyed through a series of polyethylene laterals with a 
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custom hole pattern to evenly distribute the air into an I8 inch deep aeration plenum. The aeration plenum consists of 
washed round stone and serves to evenly distribute the air through the biofilter m d a .  The media is four feet deep whch 
provides a nominal open bed residence time of 48 seconds. The media consists of yard waste compost and wood chips. An 
automated inigation system provides surface moisture addition to the media. 

Operating Experience 

The biofilter system began operating in July 1995. P e r f b m t ~ ~ ~  k h g  was conducted in October 1995 using odor 
panel analysis accordxig to ASTM E679-91, and an average odor ramval efficiency of 86% was achieved. Two of the eight 
cells had media removed and replaced in October 19% to comd drainage problcms rtsulting from improper pipe 
installation between cells. The originally installed geotextile fabric was also removed to enhance air distribution in these 
cells. The geotext.de fabric in the remaining six cells was ran~ved in May 1997. The biofdtcr system was initially designed 
to operate with spray d e s  in the duct ahead of the bidter for dust removal. The spray nozzles wcrt utdized sporadically 
during the initial two months of operation and have not been used since. As a r d t ,  dust accumulated in the au distribution 
laterals beneath the biofilter media. The laterals have been ret~ofitted to include an extension and end cap whch allows for 
p e n d c  cleaning. The biofilter system has operated efficiently, and no odor complaints have been received from neighbors 
since the facility began operation. 

CaDe Mav Countv Mun icibal Utilities Authoritv tCMCMUU 

Basis of Design 

The CMCMUA owns and operates a 20 DTPD in-vessel biosolids cumposting system to manage dewatered raw 
solids fi-om four secondary wastewater mtment plmts. The biosdids oompo51 ftrcility began operation in 1985. The facility 
consists of two Purac reactcx (vertical) vessels whch are totally enclosed in buildings. Oripally, the facility was designed 
to fimction with the two reactors in series. However. increased loading to Ihe plant prompted the CMCMUA to mod@ the 
facility so that both reactors operate in parallel. Dunng peak sUmmQtimc loading umdrtions, the reactors process 20 DTPD. 
The sludge cake is approximately 28% solids and is mixed with bulking agents such as shredded pallets and recycled 
material. Prior to placement in the reactors, the shredded pallets are typically mixed on a two to one ratio with the recycled 
material fi-om the reactors and then blended with the biosolids in an automated pugmill mixer to achieve a target mix solids 
content between 38% and 40%. Material is then loaded into one of the two reactors where it is maintained for a two week 
period. After the two week period, the material is discharged from the reactors into a dump truck and then transported to 
the adjacent curing pad where h t  end loaders place the material over aeration pipes. The pipes are connected to blowers 
in an extended aerated static pile fashion. Prior to the biofiiter project. the blowers operated either on or off as controlled 
by the operator with a cycling timer. 

Odor control at the “post facility has improved over the years to the point now where all fugitive emissions from 
the solids and bulking agent storage seas. buildings. the solids receiving buildmg, mixing building. and the composting 
reactors are being contained and collected for treatment in a three stage chemrcal scrubbing system whch then discharges 
exhaust gases through a lo0 foot high stack. While such an approach provided signnificant improvement in odor control at 
the facility, odor complaints persisted during peak loading conditions in the summertime months. It was determined by 
observations of operations personnel that off site odor impacts remain primarily from the untreated curing process odors 
rather than the scrubber exhaust. It was h s  area where fugtive odor emissions were identified as potential problems off 
site and where an odor study was focussed. 

At the begmmg of the odor study. some CMCMUA staffthought that enclosmg the cunng area and treatmg all 
of the buldmg atr was the only method to reduce odors from the cunng process The odor study venfied that the majonty 
of the odors were emanatmg from the cunng piles and that the majonty of the odors were generated m the first 14 days of 
cunng Figure I summantes the percentage of odorous emissions from the major sources Furthermore, the odor study 
determmed that 90% of the cunng odors appeared to be released when blowers were m the ”on” mode In a subsequent 
cempostlng bm study, the amount of odors generated were reduced by providmp alr contmuously rather than mtmttently 
(doff cycle) Based on h s  miormation, it was deterrmned that odorous mssions from the facility could be substantially 
reduced by mstalimg an aeration system that could operate in the negative mode, thereby pulling air though the compost 
piles, and collectmg t h ~ s  odorous process alr for treatment through a biofilter system 
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FIGURE 1 
CMCMUA COMPOSTING ODOR EMISSIONS 

1 

. .  

% Contribution of Sources Dunng Reactor Bscharge 

Curing Piles 
79% 

The odor control @on ofthe curing pmcess involved the first 14 days, and the new biofilter odor control system 
wasdesigned to consist of the following: 

b 

b 

Ten variable speed curing blowers with a capacity of between 200 and SO0 CFM. 

Two biofilter booster blowers, each rated at a capacity of 1,200 CFM. 
Two cooling chambers designed to reduce curing pile exhaust temperature to less than 4OOC. 

Central odor collection ductwork to convey exhaust gases firom the curing piles to the biofilter system. 
b 

b 

b Two biofilter cells with an dective treatment area of 300 SF each. 

The modified process description is as follows: 

Compost discharged firom the reactors is placed in an extended aerated curing pile for the first 14 davs out of the 
reactor. The curing pile aeration blowers are connected to four inch diameter hgh density polyethylene (HDPE) perforated 
aeration pipes. Th~s aeration pipe has a custormted ’ hole pattern for even air distribution and is reused &er each curing 
cvcle. The variable speed blowers are operatcd at the higher aeration rate initially as the material is discharged fiom the 
reactor. The system is sized such that two of the aeration blowers can operate at the maximum aeration capacity of 600 
CFh4, and six ofthe Beration blowerscanapaate at a lower aeration rate of200 CFM with two fans in stand-by. The curing 
aeration blowers are operated utilizing a temperature feedback control system which is controlled by temperature sensors 
in the cure pile blower exhaust airstream. 

Exhaust gas is discharged fiom these blowers into one of two chlorinated polyvinyl chloride (CPVC) collection 
ducts which m-e used to umvey the odorous gases to the biofiltration system. The biofilter blowers are operated at a constant 
speed to provide I200 CFM ofcapacity through the system. During pen& when inadequate flows are being provided by 
the curing blowers, outside air is automatically introduced into the ductwork to maintain a constant flow rate to the biofilter 
system. Two cooling chambers were colLstlucted out of surplus aluminum storage tanks with coarse spray nozzles at a water 
flow rate of between 15 and 20 gallons per minute. These cooling chambers provide a nonunal gas residence time of 3.75 
seconds to allow for cooling of the curing pile exhaust gas. The gas then passes through the biofilter blowers and is 
dis!ributed to two independently operated biofiltcr cells. Each cell is an open bed design consisting of a main distribution 
header and six air distribmon laterals (six lnch diameter) beneath the biofilters. The cells include a PVC liner to collect any 
excess irrigation water which is drained back to the wastewater plant for treatment. The distribution laterals are placed in 
an 18 inch deep bed of washed, round stone above which is a four feet deep layer of media consisting of a d o r m  mixture 
i f  wood chips and s t a b i W  yard waste compost. The gas loading rate to the biofilters is four CFWSF, providing a nominal 
gas residence time of 60 seconds. Moisture control in the biofilter cells is provided through surface irrigation during 
summertime months. During the wintertime, the filter is operating in a condensing mode, and surface irrigation is not 

- necessary. 
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Operating Experience 

The biofiltration system has been on-line since July 19%. Odors from the curing portion of the compost facility 
decreased markedly since the facility was placed on-line. Prssures and temperatures to the system are measured on a regular 
basis by operations personnel. The &tion of the automatic tcmperanpe fetdback control system has reduced the level of 
effort rtqulred to monitor the curing operatim Once a curing pile has been conshuctcd, the blowem are placed in automatlc 
mode. The PLC based control system adjusts the variable speed blowers to maintain prc-detcmhed set points. The status 
of all equipment is graphically displayed in the control room. The performance trends of each blower is also recorded by 
the computer 

Two Operational ppbkms slvfacsd during tbe initial oper8tiaa of the facility. The fmt problem was with regards 
to &g of the cooling chamber. Tht ai@ design crllad for the use of nan-potable water (duen t )  &om the neighbonng 
wastewater treatment facility to cool the curing gases rrnd rcm~ve some of the Bmmonia The high seasonal temperature 
(approximately 27°C) of this water did not provide a great enough temperature Mcrence for adequate cooling, so a well 
was drilled to obtain lower tanpaatlae w e .  The wdl wata was cxtrancly hard and had a near neutral pH. The hgh level 
of ammonia within the curing process offgas resulted in a slight bcrcase in the spray water pH due to the high solublty of 
a " i a  As a rcsult, precipitation of salts OcCulTed creating a heavy scale farmatian on the packing and the inside walls 
of the cooling chamber. A small acid fad system was installed to edd sulfunc acid to the system to lower the pH level, 
hearby minimizing scale farmation and maximking ammonia ranoval. The sccond problem which occurred during initial 
stages of the operation was that of increased backpressure and deaeased flows. Initially, the cells were constructed with 
a v i l e  fabric between the stone layer and the media This fabric fouled within eight months of start-up resulting in a 
demased d o w  to the biafiltas sub6;equent ranavel ofthe geotdk  fabric and replacanmt with a six inch layer of wood 
chips in the spring of 1997 resulted in normal Operations at the facility. Flows and pressures within the system are at or 
above the design levels. 

Performance testing of the bioi& system was umducted in July 1997 during peak loading conditions. The 
biofilter achieved 98% odor removal 85 by ASTh4 E679-9 1. Ammonia conCtntratioas to the system were between 
225 and 275 ppm. The spray chambarrductd the d a  conctntrahn by approximately 58%, and the overall biofilter 
system achieved a 99.9?? a " i a  mnoval diciency. In the sprrng of 1998, new cooling chambers a d  a mist eliminator 
were installed to further enhance cooling and m o r i a  removal prior to the biofilter. In an effort to optimize biofilter 
performance during peak odor codtions, the CMCMUA has replaced the media each year of operation. 

COSTS 

Capital costsfor the Davenport Compost Facility biofilter were approximately $490,O00 or $2.33 per CFM of air 
treated. Capital costs for the CMCMUA Compost Facility biofiltcr (not lncluding curing costs) were approximately 
$135,000 or $56.25 per CFM of air treated. The higher cost per CFM at the CMCMUA facility can be attributed to the 
following factors: 

b Economies of scale 

Use of PVC liner 
Use of spray chambers for cooling and ammonia removal 

Use of concrete retaining wall for media b 

The largest portion of the operating cost for a biofilter system is typically electricity to operate the blowers. The 
second largest operatlng cost is gemally media replacement. Other costs include labar for periodic lnspcctians and testing 
associated with monitoring the biofik system and equipment maintenance. The operating costs for the Davenport biofilter 
are approximately S235.000 per year, or S t. 10 per CFM per year. This is based on m d a  replacement every two years. 
The aperatlng costs for the CMCMUA bidilter (not including compost curing costs) are approximately S 15,100, or $6.30 
per CFM per year. Thls is based on replacing media each vear. 

BIOFILTER DESIGN CONSIDERATIONS 
-- 

The Davenport Compost Facility and the CMCMUA Compost Facility illustrate unique methods of control and 
treatment of odorous emissions utilizing biofiltration. Table 1 summarizes each of the exhaust gas streams treated. 
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City of Davenport CMCMUA 

Exhaust Gas Source Compost Building Compost Curing Blowers 

M o w ,  CFM 2 1 o.oO0 2,400 

Temperature, O F  40 - 80 130 
1 

Dust High Low 

Met MI, Concentration. ppm 0 - 3 5  225 - 275 

Met Odor Concentration, D/T 350 - 640 4,825 - 5,790 

Loading Rate, C W S F  5 4 

TABLE 1 

The exhaust gas flow rate is much hi- when an entire building is ventilated as compared to only the exhaust gas 
fiwn the process blowers. The smaller flow rate fiwn the pnxxss blowers yields a hotter exhaust gas with hgher ammonia 
and higher odor concentrations. High exhaust gas temperatures require cooling prior to treatment through a biofilta. 
Biofilters operate more efficiently with gas temperatures below IOS'F. The higher ammonia levels necessitate the use of 
an d a  removal pre-treatment system to opbmize bioflter performance. The higher odor levels chctate a lower biofilter 
loadmg rate in order to achieve hi@ odor removal efficiencies. The high levels of dust associated with ventilating the entire 
building require dust removal pre-treatment or the ability to clean the dust out of the aeration system. 

CONCLUSIONS I 

Two distinct alternatives for the capture of odors at aerated compost facilities exist. These two alternatives are 
complete enclosure and capture of all exhaust air and collection of only compost exhaust air. The decision must be based 
on objectives of the owner/opemtor as well as financial limitations. 

L 

L 

The City of Davenport Compost Facility illustrates the odor control effectiveness of completely enclosing the 
composting ope" and &g all ofthe exhaust through a biofilter system. The CMCMUA Compost Facility illustrates 
that substantial odor miuctbn can be achieved through a biofilter system treating only compost process exhaust. Different 
design factors including the level of dust, ammonia concentration, and temperature of the odorous air must be considered 
when designing and opaatlng P biofilter system. In addiiion, an odor study can help identlfy odor sources and priontue the 
use of odor capture and treatment equipment. 
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MONITORING WATER QUALITY AT A FOOD WASTE COMPOSTING SITE 

Miguel L. Cabrera 
John A. Rema 

David E. Radcliffe 
Larry T. West 

Crop and Soil Sciences 

Athens, Georgia 
university of Georgia 

INTRODUCTION 

In 1993, the Georgia Diagnostic and Classification Prison (located near Jackson, GA) initiated an on-site 
composting operation to convert food waste into a useable by-product. Each week, inmates compost about 20 tons 
of food waste, which are mixed with ground cardboard, hay, yard leaves, or wood products. The operation takes 
place on a 1.2-ha site (3 acres) that drains towards a small, paermial stream. Because of the potential for 
contaminating surface and ground waters with nutrients derived from the compost, we initiated a study in 1997 to 
monitor the quality of surface runoff and groundwater at the site. 

MATERIALS AND METHODS 

The composting pad was properly graded and benned so that most of the surface runoff would drain towards 
one end of the pad (Allen, 1994; Block, 1997). During the study, all composting windrows were placed 
perpendicularly to the slope of the pad to slow surface runoff. A 45- ( 1.5-ft) H-flume and an ISCO 21 00 sampler 
(ISCO, Inc., Lincoln, NE) were installed at the lower end of the composting pad to monitor surface runoff. The 
height of water in the flume was continuously measured with a pressure transducer, with average water heights 
recorded every 5 minutes in a Campbell Scientific CRIO datalogger (Campbell Scientific Inc., Logan, UT). Rain 
data were collected with a tipping bucket rain gauge connected to the same datalogger. The ISCO sampler was 
activated every time water in the flume reached a height of 17 mm (0.7 inches). When activated, the sampler took a 
500-mL sample every 20 minutes, storing each sample in a separate bottle. Surface runoff from the site was 
monitored fiom December 2, 1997, through May 4,1998. 

To monitor groundwater at the site, we installed a 5-cm diameter (2 in), 5.4-m deep (18 A) well downslope from 
the pad, at a surface elevation of about 3 m (10 ft) below the surface of the composting pad. The bottom 1.5 m (5ft) 
of the well was screened. Since water in the well was found at a depth of 3.6 m (1 2 ft), the groundwater was at 
approximately 6.6 m (22 ft) below the surface of the composting pad. Before taking a monthly 1-L sample, the well 
was purged 10 times with a submersible, electrical pump. Groundwater was monitored from October 2, 1997 
through June 22,1998. 

Groundwater and surface runoff samples were brought to the laboratory and kept refiigcrated at 4°C (40" F) until 
analyzed. Groundwater samples were analyzed as collected, but surface runoff samples were filtered through 0.45 
pm membranes. All samples were analyzed for inorganic N and phosphorus with colorimetric procedures 
unplcmcnted on an Alpkem RFA-300 Autoanalyzer (0-1- Analytical, Wilsonville, OR). Ammonium-N was 
detmnined by the salicylate-hypochlorite method (Crooke and Simpson, 1971, and (nitriw-nitrate-N) by the Griess- 
Ilosvay procedure, after reduction of nitrate to nitrite with a Cd column (Keeney and Nelson, 1982). 
Orthophosphate-P was determined with the molybdate-blue method of Murphy and Riley (1962). 

-- 
The 5-minute averages of water height in the flume were used to calculate flow, which was integrated with time 

to estimate the cumulative volume of surface runoff at which each sample was taken. The measured concentrations 
of ammonium-N, (nitrate+nitrite)-N, and orthophosphate-P were in turn integrated with cumulative volume to 
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calculate the total mass of each species lost in each runoff event. To calculate the flow- weighted concentration of 
each chemical species, we divided the total mass loss by the total volume of surface runoff. 

t 

RESULTS AND DISCUSSION 

111 3 -5 

Between December 2,1997, and May 4,1998, there were 54 rain events that provided 871 mm of rain and 
caused 36 runoff events totalling 429 mm of nmoff (Fig. 1). The volume of surface moa expressed as a 
percentage of the rain, ranged h m  7 to 76% for the individual nmoff events, with an o v d  average of 49%. As 
expected, the large runoff events were observed with large rains that fell on a wet composting pad. The difference 
between rain and surface nmoff in each event was either retained by the compostjmg windrows or intiltrated into the 
soil. 
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Figure 1. Average daily temperature, rain, and surface runoff from 
December 1997 through May 1998. 
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Table 1. Date, rain, runoff, and flow-weighted concentrations of am", nitritehitrate, and orthophosphate. 

3 December 1997 

8 December 1997 

22 December 1997 

7 January 1998 

13 January 1998 

14 January 1998 

11 February 1998 

16 February 1998 

22 February 1998 

11 April 1998 

5.1 

6.9 

7.6 

12.7 

5.1 

10.2 

5.1 

12.7 

10.2 

23.0 

14.6 

6.7 

21.4 

26.0 

15.3 

27.8 

9.3 

40.2 

28.4 

44.9 

3.22 

5.72 

6.42 

4.32 

1.63 

9.45 

0.83 

6.66 

0.43 

7.68 

0.00 
0.00 
0.00 

0.00 

0.00 

0.06 

0.28 

0.12 

0.06 

0.01 

0.09 

0.10 

0.20 

0.13 

0.08 

0.33 

0.06 

0.1 1 

0.06 

0.1 1 

14 April 1998 46.0 44.4 3.22 0.17 0.05 

We collected and analyzed runoff samples in 11 of the 36 moff events observed. In general, the concentrations 
measured were low at the beginning of a runoff event, and increased with cumulative runoff (Fig. 2). The range of 
nutrient concentrations in the individual samples was 0.17 to 24.85 mg N E' for ammonium, 0.00 to 4.82 mg N L' 
for nitratei-nitrite, and 0.02 to 1.22 mg P L-' for orthophosphate. 
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Figure 2. ConcCntrations of ammonium-N, (nitrite+nitrate)-N, and orthophosphate-P as a 

function of cumulative runoff in runoff events of January 7 and February 16, 1998. 
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The flow-weighted concentrations in individual runoff events ranged from 0.43 to 9.45 mg N L-' for ammonium, 
from 0.00 to 0.28 mg N L-' for nitritehitrate, and from 0.05 to 0.33 mg P L-' for orthophosphate (Table 1). In most 
cases, the concentrations of nitritd-nitrate were low, with the exception of a runoff event on April 14,1998, in 
which the values were relatively high (Fig. 3). The low concentrations of nitritd-nitrate in most runoff events were 
probably due to the average temperature being below 1 K ,  which is considered to be the threshold temperature for 
nitrification. At the beginning of April, daily temperatures i n d  to about 15%, favoring nitrification (Fig. 1) 
and resulting in higher nitritd-nitmte concentrations in the runoff of April 14. 
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Figure 3. Concentrations of amm0nium-N and nitrite 
nitrate-N in the =off event of April 14,1998. 

'J 2.0 

a 
E - 
f 
W 
I- 

1.6 

1.2 

0.8 
0.4 - n: 

0 N D J F M A M  J 
MONTH 

t 0.0 
t 

The overall flow-weighted concentrations for the 
11 runoff events were 4.87 mg N L' for ammonium, 
0.09 mg N L-' for -, and 0.10 mg P L-' for 
orthophosphate. These concentratians of 
nitritc+nitrate and orthophosphate arc low and not 
likely to caw e n v i r o ~ t a l  problems in surface 
waters. In c o n w  the concentration of ammonium is 
rather high and may kad to eutrophication problems 
in d a c e  waters in which N is the limiting nutrient. It 
should be noted, however, that the significance of a 
high concentration of am" at the edge of the 
composhg pad depends on the dilution that may 
occur Erom the edge of the pad till the point where the 
surfacerunoffentersthenembystream. Ifthe 
watershed contributing to the nearby stream is 

ammonium concentrations to decrease or eliminate the 
potential for eutrophication. Thus, the next step in 
the evaluation of the potential of this site for 
contamination of surface waters would be to conduct a 
study in which the qual~ty of surface runoff from the 
composting pad is monitored simultantously with the 
quality of water in the nearby strcam. 

relatively large, there may be enough dilution of the 

Nitriw-nitrate concentrations in groundwater 
ranged from 0.50 to 1.49 mg N L' during the 
mtaSurement penod (Fig. 4). A peak observed on 
March 27,1998, may have been due to nitrate leaching 
fiom the compostlng pad. Nevertheless, the 
concentrations were at all timcs well below the 10 mg 
N L' drinking water standard established by the 
USEPA. Considering that this site has been in 
operation since November 1993, these results suggest 

Figure 4. (Nitritc+nitrate)-N concentration in groundwater that leaching from the COIllPOSting pad docs not 
samples taken from October 1997 through June 1998. appear to be contaminating groundwater. 

_. _ _  
CONCLUSIONS 

The flow-weighted concentrations of (nitritenitrate)-N and orthophosphateh in surface runoff from the 
cq.mposting pad were relatively low and not llkely to cause environmental problems. In contrast, ammonium-N 
concentrations were rather high, suggesting the need for additional stu&es to determine the amount of dilution that 
occurs before runoff water from the composting pad enters the nearby stream. Groundwater (nitritenitrate)-N 
concentrations were at all times well below 10 mg N L', suggesting that nitrate leaching from the composting pad 
does not pose a threat to groundwater quality. 
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A CASE STUDY OF THE GREENVILLE COUNTY MULCHING PROGRAM 

Marciapapln 
Greenville County Solid Waste Division 

Greewille. South Carolina 

Program: Yard WasteIMulch Program 

Operations Manager: Marcia Papin. Solid Waste Manager 

Prom Start-up: July 1,1995 

BACKGROUND: 

Yard waste was banned from landfill drsposal on May 27. 1993. An intergovernmental agreement was 
enacted between the City of Greenville, the Greater Greenville Santtation (GGS) and Greemille County to jointly 
wqpost yard waste at the City of Greenvillc Landfill. Tlus agreement lasted until July 1.1995. All yard waste 
within the County was transported to GGS where it was processedthrough an in-line grinder and&scharged 
&recUy into a 75-yard transfer trailer and transported the mated to the City of GnenviUe's landfill. The material 
(in theory) was then fed in toa tub gnn&r, placedina windrow, andusedfordaily cavffonthe landfill. In reality, 
most of the mat& was pded into static plts directly from the transfer trailers, covered with soil and rexnains 
there to tius day. In July 1995, the City of Greenville closed their hdfill and Greemrille County became the only 
lined Sub Title D landfill within the County. 

PROJECTION DESCRIPTION: 

In July of 1995, our yard waste program began much llke the City's program.  Yard waste came mto our 
facility lose or in large chps after bemg inibally processed at the GGS fhcihty. We in turn processed that material 
through the W H 0 gnnder we reawed from lhe City and attempted to w-"w the matenal We soon reallzed 
that it was impossible to gnnd and compost the amount of yard waste we were &mg wth one employee. a 
small wndmvh turner and one htb gnnder We the plan and &te"ed tbat gnn<fing the yard waste 
into mulch and p i n g  it away to utuens would be more econonuml. reqwred no adchtional employees and 
provlded some much needed goodwill 

Greenwlle County receives an average of 123 tondday (TPD) on a 64ay work week wth an average of 
18 1 TPD dunng leaf season To address thls volume of yard vhaste we purchased a 1260 Dmnond Z tub gnnder 
and a grapple attachment for our rubber tire loader The grapple attachment enhanced the p " t y  of our 
loader s@cantly The Dmnond 2 tub gnndtr easlly handles 40 tons per hour Thtse improvements meant that 
one operator can keep up wth the waste stream. pedozm all mntenance and load mulch customers 

Yard waste received between March 1 and November 30 is ground into mulch and grven away to cimens 
(wlth margnal p l m c  contamination). We p w d e  complementary loading on Thursday. Friday and Saturday 
from 9:OO - 12:00 and 1:00 - 390. We load an average of 200 customers each day. However. dunng the winter 
months (and when plastic bag conmnation increases) we continue to gnnd and stoclrplle the mulch as the 
demand for mulch drops off. The stockpile consists of 2' lavers of mulch sand\lvlched between 1' layers of soil. 
When the season is over. we cap the entire stoclqnle. When needed. the ple will be excavated mixed with a kiln 
dned sludge (1 : 1 ratio) and used for b l y  cover on the landfill. We receive 200 tons/@ of kiln dned sludge from 
Wester Carolina Regonal Sewer Authority at no charge to augment our supply of daily cover material. 
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PROJECT UPDATE: 

s ThetotalamountofyardwasteprocessedbetwmJuly 1,1995andJuly 1,1998equals 116.184tons. 
B 

B 

The total amount of mulch given away to citizens equals approximale@ 40,000 tons. 
Total amounts used to mix with kiln dned sludge for daily cover equals 30,000 tons. 
Total amount stockpled, for future use as landfill COVCT, equals 45,000 tons. 

RECENT EXPANSIONS AND EXPECTATIONS: 

We improved the loading and unloading area with the addition of a 150' x 15O'concrete ped. This 
improvement has reduced tip wear. reduced the stat€ hours &dicated to replumbing stone and impwed customer 
relations. We also began an aggressive campaign to abrtize our fne mulchp". Ladfill cover was the 
primary user in FY%. However, during the last two years, outgoing mulch tonnages han htpt pace with 
incoming tonnages between March 1 and November 30. In an effort to improve the qual~ty of our pmduct, we 
implemented mandatory debagging for all yard waste received between M a d  1 and Novanba 30. 

YARD WASTE REDUCTION: 

our incomingyardwasteto~ges incrcasc every year because (3"e * Carmtyisahigh growth area. 
TheSolid Waste Division is contin~workmgtoeducate itscitizensakndtbebenefitsdcompoang. We have 

Gar&nersandschoolchildrcnrou~lytourthegarden. Classesin~mposthgarepaiodicallypwidedand 
compost bins are sold aMually at a nductd pia to citizens. 

established a compost garden at the Roper Mountain Scienct Center. The facility is "d by" 
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GEORGIA STATEWIDE HOME COMPOSTING PROJECT 

Dr. Wayne McLaurin - Professor, University of Georgia 
Dr. Gary Wade - Professor, University of Georgia 

Dr. Horace Hudson - Professor, University of Georgia 
Mr. Leamon Scott - Georgia Department of Community Affairs 

Ms. Lynn Cobb - Georgia Department of Community Affairs 

Landscape trimming constitutes 20% of Georgia’s waste stream each year, amounting to 1 million tons of material 
and costing the taxpayers S9O,OOO,OOO for disposal. The 1990 Georgia Solid Waste Management Law mandated a 
25% reduction in all materials going into Georgia landfills by 1996. Moreover, landscape trimmings were banned 
from all Georgia landfills in 1996. Public officials and consumers needed an efficient and economical means for 
dealing with the escalating environmental problem and for meeting the requirements of the new state law which 
mandated 

1. The separation of yard trimmings and solid waste. 
2. A ban on the disposal of yard mmmings at waste facilities. 
3. The sorting and composting of yard trimmings. 

The Georgia Cooperative Extension Service had long been an advocate of waste reduction through composting and 
had developed educational composting materials. In response to the passage of the bill and to the national CES 
Waste Management initiative these materials were expanded. As a result of these materials, we obtained a grant from 
the Georgia Department of Community ’Affairs @CA) and the Environmental Protection Division (EPD). With this 
grant we wrote The Georgia Home Commter  Handbook and along with the DCA developedthe first statewide home 
composting training program in the United States. 

I &  

Due to the tremendous amount of yard waste being generated and the need to keep the yard trash off the curb. the 
Department of Community Affairs initiated the statewide Home Composting Program. A grant from the EPA was 
the kickoff for conducting the statewide program and for providing educational materials for each participant. The 
University of Georgia became involved in putting together educational materials for the workshops. 

PERSONNEL 

This project involved three state specialists from the Cooperative Extension Service, who provided educational 
implementation and scientific support; personnel from the state Georgia Department of Community Affairs, who 
sponsored the program and selected the demonstration sites; state and local members of the Georgia Clean and 
Beautiful Commission, who assisted in site selection and coordination, and the Environmental Protection Agency, 
which provided funding. Meeting participants were community leaders, interested citizens, and city and county 
officials. 

MATERIALS 

The Home Commster Handbook, a comprehensive 152-page referencemanual on the science of composting provided 
a key component of this statewide educational program. The Home ComDoster Handbook was published in 1992 
and, due to demand, the second and third editions were published in 1993. The Handbook was designed so that each 
chapter stood alone and sections could be easily removed for reprinting and newspaper publication as well as for 
Master Composter presentations. The handbook has been adopted by the Department of Community Affairs as the 
*official composting guide for local govemments in Georgia. 

Another informational bulletin used was Composting and Mulchinz - A Guide to Manaeine Organic LandscaDe 
.. - Refuse, Circular 81 6, University of Georgia Cooperative Extension Service Publication. 
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Also, each site selectedreceived a set of laminated posters titled What s In Our Garbage?, Best Ever Compost, and 
How Does Composting Work?. Small scale models of three composting structures were given each site (barrel 
composter, wire bin, and turning unit). The Home Comwsting Handbook was available for each participant and was 
sent to each county Extension office in the state. A slide set Recycling Organic La&cape ReficFe was also given 
each site, as well as copies of the following one-page, three-fold handouts: 

Composting - Feed Your Landscaw - Not the Landfill, U of Ga CES Mp426 Mulching - Feed Your Landscape - 
Not the Landfill, U of Ga CES MP438 
Grasscvclinp-Feed Your Landscaue - Not the Landfill, U of Ga CES MP427 

Each site receivedcamera-ready copies of these three handouts for duplication purposes. The handouts were designed 
to permit application of local logos. To date over 300,000 of these handouts have been printed. 

PROGRAM 

In 1992, the Cooperative Extension Service and the Georgia Department of Community Affairs (DCA) teamed up 
to develop a statewide train-the-trainer program on horticultural waste recycling and curbside waste reduction. 

The ExtensiodDCA team established three goals for the program: 

1. To educate residents about the problems associated with solid waste disposal. 

2. To encourage individual actions to reduce curbside waste. 

3. To establish a network of community-based education programs on horticultural waste recycling. 

As part of the CES response to its national mandate and to the state Solid Waste Act, training meetings were 
originally conducted at 10 locations throughout Georgia and expanded to more sites later. In conjunction with these 
meetings permanent Home Composting Demonstration Sites were constructed that still serve as visual displays to 
aid composting efforts in these communities. The Department of Community Affairs gave each composting site a 
grant of $2,000.00 and encouraged the recipients to design the site to the best advantage for educational use. The 
only stipulation was that it be a walk through display with sufficient bins and appropriate signage for maximum 
educational effect. 

The training program was conducted through workshops designed to give home composting instruction to selected 
community residents who would in turn train others with the knowledge they received. 

METHODS 

These meetings were held at designated locations throughout the state. At each of these locations a permanent 
outdoor composting demonstration display had been set up; each display included various types of bins and 
compostable materials and offered a self-guided tour with the appropriate signage at each stop. 
The instructional effort involved using these outdoor displays as well as handouts, slide sets, videos, posters, hands-on 
demonstrations, and lectures. The demonstration team gave presentations designed to acquaint participants with the 
amount of organically-generated compostable waste that currently goes into the landfills and the simple, "fail-safe" 
procedures they could use to turn this waste into an effective mulcldsoil amendment for personal and community 
use. 

During the full day's training program attendees teamed about training volunteers, involving the community, selling 
the idea to and obtaining support from community officials, mulching, grasscycling, planning and implementing 
composting systems, buying or building compost structures, selecting waste materials (what and what not to 
compost), identifying basic biological composting processes in both aerobic and anaerobic composting, and acquiring 
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further composting information. In addition, time was spent visiting and becoming familiar with the composting site. 

During the meetings the demonstration team discussed with those present composting techniques developed for home 
owners. Team members also covered the basic biological processes in both aerobic and anaerobic composting 
including bacterial, fungal, and other organisms involved in the decomposition of organic materials, the effect of 
moisture and temperature, and the selection of waste materials that can be incorporated into home composting. Also, 
the demonstration team offered participants infomation on ways to involve the community and individuals within 
the community in the implementation of home composting. 

Directed especially to citylcounty officials present was information about the impact on waste reduction that could 
be made by full-scale participation in a home composthg Etiative. 

RESULTS 

In total, the program created ninety-four permanent composting demonstration sites throughout Georgia. These 
demonstration sites are now being used by the surrounding communities as teaching sites for the training of 
additional composting volunteers. To date, over 900 persons have been trained in home composting, as well as 
techniques and systems for relaying this information to others. Government officials have quickly endorsed this 
program because it is simple, cost effective, and sound. Mr. Jim Higdon, Commissioner, Georgia Department of 
Community Affairs, said "With your help, we have laid the foundation for a program which is sure to have a 
significant and positive impact on Georgia's solid waste stream". 

USE 

The Georgia Home Composting P r o g h  is currently being used as a model in 22 states that have requested the 
program, materials, and information. Additionally, the home composting program was awarded a Certificate of 
Environmental Achievement by The National Environmental Awards Council citing it "as a model of environmental 
excellence". The Program was recognized in the fourth edition of the Renew America EnvirOn"nnta1 Success Index 
as an outstanding educational program. The Georgia Home Composing Program has been recognized by Biocvcle, 
Resource Recycling, Solid Waste and Power. Alternatives, and Comwstine News magazines as the first state-wide 
home composting program in the nation. According to Lemon Scott, Director of the Governmental Management 
Division, Georgia Department of Community Affairs, "National publicity generated by the program has led to the 
distribution of information and materials to a multitude of agencies and individuals in other states". 

According to Robin Mitchell, Solid Waste Officer of the United States Enviroamental Protection Agency, The Home 
Comwster Handbook has been adopted by the EPA for use in its programs and has been made a reference in the 
Solid Waste Infomation Clearinghouse as well as EPA Headquarters in Washington, D. C. in addition, it is listed 
in EPA's Grant Output Directory as exemplary of current materials on home composting. 

There is a continuing effort to meet the needs of the counties and municipalities conceming their composting 
projects. Since the project was completed, there has been over 75 additional composting meetings held in various 
counties and towns throughout Georgia. In addition, 1 1 training sessions for county agents and school personnel and 
57 invited lectures have been requested of the Extension staff. The Extension staff will be working with the county 
agents and the Department of Community Affairs to continue conducting compost informational meetings as needed. 
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ABSTRACT 

Since 1993, Charlotte-Mecklenburg (North Carolina) Solid Waste Management's popular home composting 
program has reached over 1500 households. The program offers h a d - o n  workshops, free bin distributions. a 
compost demonstration garden and a how-to brochure and compost guidebook. Charlotte's hands-on home 
composting workshops teach a simple, inexpensive and effective method of making compost at home using a wire 
bin. Charlotte emphasizes teaching a specific composting method (a 'mo&l' approach) in its home compost 
program, rather than using a 'museum' approach of displaying many types of home compost units. Home 
comphsting is less energy intensive than large-scale centralized compost processing. Estimated cost of Charlotte3 
home composting program ranges from $21 to $57 per tonne ($19 to $51 per ton) over 5 years. In Charlotte, 
'macro' and 'micro' composters work together to implement community composting and to encourage public 
acceptance of composting as a resident-frieudly and environmentally sound technology. 

INTRODUCTION 

Much like economists, composters split into two camps, the 'macros' and the 'micros'. Macro' composters, 
working on a scale of truckloads, tonnes and hectares (tons and acres), approach composting as a way to manage the 
mountains of organic solid waste generated by modern cities, industries and agriculture. Meanwhile. measuring in  
wheelbarrows, buckets and shovelfuls, 'micro' composters see. composting as a way to grow bigger tomatoes and 
healthier zinnias, and to help the environment by transforming banana peels and autumn leaves into 'black gold' for 
their gardens. 

The biological processes in a well-managed backyard compost pile are fundamentally the same as those in  a 
carefully monitored aerobic windrow at a municipal composting site. Nevertheless, 'micros' and 'macros' speak 
different languages. 'Macro' composters discuss aerated static piles and process kinetics; 'micro' composters talk 
about the ratio of browns' to 'greens' and whether or not to add coffee grounds or eggshells. Sometimes, i t  is hard to 
see what the two have in common. 

In truth, both approaches transform 'wastes' into resources for building soil fertility and safeguarding the 
environment. Worlung together, 'macro' and 'micro' composters can help increase public acceptance of composting 
as a community-friendly and environmentally sound technology. and, at the same time, advance the science and art 
of composting. 

Community-sponsored home composting programs help build a synergistic relationship between 'macro' and 
'micro' composting. In 1994, Johnson found and surveyed 539 community home compost education programs 
around the United States and Canada (Johnson. 1995). Since 1993, Charlotte-Mecklenburg Solid Waste 
Management has sponsored a home composting program. Lessons from Charlotte can be useful for other 
communities interested in encouraging home composting, especially in the southeastern US. 

CHARLOTTE-MECKLENBURG'S HOME COMPOSTING PROGRAM 

Charlotte-Mecklenburg Solid Waste Management, a county agency, converts yard debris to mulch and compost. 
.using a windrow system, at two large sites. Yard wastes may not be landfilled in  North Carolina. The ciiy and 

.- 
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county collect yard waste from the curbside weekly throughout the year. Charlotte launched its home composting 
program, in part, as a way to cut the amount of yard waste put out for collection, to reduce pressure on its 'macro' 
facilities so they can run more efficiently. 

Charlotte-Mecklenburg's composting operations offer mulch and compost for sale, both on site and through a 
contract with a private firm that markets the compost under the 'Eco' brand. Home composting workshops and 
displays at The Compost Garden', located at Compost Central, the county's 25 acre yard waste composting facility, 
offer a way to publicize and market the mulch and compost, and increase positive public awareness of the county's 
yard waste operations. 

Kev elements: Charlotte-Mecklenburg's home composting program features four key components; hands-on 
workshops, free bin distributions, a compost demonstration garden and a how-to brochure and compost guidebook. 
Workshops teach residents a simple, inexpensive and reliable method of home composting. Over lo00 people have 
attended hands-on home composting workshops since 1994. In addition, the county has distributed almost 500 free 
bins at locations throughout the city. The Compost Garden is attractively landscaped with low maintenance plants 
well adapted to the Piedmont, and features informational signs on composting and examples of home compost bins. 
County residents can obtain a composting guidebook and brochure specifically designed to accompany workshops. 

4 brief hitorv: The roots of Mecklenburg County's home composting program go back to January 1990, when 
Charlotte environmental activist Martin Webster contacted the county on behalf of the 'Pile-it Project', a citizen- 
based home composting initiative. Brenda Barger began working on the program in 1992, when Cary Saul of Solid 
Wage Management named her to a newly organized Backyard Composting Education Team. 

Cooperative Extension Master Gardeners joined the effort in 1993, worlung with Steve Elliot. Compost 
Central's site manager, to create a 'vision' for a home composting demonsuation garden at Compost Central. Early in 
1993, representatives fkom Mecklenburg County Waste Management and Cooperative Extension visited the National 
Horticulture Society (NHS) National Home Compost Park in Alexandria, V i rp i a ,  set up by Joe Keyser, as well as 
home compost demonstration sites in North Carolina. After these visits, Cooperative Extension Agent Ted Caudell 
and Master Gardeners designed a 0.3 ha (3/4 acre) Compost Garden for Compost Central. 

The Compost Garden opened in July 1993, with more than a dozen models of commercial and homemade 
backyard composting bins on display. Landscaping featured drip irrigation and well-adapted native plantc. herhs and 
perennials. The front section of the garden was designed for workshops, with benches made from recycled plastic. 

Martin Webster taught Charlotte-Mecklenburg's first two home composting classes in August and Septemher of 
1993 at the Cooperative Extension Auditorium in the Hal Marshall Center in downtown Charlotte. Following a 1 
hour indoor lecture-demonstration, panicipanls took an optional field mp to the Compost Garden. 

Aftes Webster relocated to the Asheville (NC) area, Don Boekelheide was hired in early 1994 to work with the 
county's Susan &chards to write a composting guidebook and to organize and teach a series of workshops. 
Boekeheide. a returned Peace Corps volunteer with an agriculture background, suggested changing the composting 
workshops to 'Peace Corps-style' hands-on activities held outdoors in the Compost Garden. These workshops proved 
popular, and have been offered annually spnng and fall sincc April 1994. 

In fall 1996. building on the success of the home compost program, the county sponsored a free bin distribution 
and gave away over 150 bins in an hour. The following year. Boekelheide teamed with the county's Bobbie 
Campbell to write a $1O,o00 North Carolina state grant to fund four 'neighborhood compost fairs' in Charlotte. Over 
300 people received bins and saw a composting demonstration at these fairs. The grant also provided funding for 
revising the 'how-to' compost brochure and for a survey of bin recipients. The survey found that over 80% of free 
bin recipients continue to compost after six -months 

METHODS USED IN CHARLOTTE'S HOME COMPOSTING PROGRAM 
-- 
Best: Charlotte actively seeks out and researches home composting programs in other communities. 

Before preparing printed materials, staff carefully reviewed pamphlets and documents from other programs. 
including those from the Pacific Northwest (Seattle, 97; VanMiert, 91 ) and the National Horticultural Association 

-(Keyser. 93). The World Wide Web. especially the Cornell University Compost Site (Cornell. 98) and the Home 
Composing Listserv (Home Compost, 98) .  has provided invaluable information and feedback. 
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Hands-on extension-stvle workshom: For a $5 workshop registration fee, participants receive a wire compost bin 
and a guidebook on composting which covers the method taught in the workshop. Workshop participants learn a 
specific compost making method that is inexpensive, efficient and predictable in Charlotte's climate. Even 
composting novices leave ready to set up a bin at home and succeed in composting. 

Composting workshops are taught outdoors, hands-on. In classes of 8 - 20 (12 - 16 is ideal), participants build a 
bin just as they will in their backyard, using fallen leaves. Each workshop also 'turns' (remixes) a compost pile built 
by the previous weeks workshop, and adds kitchen scraps to a pile. Workshop members also see finished and 
actively decomposing compost in bins built by earlier workshops. 

Compost workshops are offered on Saturdays during a 5 to 6 week period in the fall. beginning with the leaf 
drop in October; and again in the spring, beginning in mid-March. Each workshop lasts 2 hours. Two sessions are 
held each Saturday, one in the morning, one in the afternoon. 

--tal, - acitv b h :  Workshops use a simple bin, a cylinder formed from a length of 5 cm x 10 
cm (2 in x 4 in) welded wire fencing 90 cm (3 ft) tall and 3.8 m (12 ft 6 in) in length. This cylinder holds slightly 
over 1 m3 (roughly 1.4 yd3) of materials. 

Charlotte chooses to keep home composting simple and low cost, requiring no mechanical shredding or special 
equipment. The low cost of the wire bins ($4.50 per unit) keeps workshops and free bin distributions affordable. The 
large bin is ideally suited to yard waste composting under local conditions. (An accompanying paper, entitled 
Charlgtte-Mecklenburg's Hands-on Composting Workshops and Home Composting Method: A Technical 
Description (Boekelheide, 98) details technical aspects of Charlotte's home composting system.) 

Free bin & t r i b u W :  Mecklenburg County has sponsored 5 free bin distributions, each with a live 
demonstration of the composting method. The first was held at the Compost Garden in the fall of 1996; the others as 
grant-funded 'Neighborhood Compost Fairs' at school and community garden sites in Charlotte in the fall of 1997. 
The county has distributed over 500 bins through these events. 

. . . .  

Onsoin* evaluation and research: Workshops, free bin distributions, and the compost method itself are the 
subjects of continuous evaluation and on-going research. The bins set up during hands-on workshops are a valuable 
source of information on the composting process, and have helped fine-tune the compost method we teach. 

All workshop participants fill out an evaluation form after each workshop. Both the workshop instructor and 
Solid Waste Management staff review these evaluations. Staff recently conducted a well-designed survey of all 
recipients of free bins during the 'Compost Fairs', with assistance in procedure and data analysis from Dr. Diane 
Zablotsky of the University of North Carolina, Charlotte Department of Anthropology and Sociology. 

e activities: Solid Waste Management is considering a new compost demonstration site closer IO 
downtown Charlotte, in cooperation with Mecklenburg County Park and Recreation; a 'Master Composter/Recycler' 
program modeled on the Cooperative Extension 'Master Gardener' program; offering more information and possibly 
workshops on natural landscaping, grasscycling, compost use in gardens, and vermiculture; and creating school 
materials for science education based on compostinp and vermiculture. Ann Gill has joined the Waste Reduction 
staff to manage and expand the home composting program. under the direction of Waste Reduction Program 
Manager Loret Hall. 

DISCUSSION 

The imwrtanc e of hom e comDosting: Although the amount of compost processed in a home bin is tiny 
compared to that processed in large composting operations, there are nonetheless unique strong points for a backyard 
approach. As Chiras points out: 

..-, 

-- 'Leaves, grass clippings, branches, and organic lutchen wastes can be deposited in small backyard 
bins where they decompose over time. Far less energy intensive than municipal composting 
programs, which often require weekly pickups and massive machinery to process the compost. a 
backyard compost bin takes very little effort on the part of the homeowner. Bacterial and other 
microorganisms do most of the work. An occasional application of water and a periodic turning of 
the pile is about all a homeowner need do Lo produce a rich organic soil supplement' (Chiras, 92). 
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Home composters also play a role in shaping the public perception of compostlng. Home composters can be 
persuasive 'good will ambassadors' for composting, both 'macro' and 'micro', able to explrun the benefits of 
composting across the back fence to neighbors who have little knowledge and sometime negative stereotypes about 
composting. 

'Museum' or 'Model'? Home composters can choose among scores of compost-making devices available for 
purchase, some sturdy and effective, others less so. Reflecting the marketplace, some home composting programs 
present would-be home composters with a host of choices. Many home compost demonstration areas, notably The 
NHS National Home Compost Park, are organized as 'compost bin museums', featuring everything from wooden 
three unit compost bins to rotating compost tumblers. 

Charlotte's Compost Garden used the 'museum' approach when it first opened. Over time, however, Charlotte's 
program has changed direction. Instead of offenng a 'museum', the Compost Garden and workshops now emphasize 
a 'model', a single inexpensive reliable method of composting that is easy to master. 

Which approach is better? Each has advantages and disadvantages, and the two are not mutually exclusive. 

A 'museum'-style composting demonstration site is relatively easy to set up if funds are available, and requires 
little home composting expertise. Building a garden is the type of project that attracts volunteers and favorable press 
coverage. However, once the site is completed, someone must continue to work on a regular basis to keep it in good 
condition, especially if bins are used to make compost as a demonstration. This has proven difficult logistically in 
Charlotte. A poorly maintained site may hurt home composting's public image more than it helps. 

A 'model' approach does not even require a permanent site, although one is helpful. Classes to teach or 
demonstrate the model can be held at community or school gardens, in backyards, or wherever materials and space 
are available. However, designing a mode) system and teaching hands-on compost ciasses requires staff skilled in 
both home composting and teachmg or extension. (Influential and effective home composting teachers, such as Jim 
McNelly or Richard Memll, make and use compost in their own gardens, and have years of experience doing so.) In 
Charlotte, community members with the needed expertise are hired on a contract basis, whch requires county staff 
time for working with and managing contracts. A good working relationship among all parties is essential. Some 
communities draw on Master Gardeners or specially trained Master Composer volunteers as teachers, but this also 
requires staff time to train, organize and support the volunteers. 

: Many enthusiastic novice composms are also enthusiastic but novice 
gardeners, with little idea of how to use compost most effectively in their gardens. Home composting classes must 
teach how to use compost. An obvious ally in this effort is Cooperative Extension, pmcularly Master Gardeners. A 
handout or brochure illustrating compost use and listing optimum amounts for different purposes (for instance. 
initial vegetable bed preparation, topdressing shrubs, and so on) makes a helpful addition to workshop materials. 

of d i v e r s i u  cost - -  w r  t m  : Estimating the cost-per-tonne of home composting 
programs is difficult, since much depends on the behavior of the composer (for instance - How many piles do they 
makeper year? Do they compost kitchen scraps as well as leaves? ). Further research in this area. especially 
following up with workshop participants to assess their composting patterns, would be of great value. For this paper. 
the cost-per-tonne estimate uses reasonable assumptions based on personal experience with home composting. 
discussions with workshop participants, and the recently completed survey of Compost Fair participants. 

Since 1994, approximately 840 tonnes (924 tons) of waste have been diverted by the home composting 
program. The waste is mostly leaf drop, with some garden debris and kitchen scraps. The estimated cost per tonne 
S21.4Monne ($19.48/ton), comparing favorably with the cost of large scale MSW composting at $50 per ton 
(Renkow. 96). The cost per ton for the home composting program will continue to drop each year the program IS in  

operation. Alameda County estimates the cost of their home composting program to be Sl8/ton ($1 9.80/tonne) 
(Alameda, 1997). This does not consider the value of compost to residents. Using assumptions based on the survey, 
home composters have produced over 275 tonnes of compost for home use. At the retail price of $3.75 per bag (1.5 
f t3  (-40 Ib, or -18 kg)), home composters would have paid over $160,000 for an equal amount of Charlotte's 
municipal yard wastecompost purchased bagged at the garden store. 
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CONCLUSION 

Charlotte's home composting program has made a positive contribution to waste reduction and a healthier 
environment since its beginnings in 1993. This cooperative effort has been lead by Mecklenburg County Solid 
Waste Management, in partnership with NC State Cooperative Extension and citizen environmental groups. 

Charlotte-Mecklenburg's popular program has supplied over 1500 families with the materials and know-how 
they need to compost successfully at home, by teaching them a simple composting method that works. These 
successful home composters reduce the amount of material which large public composting facilities must process, 
act as 'good will ambassadors' for composting with their neighbors and friends, and make a personal contribution to 
waste reduction and the environment while improving their own garden soil. 
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CEIARLOTTJGMECKLENBURG'S HANDS-ON COMPOSTING WORKSHOPS 
AND HOME COMPOSTING METHOD 

A TECHNICAL DESCRIPTION 

D. H. Boekelheide 
Home Composting Program 

Charlotte, North Carolina 

ABSTRACT 

Mecklenburg County Solid Waste Management (Charlotte, North Carolina) oflers two hour hands-on compost 
makmg workshops for residents. The workshop's objective is to enable participants to compost successfullv at home. 
Charlotte's method of home composting using an inexpensive wire bin is easy to learn and tailored to local 
conditions. Autumn leaf drop is the main feedstock; supplemental nitrogen is added IO bring the C:N ratio to 30: I .  
Bins have a capacity of 1 m3, and produce about 0.3 m3 of compost per batch. This paper inclrrdes a description of 
workshop activities, and discussion of technical issues in home composting such as lavering, turning. managing 
grassclippings, adding kitchen scraps, 'organic' versus 'budget' nitrogen sources, tools, materials and costs. 

INTRODUCTION 

?%e modem history of composting dates from Sir Albert Howards development of the Indore composting 
method in India during the early 1900s. J.I. Rodale, who brought Howards ideas to America, popularized home 
composting through Organic Gardening and Farming magazine, launched in 1942 (Haug, 1993; Rodale, 1960). 
Home composting today remains a fundapental garden activity, indispensable for organic gardeners who avoid 
synthetic fertilizers, and highly beneficial for those who rely on 10-10-10 or 'Miracle-Gro'. 

Cooperative Extension 'how-to' pamphlets on home composting date back at least to the late-l940s, and 
composting books by Rodale and others have long been a familiar sight on gardening bookshelves. Home gardeners 
today can access home composting information on the World Wide Web (Comell, 1998). An ever-increasing 
number of companies offer home compost bins, composting tools, compost inoculants and chipper-shredders for 
sale. 

Home composting is also an effective way to transform organic 'wastes' such as yard trimmings and kitchen 
scraps into an environmentally beneficial resource, without the need for collection, centralized processing and 
distribution. For more than a decade, municipalities interested in boosting home composting have sponsored 
education programs, free or subsidized bin distributions, home compost demonstration gardens and composting 
workshops. Initiatives in Seattle, Washington, and Alameda County, California, have been especially successful 
(Alameda, 1997). 

Since 1994, Charlotte-Mecklenburg, North Carolina Solid Waste Management Waste Reduction has sponsored 
a home composting program. Over loo0 residents have attended hands-on home composting workshops, where they 
learn an easy-to-master and inexpensive method of home composting tailored to the Pledmont region of the 
southeastern USA. (For more information on the historical and organizational aspects of Charlotte's home 
composting program. please see the accompanyng paper, Encouraging Home Composting the Hands-on Way: 
Lessons From Charlotte-Mecklenburg (Boekelheide and Barger. 19981.) 

and c-. Classic definitions of composfing such as Gotueke's (1977) and Haug's 
(1993) apply in a general sense to home composting, although home composting refers not to a single composting 
method but to a variety of techniques (Johnson, 1995). Home composting transforms organic wastes produced in the 
house and yard into compost or mulch on site. Typically, such systems are small, often with a capacity of lm3 or 
less, Ideally, backyard composting systems are low cost, easy to use. free from problems such as offensive odors. 
and able to generate a useful amount of compost for the home garden. 

Similarly. a macro definition of composr, emphasizing factors like stability, homogeneity and absence of 
-pathogens and weed seeds, provides a list of worthy goals for home compost rather than a workable definition. 

u 

F 
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CHARLOTTE'S HANDS-ON HOME COMPOSTING WORKSHOPS 

OBJECTIVE Participants will be able to make compost at home successfully 

ACTIVITIES Examine good quality finished home compost (made by a class the 
previous season) 

Build a 1 m 3 compost pile using a wire bin, with leaves as the 
primary feedstock and supplemental N (either a 'budget' source or an 
'organic' source), paying attention to moisture level and good 
aeration 

Turn (remix) a compost pile built by a previous class 

Add kitchen scraps to a working pile, cover 30 cm deep 

Discuss grasscycling, mulching and 'eco-landscaping' as ways to 
reduce and manage grass clippings. Discuss verrniculture. 

Distribute bin and guidebook to participants 

Questions, discussion and evaluation 

WORKSHOP 
ORGANIZATION 

2 hours 16 participants Offered spring and fall 
Active outdoor activities (old clothes and gloves recommended) 
Information presented during activity rather than lecture format 

Table 1 : Charlotte's home composting workshop - objective, activities and organization 

Home composting takes place largely under mesophilic conditions ( -10  - 43' C), and is not confined to the 
compost pile, but also occurs 'in situ' as the gardener uses partly decomposed compost in various ways around the 
yard. Home composters and gardeners often define the quality of backyard compost using something closer to 
aesthetic criteria than precisely measurable factors: 'Finished home compost is typically dark colored, easy to move 
with a shovel or fork, and easily mixed with soil using hand tools. The composted feedstock has transformed into a 
black crumbly material with a sweet earthy smell. 

HANDS-ON COMPOSTING WORKSHOPS 

The objective of Charlotte's home composting workshops is to enable participants to compost successfully at 
home. Workshops are 'hands-on' active learning activities, where participants build a compost pile similar to the one 
they will make in their own yard. The composting method is based on familiar home composting techniques. 
adapted to conditions in Charlotte and the Piedmont. 

Worksbom: Home composting workshops are open to all county residents, and charge a $5 registration fee. 
Participants receive a wire compost bin and a compost guidebook (Boekelheide. 1994). A second bin is available for 
an additional $5. Over loo0 people have taken a workshop since the program started i n  April 1994. ( In  addition to 
the workshops. approximately 500 residents have taken advantage of one of the free compost bin giveaways 
sponsored by Mecklenburg County five times since 1996. At each give-away, the workshop instructor demonstrated 
the composling method taught at workshops, using a lecture-demonstration format.) 
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WO-D a& ' v w  The organization of Charlotte's compost workshops owes much to Peace Corps training 
philosophy and practice (Peace Corps, 1984). Lecturing is kept to an absolute minimum; instead, information is 
presented 'just in time' as needed in class, or in response to participant questions as they come up. 

Before beginning the bin building activity, the instructor welcomes the group and invites participants to 'put on 
their gloves, roll up their sleeves and join in'. Since the guidebook includes all information presented in class. there 
is no need to take notes. The first stop for each group is a pile of finished compost made by a class during the 
previous season. Viewing the black rich compost invariably raises group interest and motivation. 

Each group then selects a location and forms the bin. Participants learn the 'campsite method' for siting a pile: 
Water readily available, a level spot, a convenient site (and, preferably. out of sight of the neighbors). The class then 
fills the bin in layers. The instructor builds the first layer as a demonstration; the class builds the second with a good 
deal of instructor input. then completes the third relying on themselves. 

After completing a new pile, participants 'turn' a pile built by an earlier class. Feeling the heat of the 
decomposing compost and measuring the temperature is another activity that generates intense participant interest. 
The instructor then demonstrates how to add kitchen scraps, using the class's newly built pile. 

At the close of class, the group holds a brief question and answer period and the instructor distributes bins and a 
17 page guidebook on composting and grasscycling. 

Workshoa . schedulirlg: Charlotte offers workshops in the fall and in the spring. The fall series runs from the 
time of leaf drop in mid-to-late October through late November. The spring series is offered from late March 
through early May, a period when gardeners clean up yards after the winter and countless bags of leaves are set out 
for curbside collection. 

\ 

Workshops are held on Saturdays, with one class in the morning from 10 AM - noon and a second from 1-3 PM. 
at the Compost Garden at Compost Central, Charlotte's large yard waste composting facility. Workshop enrollment 
is limited in theory to 16 people, an ideal number for a hands-on class. However, no one is turned away, and classes 
have been larger than 20 at times. If fewer than five people pre-register for a class that class is generally canceled 
the preceding Friday and the registrants informed by phone. The Compost Central location has a great advantage in 

providing plenty of leaves for hands-on classes (> 24 m3 per year). 

CHARLOTTE'S HOME COMPOSTING METHOD 

Backround. climate and ecolqgy: Charlotte is located in the central part of the American Piedmont (Godfrey. 
1997). Soil organic matter in the Piedmont is naturally maintained through autumn leaf drop. Mecklenburg is an 
urbanized and rapidly growing county, with few if any undisturbed natural areas. Charlotte is nicknamed 'The City 
of Trees' - majestic oaks line major streets, and autumn leaf drop is a major waste management problem. 

Mecklenburg County is on the border between USDA zones 7B and 8A. The climate is temperate. with four 
distinct seasons, though winters are mild, rarely falling below 0" for more than a few days at a time. Charlotte has a 
long, warm and humid growing season between April and October. with average summer temperatures in  the upper 
20s C. Between 100-120 cm rain falls annually. distributed more-or-less evenly throughout the year. 

In Charlotte. composting follows seasonal variations. Home compost piles built in the spring are ready within 
three months. for fall or even late summer use. Those built in the autumn are usually not ready for six to eight 
months, for late spring or (more usually) summer use. 

Bin materials: The compost bin used in Charlotte's classes is made of welded wire fencing. Several other 
public home composting programs around the US have used wire bins successfully (Composting Council, 1996). 
The relatively low cost of wire bins ($4.50 per unit) keeps workshops and free bin distributions affordable. The 
fencing is medium gage steel wire welded in rectangles 5 cm by 10 cm (2 in x 4 in).  The fencing is 90 cm ( 3  ft) high 
(taller fencing (120 cm (4 f t )  and higher) is very inconvenient to work with for people of average height). 

Composters make a bin by cutting a 3.75 m (12 f t  6 in) length of wire and forming it into a cylinder. The ends 01. 
- cut wire are bent back to keep the cylinder from unrolling. Each cylinder bin holds -1 m3 (-1.4 yd3) of material. 
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?he ample capacity of the bin is ideal for leaf composting. Rolls of wire 15 m (50 foot) long retail for $18 each; each 
roll makes four bins. 

Loeation and land DreDaration: The workshop suggests leveling soil under the bin and removing grass and 
weeds. Leveling is important, since wire bins have the disadvantage of 'slumping' when placed on a slope. In 
Charlotte's climate, bins work in either sun or shade. Roots sometimes invade bins under trees. Building piles on a 
layer of black plastic mulch covered with 7-15 cm (3-6 in) of inexpensive organic mulch or dry leaves solves thls 
problem. 

ComDostine m etbocl: Composters learn to build a 'batch of compost (filling the bin to capacity) using a 
layering technique. Each layer contains 30 cm of leaves, a nitrogen source, and a shovelful or two of worhng 
compost or topsoil. Classes select a 'budget' N source (cow manure plus 30-2-2 fertilizer or equivalent) or an 
'organic' N source (inexpensive rabbit food) (Tables 2 and 3). Using a manure fork, composters mix the ingredients 
of each layer while adding water to 50% by volume (the moisture of a squeezed-out sponge). After finishing the 
bottom layer, the composter uses the same process to make the middle layer, and then the top layer. 

Workshops do not recommend the traditional technique putting a layer of coarse materials such as sticks or 
brush at the bottom of piles, since that interferes with easy turning using a manure fork. 

M :  Workshops recommend four turns for the compost, the first and most important turning within the 

'm: Recommended tools include a five pronged manure fork or a D-handled garden fork; a container for 
gathering leaves, such as an old plastic garbage can; a wheelbarrow and shovel for moving finished compost to sites 
in the yard; and a garden hose or watering can to water the pile. I strongly recommend a piece of 'rebar' -1.2 m (48 
in) long. For people wishing to compost kitchen scraps, I suggest a 2-4 quart plastic container for the kitchen 
counter, and a simple 'poking' device made from a 5 cm x 10 cm (2x4) board 1.2 m long cut at a 45' angle on one 
end. This composting method requires no mechanized equipment, such as a shredder. 

frrst week. Subsequent turns are at roughly three week intervals. 

t Droduc-: Each bin, filled according to instructions to capacity ( I  m3), produces about 0.3 m3 of 
finished compost (-10.6 ft3). This is enough to amend 3 m2 (32 ft2) of garden bed (at 7.5 cm (-3 i n )  coverage), or 
topdress an area of 9 m2 (97 ft2) (at 2.5 cm (1 in) coverage). Purchased commercially in bags, 0.3 m3 of Charlotte's 
municipal yard waste compost sells for about $26.50. 

Materids not rec-ended for c-: The instructor warns participants against adding dog or cat 
droppings; large amounts of meat, fish or dairy wastes; oils and fats; pesticides, herbicides or other household 
chemicals; or sick plants and weeds that have set seed to their home compost. These materials can become a danger 
or a nuisance, and their safe composting requires more carefully controlled conditions than those in most backyard 
compost bins. 

DISCUSSION 

Charlotte's workshops teach a managed biological process approach (Golueke 1977) to building and 
maintaining the bin. By Golueke's taxonomy of composting methods, the Charlotte composting technique is an 
aerobic mesophilic non-mechanized system. Although a wire bin holds materials in place, the design is best 
described as a self-insulating 'contained' windrow. To design the system, I drew on personal experience, composting 
techniques used by Peace Corps and other well-established garden and horticultural programs, a literature review, 
experimentation at Compost Central and in Charlotte backyards, and suggestions from experienced composters. 

&she piles: Workshop participants learn that 'passive' leaf piles, without additional N, are a viable option for 
those who do not want a faster composting method. A 'passive' leaf pile gives'leaf mold compost' in  12-24 months, 
and a passive pile is far prererable to dragging bags of leaves to the curb for collection (Table 2). 

TECHNIQUES 

-- 

m: Layering is an easy way to arrive at the right approximate propomons of C:N. Some excellent home 
composting instructors, however, do not recommend layering and strongly prefer to pre-mix ingredients before 
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CHARLOlTE HOME COMPOST MATERIALS, CHARACTERISTICS AND YIELD 

Feedstock Mass Moisture N 
(kg) % Ye 

iome leaf compost without N ('passive pile') 

eaves 150 35 0.625 
uater 46 100 0 
'oral 7 96 50 0.6 

iome leaf compost with 'budget' N supplement 

eaves 150 35 0.625 
nanure 54.6 50 0.5 
30-2-2 3.5 0 30 

uater 47 100 0 
fora+ 267 50 1.5 

:ompost 12 50 2 

iome leaf compost with 'organic' N supplement 

eaves 150 35 0.,625 
*abbit food 22.5 15 2.56 
:ompost 12 50 2 
Mater 60 100 0 
toral 244 50 1.1  

C:N Yield 
(kg) 

80 
0 
80 98 

80 
50 
0 
25 
0 

32 134 

80 
16.6 
25 
0 

47 1 2 2  

Home leaf compost with 'budget' N supplement plus kitchen scraps 

leaves 150 35 0.625 80 
manure 54.6 50 0.5 50 
30-2-2 3 0.5 30 0 
compost 12 50 2 25 
scraps 91.3 80 3 16.7 
water' 0 100 0 0 
total 311 51 1.6 37 7 55 

Home leaf compost with 'organic' N supplement plus kitchen scraps 

leaves 150 35 0.625 80 
rabbit food 22.5 15 2.56 16.6 
compost 12 50 2 25 
scraps 91.3 80 3 16.7 
water' 5 100 0 0 
total 287 50 7.3 38 140.4 

Soil application area 

bed prep 
(7.*m) 

2.2/24 

332 

2. W30 

3 3 3 8  

3 . m  

top dress 
(2.5 cm) 

6.607 

9/97 

8.3'89 

70.91 13 

9.9702 

cost 
$ 

$0 

$4 

$70 

$4 

$10 

Retail 
value 

$ 

$20 

$28 

$25" 

$32 

$29" 

Table 2: Charlotfe home conpost materials, characteristics and yield. 

Reference: Cornell University Compost Website n.Richard, N. Trautmann, M. Krasny, S. Fredenburg and C. 
Stuart] (Cornell, 1998). Notes: 'Water: Although kitchen scraps contribute ample moisture, they are added ir 
relatively small amounts on an on-going basis. In a practical sense, the amount of water added when a pile is firs1 
made is more accurately reflected in the calculations without kitchen scraps (above). "yalue o f 'oraantc comDost 
Certified 'organic' compost is not available in Charlotte. Using the price of the closest locally-available product, an 
'organic vermicompost' sold at Talley's Market natural food store for -$5/kg, the value of one batch of organic home 
compost might be on the order of $500! Justifiably or not, the designation 'organic' can clearly have a powerfu 
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adding them to the bin. After uylng both pre-mixing and layering at different workshops, I found layering was more 
popular and readily understood by workshop participants. In trials. layering also has (unexpectedly) given higher 
quality finished compost than pre-mixing. given that layered piles are turned and thoroughly remixed w i h n  the fist  
week. However, I did not shred materials before or during pre-mixing, a technique often used by composters who 
prefer pre-mixing. 

m: The wire bin makes turning a very simple operation, a fact much easier to demonstrate than to explain 
in words. The composter unhooks the wire to open the cylinder; removes it from the pile; sets it up (now empty) 
next to the pile and refastens it; then tosses the worktng compost back into the wire cylinder, breakmg up and mixing 
the materials and adding water as needed. 

The fist  turn, ideally within a week of when the pile is built, is a remixing process that allows the composter to 
blend and break up materials that are packed together and to water dry spots. Three additional t u n s  at roughly three 
week intervals thereafter (at four weeks, seven weeks, and ten weeks) gave the best results in trials, perhaps in part 
because the pause between turnings allows actinomycetes and fungi populations to become well established. 
Additional or more frequent turnings made no difference in either speed of composting or quality of end-product. 

Unturned piles take longer to break down and have large areas within the pile with minimum decomposition. 
The first turn yields the greatest benefits. 

Shreddiw: I do not suggest that composters shred material. The cost of a shredder might discourage many 
home composters, especially low-income families, and inexpensive shredders can be noisy and inconvenient to use. 

In Charlotte, a home composter can produce nicely finished compost from leaves in a reasonable time without 
shredding. Surprisingly, trials have shown no clear evidence that shredding Charlotte's autumn leaves speeds up or 
improves the composting process. Instead shredded leaves tend to mat together in hydrophobic clumps, similar to 
peat moss, which remain dry and resist breakdown. 

Experienced home composters report excellent results composting with leaves and grassclippings shredded and 
mixed using a lawn mower (Webster, personal communication; Alameda, 1997). Although this mix has not worked 
well in trials without shredding, using a 'lawnmower as shreddedmixer' as an inexpensive and convenient way to 
mix leaves and grassclippings for home composting merits further testing. 

FEEDSTOCKS: LEAVES AND KITCHEN SCRAPS 

Leaves: The basic comDost feedstock: The most important feedstock for home composting in  Charlotte is 
autumn leaf drop from hardwoods such as pin oak (Quercuspafusfris), willow oak (8. phellos), sweet gum 
(Liquidambar stvrucflua), hickories (Cqva spp. ) and maples (Acer spp. 1. The home compost bin used in Charlotte's 
system holds approximately 150 kg (-330 Ibs) of leaves per batch (equivalent to approximately 15 average sized 
plastic 'lawn waste' bags of leaves, at 10 kg each (-22 Ibs). 

1 encourage incorporation of other yard wastes in  home compost, the exception being grassclippings. 
Workshops advocate grasscycling as the preferred way to deal with grassclippings. Kitchen scraps,with certain 
precautions. are an optional ingredient. 

Kitchen: Kitchen scraps increase chances for odor and insect problems in  home compost piles, and 
some well established programs (Seattle, 1996) offer bins especially designed for kitchen scraps at discount prices. 
and discourage residents from composting yard waste and htchen scraps together. Kitchen scraps are typically high 
in  moisture (>70%) and food wastes that attract flies. On the other hand, kitchen scraps are a traditional ingredient in 
home compost piles which contribute valuable nutrients and divert a troublesome source of organics from garbage 
destined for the landfill. 

Charlotte workshops take a 'middle of the road' approach. Experienced composters are encouraged to add 
kiichen scraps in small quantities (- 4 liters) to their working compost, and to bury them at least 30 cm deep. Scraps 
can be added for no more than 12-14 weeks to a single pile. This approach treats the compost pile as simple 
backyard 'microbial digester' for the easily decomposed kitchen wastes, and can be easily managed without odor or 

. .pest problems. Verrmcomposting offers another option for kitchen scraps for dedicated home composters 
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At the same time, workshops stress that kitchen scraps are not necessary for composting. I encourage beginners 
to try a simple leaf pile enriched with N first, especially if they live in densely populated urban areas, or if they have 
had problems in the past with rodents, dogs, raccoons or opossums. 

GRASS CLIPPINGS: 

Grass clippings can be a major headache for both waste managers and backyard composters in Charlotte. Grass 
clippings are difficult to work with even for large- scale composting operations (Steve Elliot [Compost Central 
manager], personal communication). Haug (1993) gets it 100% right when he observes that 'Grass and leaves are 
sometimes collected and composted together, but the two substrates could not be more different. Leaves ... make a 
good structural mix, (while) ...g rass is often anaerobic and malodorous ....I As Tom Richard demonstrates, the high 
moisture content of grass clippings makes using them as a nitrogen source a very tricky process, since the added 
water can turn a pile into an anaerobic 'mess' (Comell, 1998). Grass clippings have been the source of the majority 
of public complaints and questions about backyard compost piles in the past in this area. 

The backyard composting method taught in workshop is excellent for fallen leaves and workable for kitchen 
scraps, but does not work especially well with grass clippings from the tall fescue (Fesruca elatior) lawns 
predominant in the area. Grass clippings mixed manually with leaves did not compost well in trials at Compost 
Central. The grass clippings tended to mat together and desiccate or putrefy (creating strong odors and fly problems) 
without contributing much N to the decomposing leaf mass, which decayed as slowly as piles without any 
supplemental N. 

In view of these observations, Charlotte's composting workshops stress the importance and desirability of 
grasscycling and use of grass uimmings as mulch, rather than composting grass clippings. The best home 
composting option for grass clippings may well be passive leaf piles in shady areas on the edges of yards large 
enough to place the compost well away from areas where people gather. When grass clippings are stirred into these 
piles on an on-going basis during the growing season, the piles over time attract very healthy worm populations. 
After approximately two years, the home gardeners can harvest 'finished' compost from the middle of the pile. 

The most promising way to cut down the amount of grass clippings, however, may be to encourage a new 
approach to landscaping using native plants, perennials, shrubs and trees to create beds and natural areas in piace of 
vast lawns. Workshops encourage re-landscaping huge lawns, customary here, with a mix of grass and garden beds 
planted with the many desirable perennials that thnve in the Carolina Pledmont. 

In spite of problems and lack of success thus far, trials of grass clippings in home compost continue, seelunp 
ways to harness the N in the clippings. Shredding leaves and grass clippings with a lawnmower may be the best 
option for this (see shredding). 

NITROGEN SUPPLEMENT-'BUDGET' AND 'ORGANIC' 

Local trials confirm the axiom that leaf piles do not heat significantly above ambient and compost slowly 
without supplemental N. Since the objective of workshops is to teach a composting method that works reliably under 
local conditions (heats readily to thermophylic temperatures. causes no odor problems, gives a nicely finished 
compost in a reasonable amount of time), participants learn how to make home compost using an N supplement. 

The main feedstock, autumn leaves, has a C:N ratio of approximately 801 .  A full bin of leaves contains 
approximately 40 kg of actual C. The Charlotte method adds supplemental nitrogen to bring the C:N ratio of each 
batch to approximately 3O:l. Approximately 1.3 kp actual N is needed per pile to reach a 301 C:N ratio. The leaves 
contain about 0.5 kg N; thus, approximately 0.8-1 kg. N is needed to reach a 30:l ratio. 

Charlotte's home composting system uses a purchased N supplement. Charlotte. an urban area, has few readily 
available sources of 'scroungable' N, such as farm manure. While garden 'greens' (spent bedding plants, prunings. 
weeds. and so on) theoretically can provide N, locally sufficient quantities of 'greens' are nor available for most 
urban composters (including most gardeners). particularly at the time of leaf drop in the fall. Grass clippings arc 
difficult to home compost without problems, as discussed above. 

Classes offer two choices for adding N: A 'budget' option and an 'organic gardening' option. Each workshop 
selects the type of N they wish to use in their model pile by majority vote (so far, the split has been about S O h O ) .  
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NITROGEN SOURCES FOR BACKYARD COMPOST 

N source N % @kg N' Amount required (kg)' 

'Budget' N supplements 

(lawn fertilizer) 30 
48 

I Organic' N supplements 

5-2-2 (Espoma Plant-tone) 
Rabbit food ($7/bag)2 
Rabbit food ($10/bag)2 
Bbod meal 
Charlotte compost3 
Chicken manure4 
Cottonseed meal 
Cow manure5 

'Recycled' N supplements6 

Coffee grounds 
'Greens'' 
Kitchen scraps 
Grass clippings 

5 
2.6 
2.6 
12 
2 
3 
6 

0.5 

2 
2 5  
3.3 
2.6 

$1.29 
$0.77 

$15.84 
$1 1.85 
$16.92 
$24.75 
$1 0.30 
$1 8.33 
$26.40 
$1 1 .00 

$0 
$0 
$0 
$0 

3.3 
2.1 

20 
38.6* 
38.62 
8.3 
50 

33.3 
16.7 
200 

71.4 
114.3 
1 50 
152 

TABLE 3: Nitrogen sources for backyard conpost 

Notes: $/ka: Since a 1 m3 leaf bin requires -1 kg actual N to reach 30:1, the amounts shown in this column alsc 
represent the cost per pile of supplementing N using a given method. 1. m u n t  re QuLLBd: This column shows the 
amount of listed materail needed to bring a 1 m3 leaf pile to 30:l C:N. 2. wit food : As explained in the text 
inexpensive rabbit food in the least expensive way locally to buy alfalfa. Prices range widely, this shows a low anc 
high cost. Though 38.6 kg is theoretically needed to reach 30:1, 22.5 kg (1 bag) appears to be ample based or 
trials. 3. w e  comod: Charlotte-Mecklenburg yard waste compost, bagged ('Eco" brand). 4. Ghicken manure 
'Black Hen' brand. bagged. 5. C o w m a n u r e :  Bagged. 6. '- N s w :  These materials are available 
without charge. Amount required reflects moisture content of the materials. 

With either technique, the temperature of the interior of the composting mass reaches at least 20' C above ambient, 
(50' C (122' F), 5 5" C) within a week. For a summary of Charlotte's home composting 'recipes' and N sources. 
please see Tables 2 and 3. 

Alternative N so urces: Though workshops demonstrate making a pile using purchased N, the insuuctor 
discusses alternative free sources of N available locally to motivated and enterprising home composters. including 
horse or pouluy manure, coffee grounds from coffeehouses like Starbucks and 'green' wastes from large gardens. 
produce sellers or juicers. If used in sufficient quantities, these all can be as effective as purchased N. 

'RUDGET' NITROGEN SUPPLEMENT 

For each batch of compost, 'the budget' option uses twelve cup measures (2.7 kg (6 Ib)) of inexpensive lawn 
fertilizer (roughly 30-2-2 or the equivalent), along with three bags (54.6 kg) of inexpensive cow manure (0.5-0.5- 
0':5), adding four cups of fertilizer and 1 hag of manure per layer. 

Rather than simply add N in the form of synthetic fertilizer, such as urea (CO(NH2)2) (48-0-0) or N Q N Q  
- (34-0-0, no longer readily available), I decided to 'enrich' bagged cow manure by adding enough synthetic fertilizer 

to reach the level needed for a 30:l C:N ratio in the pile. I hoped to simulate farm manure, an ideal N source for 
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home composting but hard to find in Charlotte. In contrast, bagged cow manure is widely available locally for less 
than $1 for a 18.2 kg (40 Ib) bag, with a cost of $11.00/kgN. Alternatives were to use bagged chicken manure (-3% 
N) or to gather manure from farms. The latter was logistically impossible; the bagged chicken manure was relatively 
expensive ($18.33/kgN, as 'Black Hen' brand), not readily available, and malodorous. 

The fertilizer N carrier workshops use is inexpensive 'lawn green' fertilizer (-30-2-2). frequently on sale locally 
for -$3 for a 7.7 kg (17 Ib) bag, enough for three bins using 'the Charlotte method'. This is more convenient for the 
typical resident than buying large (22.7 kg (50 Ib)) bags of N fertilizer. The price per kg N is $1.29/kgN, compared 
to $0.77/kgN for urea. 

To my surprise, I observed that piles made with the 'supplemented' manure decomposed more rapidly and 
completely than those made with mineral N alone, though the amount of N in the two treatments was the same. 
Perhaps mineral N leaches from the pile readily in the absence of a material like manure, or the microbes (many 
heterotrophic) prefer amino N or N in an organic complex (urea seems to behave like mineral N, although it is a 
small organic molecule containing amino N). There is no guarantee, however, that this observation would hold up 
under more careful experimental conditions. 

'ORGANIC' NITROGEN SUPPLEMENT 

Many home composters garden organically. and are reluctant to use synthetic fertilizer in composting. Our first 
'organic' recipe used cow manure as described for the 'budget' method, supplemented with an 'organic' fertilizer. 
Espoma 'Plant Tone' (5-2-2) with N carriers including dried manure and food processing wastes. Thts, however. was 
relatively costly (a 22.7 kg (50 lb) bag of Plant Tone cost $18, and provided N for roughly three piles, at a cost per 
kg N of $15.84). Other 'organic' N fertilizers, such as bagged chicken manure, cotton& meal ($26.40/kgN) and 
bloodmeal ($24.75/ kgN), were even more expensive per unit N, and faced numerous objections from gardeners 
concerned about pesticide use (in cotton), sustainability and humane treatment of livestock. 

I decided to research legume-based material as an 'organic' and 'sustainable' N supplement. Ground alfalfa was 
not readily available locally, but inexpensive rabbit food, largely alfalfa, was. Initial experiments were very 
promising, and workshops now use rabbit food as the 'organic' N source. In many ways, it is ideal for backyard 
composting; easy to handle, no unpleasant odor, relatively easy to obtain, with N fixed by bacterial action rather than 
industrial processes. Subsequent inquiries have revealed that rahbit food is a popular N source for composting 
experimentation. The only drawback is a relatively high price per kg N (between $13.75 and $17.19). 

The 'organic' recipe for compost uses 22.7 kg (50 Ibs) of inexpensive rabbit food (the least expensive local 
source of ground or pelleted alfalfa) as an N source. per batch of compost. Cow' manure is not nccessary I I I  the 
'organic' recipe using rabbit food. 

The 'organic' method provides about 0.6 kg actual N. which when added to the 0.5 kg of leaf N gives a total of 
about 1.1 kg actual N for the pile. This provides a C:N ratio of ahout 42:l for the pile. Curiously, in spite of the 
'higher than optimal' C:N ratio, piles made with h e  rabbit pellets consistently heat more rapidly and to higher 
temperatures than those made using the budget method, and as little as 11.3 kg (25 Ih, or a half hag) of rahbit food is 
sufficient to heat piles made May through Septemher. During the coming season, I plan to test to find the smallesr 
amount of rabbit food needed to obtain pile heating. 

One caution: When using straw as a feedstock and 22.7 kg of rabbit food, and an overly-heavy watering of the 
pile, a marked odor nuisance from ammonia can occur. a prohlem I have not noted in piles made with leaves. The 
cause is uncertain - perhaps the higher pH of the straw and high moisture level contribute to NH3 formation. 

INOCULA 

Charlotte's method does not use purchased inoculum. I teach composters to introduce beneficial microbes by 
adding about 24 liters (3 bucketfuls or 6 shovelfuls) of old or working compost to their pile as they build it. An equal 
amount of 'sweet smelling dark topsoil' can replace the compost. Although this uaditional practice may 1101 he 
necessary given the ubiquity of microbial life on Earth. it does no harm. Large scale composting operations often 
remix finished or partially-finished compost with new feedstock (Haug, 1993). 

.. . 
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Adding large amounts of soil makes the compost very heavy and inconvenient to turn. Some Coop Extension 
pamphlets still call for 1/3 soil in compost piles, a recommendation I cannot support. 

HOME COMPOST PRODUCED AND WASTE DIVERTED 

In Charlotte, home composters typically compost between 1 4  m3 (14 bins, or 1.4 to 5.6 yd3) of 'feedstock' 
(mostly leaves) per year, or 150 - 600 kg of yard waste. Home composters who compost kitchen scraps can divert up 
to an additional -365 kg (803 Ibs) per year for a family of four. An 'active' composting family of four that makes 
four piles per year and composts all food scraps can divert as much as 965 kg (2123 lbs) of material from 'waste' to 
resource per year in their backyard. 

Output from a home compost pile of the type used in Charlotte is about 0.3 m3 (Table 2). The 'active' 
composting family of four can generate enough compost to dramatically improve five large fJowa or vegetable beds 
(2.7 m2 (30 ft2) each), or topdress 42 m2 (440 ft2) of garden or lawn annually. '(Improvement' assumes a 7.5 em (-3 
in) application of compost; topdressing assumes a 2.5 cm (-1 in) application.) 

Using Charlotte's system, the start-up cost of materials and tools for the home composter is not high, from $0 
(for those who already own needed tools and receive free bins) to c $50. The cost of purchased N is between $4 
('budget') and $10 ('organic') per pile. For the novice making a single bin using the 'budget' system who takes a 
workshop, the 4 2 6  retail value of 0.3 m3 of compost (purchased by the bag) offsets the $5 class plus $4 cost of N. 

WHY TEACH A SPECIFIC METHOD OF COMPOSTING HANDS-ON? 

Communities face a dilemma in selecting the best strategy for encouraging home composting. One option is to 
demonstrate a wide variety of composti?g options, reflecting the myriad successful ways home gardeners make 
compost. The other approach, selected by Charlotte, is to focus on teaching a single composting method that works 
well. 

Our experience is that beginning composters are hungry for clear guidelines, and are looking for a successful 
way to make compost, rather than 'a few simple rules' or long list of possibilities. At the same time, there are 
countless ways to compost successfully, and it is important not to discourage those who want to experiment or who 
have developed their own methods of composting. I do not present the workshop composting method as 'the only 
way to compost', but as simply a straightforward method that works, which individual composters can easily modify 
or adapt to suit their needs. 

Workshops work best with minimum of technical jargon, lots of hands-on activities, and as much relaxed banter 
as possible. Technical aspects of composting discussed in this paper are an important part of designing and 
improving a composting method. Such topics may be appropriate for Master Composer training. But detailed 
discourses on C:N ratios and other technical questions are neither necessary nor recommended for general classes. 
especially with beginners. 

TRIALS AND DISCARDED IDEAS 

The author systematically observed compost piles made by classes and set up a number of trials using different 
composting techniques, though as yet no formal controlled formal experiments. These observations have been very 
useful in devising the composting method discussed in this paper. It is worth mentioning that some trials lead to the 
rejection of a number of compost-making ideas. These included covering or wrapping bins with plastic sheeting, 
using a 'breather pipe' of 20 cm (4 in) pvc in the center of the pile, and using clips to hold the wire in a cylinder. In 
sum, 'the simpler, the better' seems the best policy for home compost design. 

WEAS FOR THE FUTURE: 

_ _  xwrimentation: Formal experiments at the Compost Garden can yield valuable data. Ideal partners in this 
work would be faculty from area colleges and universities, science teachers. and Cooperative Extension agents. 
Diane Zablotsky of UNCC's Department of Anthropology and Sociology has already made outstanding 

. contributions to a 'farming systems'-style ('composting systems'?) approach to gathering information on human 
factors and home composting behaviors. 
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Grass chperngs: Although the bin taught in workshops is ideal for leaves, problems remain with grass 
clippings. Grass clippings are a major source of problems for the macro yard waste composting operation in 
Charlotte. This issue clearly highlights the fact that even welldesigned home compost bins and workshops only 
address part of the need for yard waste reduction. Perhaps waste managers, Cooperative Extension Agents, and 
environmental groups can work together to design 'eco-landscaping' and 'eco-neighborhood' programs. where home 
composting is but one technique among many a resident uses to cut waste while improving soil, plant health and 
habitat. Reducing grass clippings may involve finding a better way to compost them at home, but programs may also 
want to consider teaching about grasscycling, mulching and lawn alternatives including ground covers, natural areas. 
and use of perennial and native plants in the landscape. 

. .  

Kitchen scram: Charlotte continues to look for an inexpensive, durable and rodent-proof kitchen waste 
composter for urban situations, especially for households where little dry C-rich material (such as autumn leaves) is 
available. Mecklenburg County is field testing the 'Green Cone' style micro-digester for this application, but 
Charlotte's difficult-to-dig red clay soils with poor drainage may hamper its effectiveness. 

Schools and worms: The home composting system makes an ideal school science project. The author has used 
the method with great success with fifth graders. Developing a teaching guide and activities aligned with the North 
Carolina curriculum (and reflecting the current emphasis on literacy) merits a high priority because of its potentially 
high payoff (school children can be excellent 'motivators' for home composting and recycling). Vermiculture attracts 
a good deal of interest from schools and the public, and Charlotte is considering worm composting workshops for 
the future. Children find worms fascinating, but experience suggests that people with high enthusiasm, an active 
interest in worms, and sufficient time are most likely to succeed with vermiculture projects. 

CONCLUSION 

Charlotte-Mecklenburg's home composting workshops offer a model for other communities, especially those in 
the Pledmont region of the southeastern USA. By teaching residents 'hands-on' how to make compost successfully. 
using a simple, inexpensive and well-designed composting system, Charlotte has reduced wastes and helped 
gardeners enrich their soils and manage their yards in a more environmentally sound and sustainable way. 
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SUMMARY 

Most citrus grove soils in Florida are infested with Phytofihom niwtianae, which causes Phytophthora trunk 
and root rot rtsulting in decline of tree condition and fiuit production. The potential for composted municipal solid 
waste (CMW) as a soil amendment to provide long-lasting suppression of P. nicotianue and enhance root health and 
tree yidd was evaluated CMWs were applied to newly planted young trees and bearing citrus groves in central ridge 
aad east coast fMvoods locationS. Young tncs wen planted on typical citrus soils, while bearing trees in decline were 
1ocatedonmarginaI soils. Two sourcesafCMWwenappliedas5-to IO-m-thick mulch layers under the tree canopy. 
Rhizaspherc populahon dtnsities d P .  niwtianoe wefc not reduced, but in some cases were increased by CMW. Root 
density ~esponse was sitedependent. Trees treated with CMW were more densely foliated probably due to improved 
soil moisture availability. Young trees responded i"cdiatc€y to CMW trcatmcnt with 20-30% increases in stem 
caliper and root mass. Yields and fruit size of bearing trees were increased in the second and third seasons after 
application. CMW did not suppress the,root pathogen, P. nicotiunoe, but CMW inmased water and nutrient 
availability in soils low in organic matter which mhanad root health and uptake efficiency, and thereby r e d d  the 
impact of fibrous root disease and probably other soil stresses. 

INTRODUCTION 

C i a  is the most economically important and widely planted crop in Florida Covering about 273,000 ha in 
central and south Florida. The center of the citrus industry is within a 1Wmile radius of over 7 million people 
p " g  5 kg ofsolid waste per person per day. Between 1992 and 1994, over 10.3 million new trees were planted 
on sandy soils, mostly low in organic matter, and poor in nutrient exchange and water holding capacity. 

In citrus nurseries and groves, Phyrophrhoro nicotianoe Breda de Haan (synonym = P. parasiricu Dastur) is 
o b  an endemic root pathogen that causes f l ing of the trunk due to bark infection and slow decline in canopy vigor 
and h t  production due to rot of fibrous roots (Graham and Timmer, 1992). Applications of the fungicides control 
fungal infection of berk and roots and innease fibrous root densty (Timmer et al. 1989). Although fungicides increase 
yields and fruit size of orange and grapefruit trees on Phytophthora-susceptible rootstocks, yield response is often 
variable. Therefoxt, fungicides are not " m e n d e d  unlcss populations of P. nicofianue c x d  a threshold of 10 to 
15 propagules per cm3 of soil. Fungicides are usually applied to the soil through the imgation system two to three 
timcs over several seaso~ls to be effective and economical for application. However, soil-applied pesticides are prone 
to loss of efficacy after prolonged usage and, since they arc water soluble, have the potential to leach into the 
g" after excessive imgation or rainfall (Kodma et al., 1995). Fungal resistance to the metalaxyl has been 
found in Florida nurseries, raising concerns about the long-term usage of this fungicide in citrus groves (Timmer et 
al., 1998). 

An alternatlve strategy to fungicides for sustained control of soilborne dseases is to pendcally apply 
co- orgaxuc matenals as amendments to suppress fungal root pathogens Composted bark, when incorporated 
into pomng m d a ,  suppresses soilborne diseases of ornamental plants (Hoitlnk and Grebus, 1994) In Australian 
avocado groves, root rot caused by P crnnumomr was effectrvely controlled by intensive mulchng wth o r p c  
amendments and applicaoons of gypsum (Broadbent and Baker, 1974) 
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In our studies of citm, CMW from Merent sources mixed the incidence of root infection of citrus seedlings 
through dum suppression of P. nicotianae in soil (Widmer et al., 1998a). Thus, the principal objective of field studies 
was to examine the potential for CMW, from M e m t  sources applied as a mulch layer on the soil surface, to suppress 
P. nicotianae and improve root health Growth of young trees and yield of bearing citrus trees was evaluated in typical 
and marginal soil types with damaging soil populations of the pathogen. 

RESPONSES OF YOUNG TREES TO CMW 

Three trials €tom 1991-19% demonsmated that mulch treatments of composted municipal wastes (CMW) are 
highly e&ctive for growth stimulation of young citrus trees in newly established gmves ( W i d "  et al., 19%,1998b). 
Responses were seen for soils typical of both the ridge and flatwoods production areas. While greenhouse bioassays 
predicted that CMW might suppxes the patbogen ( W i i r  et al., 1998a). populations of P. nicotiunae were either not 
affected or even increased by CMW. Despite inoculation with the pathop, stem diameter and root mass of young 
trees increased 20-30% in response to post plant treatments with surface mulches as well as incorporation treatments 
at planting. Thus, CMW can be applied to existing groves without incorporation of thc material into the root zone. 
operationally, the CMW is &ectively and efficiently applied with a New Holland 3000 sidedischarge spreader as a 
5-10 cm t.h~& mulch layer within the tree row to c w u  about 80% of the root system. The rates are quite high, ranging 
from 150-170 metric tons per hectare, but last up to 2 years belore reapplication is necessary. Reduction of mulch 
layers to 2-5 cm thick decreases the tree response and may q u i r e  yearly reapplication to be d € d v e .  

Current trials are to designed to establish the optimum rate of CMW and the mechanism for the growth 
enhancement of young citrus in low organic matter sandy soils. Although CMW increased growth of trees in the 
presence of P. nicofiunae, the fungus was not suppressed by the CMW (Widmer et al., 19%,1998b). Despite pathogen 
activity in CMW-amen&d soils, thetnesperfonnal marly aswell as those in noninfksted soils and significantly better 
than those in nonamended soils. The grad response is best explained by increased tolerance to the disease rather 
than pathogen suppression. Tolerance is attributed to improvement of conditions in the root zone for more efficient 
water and nutrient uptake. Young trees received adequate fertilizer and scheduled irrigation so CMW did not 
substantially increase their nutrient status. Soil wata holding capacity was elevated at the interface between the mulch 
and the mineral soil, as was soil temperature. The proposed major benefit of CMW, increased soil water availability 
to tree roots. will be substantiated by further measurements of soil and plant water relations. 

RESPONSES OF BEARING TREES TO C M W  

CMW applied as 5- to lO-cm-thick mulch layers increased the yield and fruit size of Marsh grapefruit and 
fruit size of' Valencta orange 2 and 3 years after application (Widmer et al., 1997). The responses occurtd in groves 
with marginal soils and ill-adapted rootstocks that were predisposed to damaging popllations of P. nicotianae. The 
effect of CMW on root density was site specrfic. CMW increased root density of the Valmcia sweet orange trees on 
Canimcimge rootstodr inahigh pH, cal-soil, whereas, CMW decreased root density of the Marsh grapcfht 
~onsourorangerootstodcinaloworganicmattersandsoil(deprcssi0nalsandsoak)attwosites. Therootsinthe 
organic mulch layer were usually lighter in color and healher in appearana than those in the mined soil below. 
The mulch laver apparently provided a zone of favorable conditions for growth and function of fibrous roots. 

The increase in yield of tries in very sandy. slightly acid soils versus the non response in calcareous, alkaline 
soils may be related to the effect of CMW on root darnty at the dif€hnt sites. Trees in the very well drained sand soak 
soil treated with C M W  were more densely foliated and showed little sign of water stress companxl to the messed, 
nontreated trees. CMWs have slow mine" . tion rates, due to their moderate to high CM ratios (Eichelberger, 1994), 
so mulches did not increase N status of the tree (Widmer et al., 1997). The mulches substantially improved moisture 
holdmg capac~ty of the sqil as demonstrated for CMW applications to other Florida crops in similar soils (Obreza and 
Reeder. 1994; Turner et al.. 1994). Under more favorable conditions for water uptake. apparently fewer roots were 
r e q d  to take up water and water mobile nutrients (e.g. N and K) bringng about a 30% decrease in root density after 
CMW application in w e l l h n e d  sand soak soil. Hence. trees were able to produce more and larger fruit instead of 
supporting the lugh density of roots required by a tree in the low water and nutrient holdmg capacity sand. In finer 

-textured, lugh pH calcareous sand, where root density was 2 5 3 5 %  of that in the sandy soil, CMW apparently 
exacehted the soil conditions (high calcium and somewhat alkaline pH) that normally limit performance of certain 
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rootstocks like Carrim citrange (Castle et al., 1993). Although the mulch layer provided a favorable site for root 
growth in calcareous soil, yield of trees was not increased even after 3 year. 

Thus, as for young trees, the principal &kct of the CMW was improvement of soil water holding capacity. 
This condition enhanced pathogen reproduction in the mulches because P. nicotianae was favored by elevated soil 
moisture (Duncan et al., 1993). However, CMW appeared to increase toleranct to Phytophthora root rot. The benefits 
of CMW for increasing water and nutrient availability in soils low in organic matter mhanced mot health and uptake 
efficiency, and thereby reduced the impact of fibrous root disease and probably other soil stressts as well. 

CURRENT STATUS OF RESEARCH ON CITRUS 

Some limitations in the use of CMW have been encountered. Foremost is the availability of hgh quality 
sources of CMW near the citrus industry that can be supplied with minimal delivery cost. Most of the research has 
been conducted with a cmxmposted municipal solid waste (approx. 90%) with waste water miduals (1PA) from 
Sevierville, TN supplied by Bedminster Bioconversion. Cocomposted CMW has a faMrabe c/N ratio for microbial 
activity (19:l) and slow soil mineralization of nitrogen (Eichelberger 1994) so nitrogen leaching is not a concern. 

The local CMW tested in the early 1990s is no longer available (Reuter) and evaluation of CMW itom Palm 
Beach County has only recently been initiated. A grower/cooperator conducted a preliminary trial with Palm Beach 
C W  in 19% and reported that tbe material was very fibrous containing palm branch wastes and other coarse woody 
residuals that made spreading difficult. The Palm Beach material may also have bten high in salts, but thus far, 

CMW have not been a problem for citrus in contrast to the experience for vegetables residual salts in the- 
where growth of the first crop is rpmvwl inihaUy (obraa 1995). Very sandy soils facilitate rapid leaching of salts and 
thus, no effect on perennial citrus trees F v e  been observed oyer the longer term (at least one year to detect growth 
responses). The Palm Beach material spread in 1997 did not share the problems e x p e n d  with the 19% material, 
but t h ~ s  points out the requirement for CMWs to be consistent in quality through time if they are to be used 
commercially. 

. .  

Another major limitation to proceeding with further trials is the availability of a commercial applicator with 
the New Holland or equivalent spreader in southcentral Florida. Two cooperators representing about 25,000 acres 
of c o m m e d  grove land are at present unable to use C M W  due to the lack of the appropriate application equipment. 
These companies are unwilling to purchase a spreader given the high capital cost (appmx. S10,000-14,000) and the 
uncertain availability of high quality CMW. Nevertheless, our results have stimulated their interest in further trials 
of local CMW sources, especially in low organic matter, sandy soils. Current evaluation of the benefits of CMW 
mulches is focused on both young and old groves in depressional sand soils, where citrus trees have not responded to 
extra water and nutrient inputs and, thus, arc probably not manageable without soil a " m t s .  Reduced rates of 
CMW sources produced by local munipalities in close proximity to the citrus industry arc now under evaluation to 
further quant@ the benefits and costs of CMW applications. Although the responses an positive, it is unlikely that 
the horticultural benefits will offset the high cost of production and transport of CMW. However, as land fill space 
dmppears, the cost of production and transport of CMW will eventually be borne by the municipalities surroun&ng 
the citrus mdusuy. For example, Los Angeles County is now paying citrus growers to acccpt yard wastes for disposal 
in their citrus groves (J. A. Menge, University of California, Riverside, personal communication). 

_- 
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INTRODUCTION 
Municipalities are facing a growing problem of how to safely dispose of their solid waste. A possible solution 

to this problem is composting the organic hadon of municipal solid waste (MSW). Biosolids are entering composting 
facilities to turn a waste byproduct into a valuable resourct. Industry is looking to expand towards composting of the 
organic fraction of the municipal solid waste stream as evidenced by the development of Bedminster Bidonversion 
Corporation in Sieverville, Tennessee and Cobb County Georgia The largest potential user of MSW compost is the 
agricultural industry (Parr and Homick, 1992; Slivka et al., 1992). Application of MSW compost usually inmases 
yields of agronomic and horticultural crops, under both field and greenhouse conditions. Agricultural uses of 
composted MSW have shown promise for a variety of field crops (sorghum, maize, forage grasses) and vegetables sold 
for human consumption (lettuce, cabbage, beans, woe). Responses by plant systems have ranged fiom none to over 
twofold increases in yield (Shiralipour et al., 1992). According to research at Louisiana State University (Hallmark et 
ai., 1994) application of 22.4 M o a  of composted MSW to opmed sugarcane rows prior to planting resulted in an 808 
k o a  increase in sugarcane yields. Addition of 25 Mg/ha compost increased ryegrass yields compared to untreated 
plots but did not excessively increase the trace metal concentration in the soil (Baudum et al., 1987). In other studies 
application of 8, 16,32, or 64 Mgha compost to a sandy soil increased heights and weights of two successive sorghum 
crops (Hortenstine and Rothwell, 1973). 

Soil hard pans can reduce crop yields and are a significant problem in many soils in the Southeast. A high- 
energy input is required via in-row subsoiling to break up the compaction to promote improved root development and 
subsequent nutrient and water utilization. Composted MSW has the potential to increase organic matter content of sandy 
coastal plain soils. Under laboratory conditions values of bulk density, penetration resistance and peak shear strength 
decreased with increasing organic matter contents in sandy loam and clay soils (Ekwue and Stone, 1995). 

Seedling cotton (cotyledon - 4 true leaves) is attacked by various thrips species, westem flower thrips 
(Frankliniella occidentalis), tobacco thrips (F. fusca) and eastem flower thrips (F. mtici) with the first two being most 
prevalent in South Carolina. Over 99% of South Carolina cotton acreage is treated with an at-planting, i n - h w  
insecticide to control early season thrips. The effects of different rates and application methods of municipal compost 
on early season thrips populations needs to be determined. Plant-parasitic nematodes cause over $250,000,000 in yield 
losses on cotton in the United States each year (Blasingame, 1996). Yield losses in individual fields may reach 30-50%. 
At the present, nematode management relies heavily on the use of nematicides, such as aldicarb applied i n - h o w  at- 
planting at a cost of approximately S52.00/ha. Higher organic matter content tends to increase the populations of many 
soil microorganisms, including those that are naturally antagonistic or pathogenic to plant-parasitic nematodes. 
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Research is needed to detexmine whether compost can be used economically to replace or supplement 

are needed as a means of understanding benefits and problems associated with utilization of composted municipal solid 
waste in coastal plain soils. Determination of the best methods of applyhg MSW composts to land (broad- banded, 
etc.) is needed. In addition, the effects of compost on pest management decisions needs to be determined. 

commercial fertilizers for cotton production. Quantitative data on the effects of compost on soil and plant characteristi cs 

OBJECTIVES 

The objectives of this project were to develop and test equipment for broadcast, banded or injection 
applications of composted municipal solid waste at selected rates to agricultural lands for cotton production; and 
determine the effects of compost on soil parameters (organic matter, soil compaction, soil fertility and additive effects 
over years), plant responses (yield, nutrition) and pest management. 

METHODS AND MATERIALS 

Tests were conducted at the Edisto Research and Education Center near Blackville, SC on a Faceville loamy 
sand soil. A randomized complete block design with four replications was the Statistical model selected for comparing 
different treatments. Two application methods (broadcast and banded), three application rates 1 1.2,22.4, and 33.6 
M o a  (5,10, and 15 tondam), and a control (no compost) were used in 1995. The same treatments were used in 1996 
and-97, except the broadcast application plots were split m half to determine the additive effects of compost over the 
years. No additional compost was applied to one half while the other half received the same rate as in 1995. Cotton 
was planted and carried to yield using recommended practices for seedbed preparations, seeding, fertilization, insect 
and weed control. Plots consisted of 12 30-m rows on 964x1 centers. The two middle rows of each plot were machine 
harvested for yield determinations. 

A commercially available spreader (Knight Pro Twm Slinger, model 8024) was used for broadcast application 
of compost in 1995. The spreader was adjusted to apply diffmnt rates of compost. With this system, swinging 
hammers deliver the material to the side resulting in a unifomr coverage over 7.5-m width of the test plots. A 4-shank 
subsoiler-bedder was used to disrupt the hardpan and incorporate the composted material. Drift was a problem with 
this spreader under windy conditions. In 1996 and 97, a conventional flatbad, chain conveyer type manure spreader was 
used for broadcast application to eliminate drift problems associated with the side delivering system. An adjustable gate 
was added to the spreader to control the application rates. 

A &row device for band application of the MSW compost was developed and mounted behind a John Deere 
MaxEmerge2 cotton planter. The unit consisted of a hopper with four fluted-wheel-metering devices at the bottom of 
the hopper. A hydraulic motor was used to run the metering system. Compost application rates were adjusted by 
changing speed of the motor using a flow control valve. This system dispensed the material, 20-cm wide, behind the 
cotton planter. 

To determine the effects of compost on soil compaction, a tractor-mounted, hydraulically-operated, 
microcomputer-based, digital recording penetrometer system was used to quantify soil resistance to penetration. Soil 
cone index values were calculated from the measured force required to push a 3.2 cmz base area, 30” cone into the soil 
at a constant velocity. Penetrometer data (four probes per plot) was taken before compost application and immediately 
after cotton harvest in 1996. Penetrometer readings were taken to a depth of 45 cm &om crop rows and row middles). 

Each plot was sampled for Columbia lance nematodes, soil organic matter, ammonium and nitrate contents at 
planting, &weeks-after planting and 14-wecks-aftcr planting. Twelve corcs 20-m deep and 2.5-cm in diameter were 
taken *- from each plot on each date. Plant tissue samples (35 leavedplot) were collected and analyzed for nitrogen. 

INJECTION TEST, 1997 

” The trials were expanded for the 1997 season by including a site with subsurface application. Equipment was 
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constructed for injecting MSW compost under the seed row at sufficient depth to place it in the compacted subsoil layer 
at different application rates. Tests were conducted on a Varina sandy loam soil. Two application methods (injection 
and broadcast), three application rates 9,18 and 27 Mg5a (4,8, and 12 todacrc), and a control (no compost) were used 
in a randomized complete block design. Briefly, the equipment was configured for two rows and consisted of subsoiler 
shanks which had been modified by attaching a lO-cm x 2o.Cm thin-wall rectangular tubing to the back of each subsoiler 
shank. These extended fkm the lower end of the shank to a position above the soil surface. The trailing edge of the 
rectangular tubing was cut away fkom the lower end of the tubing to allow the MSW compost to be deposited into the 
slot created by the subsoiler shank. Compost was funneled into the top of the rectangular tubing and fell by gravity flow 
to the bottom, filling the tube. As the tool moved through the soil, the MSW compost was placed into the bottom of 
the subsoil. 

For preparing the test plots, the MSW was carried on the subsoiler. A hopper was constructed and attached to the 
subsoiler frame. This hopper was fitted with a drag chain which pulled the MSW material toward a drop point above 
the injection tubes. Material dropped by gravity from the hopper floor and was directed into the top of the injection 
tubes with transitions constructed from sheet metal. 

RESULTS AND DISCUSSION 

Cone index values before tillage and compost application indicated that the field bad a hardpan in the E horizon 
at a depth of 17 to 25 an. All rates of compost significantly reduced formation of the hardpan in the top 30-cm of soil 
for,cotton rows compared to no compost application (Table 1). In addition, all rates of broadcast application 
significantly reduced soil compaction in the top 30 cm of the row middles compared to no compost application (Table 
2). Banded application did not affect the compaction in the row middles. Similar results were obtained in 1997. 

, 

2.000 

1,500 

1.000 Compost broadcast 

500 Compost broadcast -e + NoCompost only in 1995 
I 1 1 I J 

0 10 20 30 40 50 0' 

Depth (cm) 
Figure 1 Effects of multiple compost application on formation of hardpan 

from crop rows after cotton harvest in 1996 (33.6 Mglha). 
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Table 1. Effect of compost application methods and rate on formation of hardpan under cotton rows at harvest, 1996. 
Clemson University, Edisto Research and Education Center, Blackville, SC. 

Cone indm @F%) 
Compost Application 
(Mgma) Method 0-7.5 cm 7.5-15 CID 15-22.5 cm 22.5-30 cm 

Depth Depth Depth Depth 

- .  

h .  

11.2 Broadcast 409 bc 605b 706 b 1253 bc 

22.4 Broadcast 302 c 549b 754b 808 c 

33.6 Broadcast 301 c 586 b 760 b 1286 b 

11.2 Band 536 ab 644b 1146 b 1236 bc 

22.4 Band 495 ab 691 b 1097b 1155 bc 

33.6 Band 510 ab 675 b 1030 b 1218 bc 

None 578 a 1198 a 2176 a 1909 a 
Means within a column followed with a letter in common are not significantly different @mccan's Multiple Range Test, 
a 4 0.05). 

Multiple broadcast applications of compost (1995 and 96) significautly reduced formation of the hardpan in 
the top 30 cm of cotton row compartd to ?o compost appl idon (Figure 1). Also, there were significant differences 
in cone index values between no compost application and one year application of compost. In row middles both one- 
year application and multiple applications of compost significantly reduced soil compaction in the top 22.5-cm of soil 
compared to no compost application. Also, there was a sign8cant diffaence m m e  index values in the 7.5 to 15 cm 
depth of soil between compost applied only in 1995 vmus 1995 and 1996 applications (Figure 2). 

n 

e 
Compost broadcast 
in 1995 896 

Compost broadcast 
Mlly in 1995 

I I I I I 

10 20 30 40 50 

Depth (cm) 
Figure 2. Effects of multiple compost applition on soil compaction 

from row middes after cotton harvestin 1996.(33.6 Mg/ha) 
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All application rates of banded municipal compost reduced early season thrips populations in 1995 and 1996, 
However, it showed no effect on thrips in 1997. Recovery of Columbia lance nematodes (Hoploloimus colwnbus) prior 
to planting in 1995 was minimal. By midseason repduction in the untreated check plots was more than double that 
in all treatments except the 22.4 Mgha (10 tondacre) broadcast application (Table 3). Columbia lance nematode levels 
decreased in all treatments between harvest in 1995 and planting in 1996. By harvest in 1996, nematode population 
densities had again increased significantly, especially in the check that had almost triple the density of any of the other 
treatments. Several of the compost treatments had nematode densities comparable to those found in the Temik 15G 
treatment. Temik 15G was applied at the rate of 1.18 kg ai&. At midseason in 1997, only the broadcast applications 
provided level of control comparable to that provided by Temik 15G. 

Table 2. Effect of compost application methods and rate on soil compaction for row middles at harvest, 1996. Clemson 
University, Edisto Research and Education Center, Blackville, SC. 

Cone index @Pa) 
Compost Application 

Method 0-7.5 cm 7.5-15 cm 15-22.5 CXI 22.5-30 CTII 

Depth Depth Depth Depth 
OMdm 

11.2 Broadcast 1017 b 1870 b 2374 b 1757 c 

* 22.4 Broadcast 858 b 2010 b 2331 b 1859 bc 

33.6 Broadcast 791 b 1752 b 2292 b 1580 c 

11.2 Band 1884 a 3143 a 3264 a 2214 a 

22.4 Band 2019 a 3337 a 2631 ab 2086 ab 

33.6 Band 1544 a 3073 a 2664 a 1897 ab 

None ------ 2024 a 3807 a 3234 a 2121 a 

Means within a column followed with a letter in common are not significantly different (Duncan’s Multiple Range Test, 
a = 0.05). 

Figure 3 shows soil organic matter content averaged over top 20 cm of the sail for 1996. Application of MSW 
compost significantly increased the soil organic matter content and soil nitrogen content (Figure 4) 6-weeks-after 
planting proportional to compost application rate. However, these differences did not affect the leaf nitrogen content 
of cotton plants during the same sampling period (Figure 5). Similar results were obtained in 1995 and 1997. 
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Table 3. Effects of compost on recovery of Columbia lance nematodes from soil. 

Columbia lance nematodedl 00 cm3 soil 

Compost Application 1995 1996 1996 1997 
( M o a )  Method Midseason preplant Harvest Midseason 

24 1 1  
11.2 Broadcast 31 11 

13 8 

0 24 
22.4 Broadcast 22 5 

33.6 Broadcast 3 5 

5 52 

13 41 

16 66 

61 61 

13 39 

11.2 Band 13 1 

22.4 Band 71 15 

33.6 Band 52 8 

None --- 125 18 

Temik 15G In-furrow 19 19 
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Table 4. Effects of compost on seed cotton yield 

~~ 

Compost Application Yield (kpl/ha) 
Trt.No. oMg/ha) Method 1995 1996 1997 

1 11.2 Broadcast 2063 b 2323 c 2814 c 
2400 bc 3093 b 2 22.4 Broadcast 2213 b 
2633 a 3406 a 3 33.6 Broadcast 2375 a 
2306 c 2831 c 4 11.2 Band 2084 b 
2353 bc 3064 b 5 22.4 Band 2216 b 
2495 ab 3361 a 6 33.6 Band 2396 a 
2135 d 2617 d 2208 b 7 None -I-- 

Means within a column followed with a letter in common are not significantly different (Duncan's Multiple Range Test, 
a = 0.05). 

Figure 6 shows soil organic matter content 14-weeks-after planting. Except for 11.2 Mgha (5 tonslacre) 
banded application rate, MSW compost significantly mcreased soil organic matter compared to no compost application. 
Only application of 33.6 Mgha (Wacre) compost (broadcast or banded) statistically increased soil nitrogen content 
averaged over the top 20 cm of the soil (Figure 7). 

V 

Broadcast 
Application Met hod 

Band Nocompost 

Fgure 6, Soil Oganc matteroonknt 14 WPRJES afkr pianling 
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Table 5. Canyover and additive effects of compost on soil nitrogen and organic maner contents and seed 
cotton yield 1996. 

ComDost IMdh a) No3-N (uum) Organic Matter (%) Yield 
Trt. No. 1995 1996 6W* 14W 6 W  14 W (Mg/ha) 

la 11.2 11.2 12.7b 2.lab 123b 1.15b 2323 b 

lb  11.2 None 8 . 4 ~  1.6 b 0.954 0.9% 2131 c 

2a 22.4 22.4 13.8b 2.4ab 1.38b 1.18b 2400 b 

2b 22.4 None 7 . 2 ~  1.6 b 1.Ocd 0.88~ 2143 c 

3a 33.6 33.6 16.4a 3.0 a 1.48a 1.35a 2633 a 

3b 33.6 None 9.5c 2.0ab 1.05~ 0.98~ 2057 c 

7 None (control) 7.7c 1.5 b 0.90d 0 .93~ 2137 c 

0 . 6  W and 14 W = 6- and 14-weeks ahp lan thg .  
0 Means within a column followed with a letter in common are not significantly different @uncan's Multiple Range 

Test, a = 0.05). 

Table 4 shows seed cotton yields'for the 1995,%, and 97 t e a .  Application of 33.6 M e a  (15 tonslacre) of 
MSW compost (broadcast or banded) significantly increased seed Coaon yield (187 kg/ha) compared to no compost 
application in 1995. There were no significant diffmnces in yield among the rest of the treatments. In 19% and 97, 
all rates of MSW compost significantly inneased seed cotton yield. Yield increase was proportid to application rate. 
In 1996, for 33.6 Mgha broadcast application treatment, the yield increase was 498 kg/ha or 23% more compared to 

no compost application. In 1997, yield increase at this level of application rate was 30% higher than no compost 
application. Similar results were obtained for the compost injection test in 1997. Yield increases were proportional to 
the application rates. Application of 27.0 Mg/ha increased seed cotton yield by 23% compared to no compost 
application. 

= 3-5 
1 

3 

2.5 
E 

Y 2 2  
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U $ 1  
Y ,= 0.5 

c " o  
0 
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Figure 7. Soil nitlDgen conlent 14 weeks mer planting 
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Table 5 shows canyover and additive effects of compost on soil organic matter and soil nitrogen for both 6- 
and 14-weeks-after planting and seed cotton yield. There were very few canyover effects with all of these parameters 
except for soil organic matter contents 6-weeks-after planting at the 33.6 Mgha (15 tondacre) application rate 
(treatment 3b, Table 5). Additive effects of compost were significant on soil organic matter, nitrogen content and seed 
cotton yield (treatments la, 2a and 3a as compared to lb, 2b and 3b). Increased soil organic matter and nitrogen content 
combined with the potential increase in soil water-holding capacity and decreases in soil dmsity associated with MSW 
compost, could be the contributing factors to yield increase. 

Table 6. Effects of compost on seed cotton yield for compost injection test. 

Application Yield (ke/ha) 
Method 1997 

9.0 Injected 3426 b 

18.0 Injected 3624 ab 

27.0 Injected 3787 a 

9.0 Broadcast 3440 b 

18.0 Broadcast 3592 ab 

27.0 Broadcast 3763 a 

-- 3091 c None 
\ 

Means within a cohunn followed with a letter in common arc not significantly different (Duncan's Multiple Range Test, 
a = 0.05). 

SUMMARY 

Equipment was developed and tested for broadcast, band and injection application of MSW compost at selected 
rates to agricultural land for cotton production. Replicated tests were conducted to determine the effects of compost 
on soil parameters (organic matter, soil compaction, soil fertility and additive effects over years), plant growth, and pest 
population. 

All rates of compost (broadcast application) significantly reduced soil compaction m the top 30 cm of soil for 
cotton rows and row middles compared to no compost application. Banded application did not affect the compaction 
in the row middles. 

Multiple applications of compost (broadcast, 1995 and 96) significantly decreased soil compaction in the top 
30 cm of cotton row and the top 22.5 cm of row middles compared to no compost application. 

All rates of banded applications of compost reduced early season thrips populations in 1995 and 1996. 
However, it showed no effect on thrips in 1997. By midseason 1995, Columbia lance nematode density in the untreated 
check plots was more than double that in all treatments except the 22.4 Mgha (1 0 todacre) broadcast application. 
Columbia lance nematode levels decreased in all treatments between harvest in 1995 and planting in 1996. By harvest 
in 1996, nematode population densities had again increased significantly, especially in the check that had almost triple 
the density of any of the other treatments. Several of the compost treatments had nematode densities comparable to 
those found in the Temik 15G treatment. _- 

All rates of compost significantly increased the soil organic matter content and soil nitrogen content &weeks- 
after planting. The increase was proportional to application rate. However, compost did not affect the leaf nitrogen 
content of the cotton plant during the same sampling period. ' 
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Except for the1 1.2 Mgha (5 tonslacre) banded application rate, MSW compost significantly increased soil 
organic matter 14-weeks-after planting. Only application of 33.6 M o a  (15 tondam) compost (broadcast or banded) 
statistically increased soil nitrogen content during this period. 

In 1996 and 97, all rates of MSW compost significantly increased seed cotton yield. Yield increase was 
proportional to application rate. For the33.6 Mg/ba brogdcast application treatment, yield increase was 23% and 30% 
more compared to no compost application respectively. There were very few canyover effects firom previous year on 
soil organic matter, soil nitrogen and seed cotton yield. 
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ABSTRACT 

The experimental data con"ed that blending and class A biosolids and bottom ash fiom 
power plants produces material that meets the EPA's definition for an exceptional quality product 
and has properties suitable to grow ornamental plants. The tested blends had sufficient 
concentrations of major nutrients (NPK), low soluble salts content (EC), pH in range of 6.0 to 
7.0, and the level of regulated metals (As, Cd, Cr, Cu, Hg, Mo, Ni, Pb, Se, Zn) well below current 
environmental limits. These blends were successfbl in supporting growth of petunias, geraniums, 
marigolds in a research greenhouse as well as poinsettias under normal production conditions in a 
commercial greenhouse. Comparing to control plants geraniums, petunias, and marigolds grown 
in biosoliddash mixtures had darker leaves and showed no symptoms of nutrient deficiency. 
Besides looking healthier, marigolds grown in the tested blends produced much bigger biomass 
than the control. The poinsettia plants looked healthy, visually attractive, and were not 
significantly different fiom the plants grown in commercial mixes. Therefore, biosoliddash blends 
are at least as effective as commercial mixes in supporting plant growth. Cost estimates reveled 
that the bottom ashhiosolids blends are cheaper than the commercial potting mixes and they can 
offer extra savings to a greenhouse (nursery) operators by decreasing fertilizer requirements. 

INTRODUCTION 

Compost produced form municipal sewage sludge (biosolids) can be successfblly used as a 
component in container media (Chen et al., 1988). Compost used for this purpose must be of a 
consistent quality and fblly mature (Inbar et al., 1993). The most important physical properties 
are high porosity and a pore size distribution to facilitate optimal air to water ratios. The desired 
pore size distribution can be achieved by establishing an appropriate particle size during blend 
formulation (lnbar et al., 1993). In addition, container media should have low level of soluble 

. salts (EC), slightly acidic or neutral pH, high cation exchange capacity (CEC), maintain stable 
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volume, and have sufficient level of major nutrients (Inbar et al., 1993). Biosolids compost used 
by itself usually has too high level of soluble salts, too much available nitrogen, and may undergo 
volume reduction over time. Blending of biosolids compost with other materials (e.g., bottom ash 
fiom electrical power utilities) can produce mixes with low level of EC, sufficient concentrations 
of nutrient, and physical properties suitable to grow plants in containers. 

The objective of this research was to evaluate performance of blends of class A biosolids 
(composted sewage sludge) and bottom ash from power plants and as potting mixes in an 
experimental setting and in a commercial greenhouse under normal production conditions. We 
tested a hypothesis that the experimental blends will be as effective as commercial potting mixes 
in growing various ornamentals (geraniums, petunias, marigolds, and poinsettias). 

MATERIALS AND METHODS 

Experiments in a research greenhouse: Composted biosolids fiom sewage treatment 
plants and bottom ashes from power plants in the Southeast US were blended to formulate mixes 
with biosolids to ash ratios of 1 : 1 (50% of compost), 1 :2 (33%), and 1 :3 (25% of compost). The 
resulting blends were used in a greenhouse to grow geraniums (Pelargonium spp.) and petunias 
(Petunia x hybrids). Seedlings of geraniums and petunias (3-5 inches tall) were obtained from a 
local garden center. A commercially available potting mix (blend of milled pine bark, sphagnum 
moss peat, perlite, and charcoal) was used as a reference potting medium. All treatments were 
watered every day with deionized water. No fertilizer was used during the first three weeks of the 
experiment. At the forth week, the control treatments received the first fertilizer dressing (a 
commercial plant feed) as recommended by the producer of the control potting mix. Plants grown 
in biosolids/ash blends were not fertilized. The experiment was conducted for five weeks and 
then pictures were taken and plant growth observations were made. In addition, the biosoliddash 
blends with the ratios (by volume) of and biosolids to bottom ash 1 : 1 and 1 :2 were used to grow 
marigolds (Tageres erecra L) from seeds. The commercial potting mix was again used as a 
control. All treatments were watered every day with deionized water. No fertilizer was used 
during the first three weeks of the experiment. At the forth week, the control treatments received 
the first fertilizer dressing of 100 ml of 1% solution of commercial piant feed (N 15%, P 30%, K 
15%, traces of B, Cu, Fe, Mn, Mo, Zn). The same amount of fertilizer was applied every week till 
the end of experiment. The control plants received jointly about 1 g of N, 2 g of P and 1 g of K 
per pot. The treated plants were fertilized twice during the last three weeks of the experiment, 
receiving about 0.5 g of N, 1 g of P and 0.5 g of K per pot. Marigolds were grown for about six 
weeks and then harvested to measure the biomass produced. 

Experiment in a commercial greenhouse: A pot experiment was conducted in the 
greenhouse of Greenhost Incorporated in King George, VA. Poinsettia cuttings (Euphorbia 
yirlcherrima Willd. Ex Klotsch) were planted in 6" standard round pots on August 22, 1997. The 
experiment was ended on December 1 1, 1997- pots were removed from the greenhouse and 
pictures and measurements of plants were taken. The experimental design included various blends 
of composted biosolids from sewage water treatment facilities in the Southeast US and a bottom 
ash . The inclusion rate of biosolids in the blends was either 25% or 33% by volume. The blends 
were screened to a 114'' particle size diameter before filling the pots. The treatments were 
replicated eight times in a completely randomized design. 
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Table 1. Concentrations of regulated elements (mgkg, dry wt.) in blends of bottom ash 
and biosolids 

BA - bottom ash; B1 - biosolids I; B2 - biosolids 11; B3 - biosolids III; EPA-I - maximum 
permissible concentration; EPA-I1 - maximum concentrations in an exceptional quality sludge. 

The commercial potting mix, normally used in the greenhouse (sphagnum peatmoss + processed 
pine bark+fertilizer), was used as a'control potting medium. All treatments were watered as 
needed (when 10% of plants showed first symptoms of water stress) using an overhead watering 
system. Fertilization with a nutrient solution was included in the watering schedule. Every 10 
days about 200 mL 1% solution of commercial plant feed (N 15%, P 30%, K 15%, traces ofB,  
Cu, Fe, Mn, Mo, Zn) was applied. The plants received jointly about 1.5 g of N, 3 g of P and 1.5 
g of K per pot 

DISCUSSION OF EXPERIMENTAL RESULTS 

Experiments in a research greenhouse: Concentrations of regulated trace elements in 
blends of biosolids and ash materials used to grow geranium, petunias, and marigolds were below 
the regulatory limits established by EPA (Table 1). Since composted biosolids were used in these 
blends, the tested potting mixes are regarded to be a class A materials and consequently they can 
be used for any purpose. Therefore, the biosoliddash mixes are environmentally safe materials 
(low concentrations of trace metals and class A sewage sludge) and can be used for horticultural 
applications without restrictions. The tested geraniums and petunias looked healthy, had colorful 
flowers, and dark green leaves without any visible symptoms of toxicity. Comparing to control 
plants (grown in a commercial potting mix), geraniums and petunias grown in biosoliddash 
mixtures had darker leaves without any visible symptoms of nutrient deficiency, apparently 
because of higher nitrogen (N) and.phosphonrs (P) concentrations in these mixtures than in the 
commercial potting mix (Table 2). 
-. The blends used to grow marigolds had slightly acidic pH, higher than control mix 

content of main nutrients (NPK), and relatively low level of soluble salts (EC). Marigolds 
germinated well and grew very fast in biosoliddash blends. 
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Table 2. Physical and chemical properties of blends of bottom ash and biosolids 

Treatment* 

Control 

BA - bottom ash; B1 - biosolids I; B2 - biosolids II; B3 - biosolids III; 
EC - electrical conductivity 

Plant height F'resh biomass Dry biomass No. of buds 
cm idpot g/POt numbedpot 

17.09 1 .O 1 1.3w .8 7.8'*0.3 l%l 

Table 3. Growth response of marigolds to application of bottom 
ashhiosolids as potting media 

BA+Bl ( 1  : 1) 
BA+Bl (2:l) 

53.3k3.2 266.7kl0.3 59.3k9.0 24b*6 
52.0b*3.6 252.4b*52.7 56.1b*14.2 l8k5 

The tested marigolds were toller, had more flower buds, and produced 15 to 25 times bigger 
biomass than the control plants (Table 3). This strong effect of ash/biosolids blends on the test 
plant growth and development is apparently related to a higher content of nutrients than in the 
control mix (Table 2), a higher germination index of the tested blends, and possibly suppressing 
plant diseases by compost (Hoitink and Faky, 1986). 

Experiment in a commercial greenhouse: Concentrations of trace elements in the 
blends of the bottom ash and biosolids met requirements for an exceptional quality product (Table 
1). The final mix is a class A material and consequently can be distributed and used without 
restrictions The blends had higher content of the main nutrients (NPK) than the control mix and 
an acceptable levels of soluble salts (Table 2). The heights, mean per plant bract cluster counts, 
and the mean diameters of a largest bract cluster of poinsettia plants grown in biosoliddash blends 
(treated plants) were not significantly different from those of the control plants (Table 4). 
Aesthetically, the treated plants were as appealing as the control poinsettias. Visually, telling the 
difference between the treated and control plants would not be possible. Therefore, the 
hypothesis that the blends of bottom ash and biosolids are as effective as commercial potting 
mixes in supporting growth of Poinsettia plants, was confirmed by the experimental results. 
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Table 4. Morphology and growth response of poinsettia plants 
to application of bottom ashhiosolids blends as potting mixes 

Plant height * 
cm 

reatment iT' Number of * 
bract clusters 

Control 
A+Bl (2:l) 
A+Bl (3:l) 
A+B2 ( 2 1 )  
A+B2 (3:l)  
A+B3 (2:l) 

29.8i2.1 6 . M . 8  
27.7i2.3 5 .3 io .5  
24.3*2.5 6.5i0.6 
27.3i3.8 5.7k0.6 
28.O;tO. 1 5.WO.O 
24.5i0.7 6.WO.O 

largest cluster 

22.3k2.2 

23.5M.7 
bA+B3 (3:l) I 3 0.5*6.4 I 5.WO.O I 22.5io. 7 J 
BA - bottom ash; B1 - biosolids I; B2 - biosolids 11; B3 - biosolids Ill 
*Differences are not significant at P<0. 05. 

GUIDELINES FOR PREPARING POTTING MIXES 

The composted biosolids used for preparation of potting mixes must be highly stable (C:N 
ratio around 10; low rate of respiration) and must pass a growth test (e.g., germination test 
2 70%). The final blend should include about 60-75% of bottom ash by volume. If the biosolids 
used have higher contents of nutrients (e.g., N > 1.5%) and higher contents of soluble salts (EC > 
6 0 dS/m), more bottom ash (75%) is recommended. The content of nutrients (N, P, K, Ca, Mg, 
B, Cu, Fe, Mn, Mo, and Zn) in the resulting blend should be identified. Content of N, P, K, Ca, 
and Mg should be reported. This information is necessary to evaluate fertilizer requirements, if 
any The final pH of the blend should be in a range of 5.5-8.0. The final product must have 
consistent properties. The soluble salts of the final horticultural substrate (after mixing bottom 
ash and biosolids together) should be in a range of 0.5-3.0 dS/m (Table 5). Elevated levels of 
soluble salts can be reduced partially by leaching, but this extra step would increase the cost of 
blend preparation. The moisture content should be 3550% because a product that is too dry can 
be hydrophobic (resists wetting) and one that is too wet can be difficult to handle and mix. Mixes 
containing varying amounts of organic matter may be used; however, the organic matter content 
of a specific blend should be consistent. Particle size (texture) of the blend can vary based on the 
potkontainer size. Usually, coarser products may be appropriate for use in larger containers. 
Typically, a product with the particle size distribution from 114 to 1/2" is recommended. 

COST ESTIMATES 

The overall cost of preparing potting mixes From biosolids and bottom ash include cost of 
biosolids, cost of bottom ash, freight cost, and cost of blending and screening. The wholesale 
price of high quality composted biosolids in urban area is around $6-$8 per cubic yard without 
delivery. An average freight rate of composted biosolids in urban area, where trucking is 
somewhat competitive, is $5.00 per cubic yard up to distance of 30 miles. Since both bottom ash 
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Table 5. Recommended properties of biosolids-based potting mixes 

AS Cd Cr 

41 39 3000 

c u  Hg Mo Ni Pb se zn 
1500 17 18 420 840 100 2800 

and composted biosolids have similar bulk densities (800-1400 Ib per cubic yard), hauling cost of 
bottom ash will be comparable with that of composted biosolids. Therefore, it does not matter 
whether bottom ash is transported to the location of biosolids for blending and screening or vice 
versa, the freight cost will be the same. In addition, it reasonable to assume that a source of 
biosolids will be found within a radius of 30 miles from a source of bottom ash, and a wholesale 
customer will be within a radius of 30 miles From a blending operation. That is why the cost 
estimate (Table 9) is based on fieight cost of $5.00/yd3. If these distances are greater than 30 
miles, the freight cost may be too high to make the blending operation and wholesaling bulk 
product competitive and profitable. In such a case, marketing of a bagged product, with a higher 
profit margin, should be considered. Assuming a 30-mile hauling distance, the production cost of 
one cubic yard of a bottom ashhiosolids potting mix would be about $12.50 (Table 9). If this 
product is sold to a customer at wholesale price of $15.00 (at 20% gross profit margin), the 
overall cost to a costumer would only be about 57% of total cost of purchasing a commercial 
potting mix. Therefore, use of bottom ashhiosolids potting mix in production of ornamentals is 
not only feasible technically but it can be profitable as well. In the experiment described, full a 
fenilization program was applied to all treatments, simply because the tested pots were included 
in the normal greenhouse operation structured for plants that did not have nutrients in their 
growing media (commercial potting mix). 
for about 6-8 months of plants growth and do not need fertilization. Because fertilization is not 
needed -- when bottom ashhiosolids potting mixes are used, extra savings for a greenhouse or 
nursery operator can be realized. 

Bottom ashhiosolids potting mixes provide nutrients 
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SUMMARY AND CONCLUSIONS 

Blending class A biosolids and bottom ash from the electrical power utilities produces 
materials that meet the Federal EPA’s definition for an exceptional quality product and have 
physical and chemical properties suitable to support plant growth in a greenhouse under research 
and production conditions. These products are approved for unrestricted distribution and can be 
used as potting mixes without a special permit. Geraniums and petunias grown in biosoliddash 
blends had darker leaves without any symptoms of nutrient deficiency. Marigolds growing in 
blends of bottom ashhiosolids produced significantly higher biomass and had more flower buds 
than the control plants. The tested blends also were successfbl in supporting growth of poinsettia 
under normal production conditions in a commercial greenhouse. The performance of tested 
blends and a commercial potting mix as to produce healthy and visually attractive plants was not 
significantly different. Biosolids used as a component of potting mixes should be highly stable, 
contain high levels of nutrients, and have low concentrations of soluble salts. The inclusion rate 
of biosolids in the potting blends should be in a range of 25-33%. The biosoliddash potting mix 
can be priced very competitively comparing to prices of commercial potting mix and still be a 
profitable. The need for fertilization will be substantially reduced when biosoliddash potting 
mixes are used which means that a greenhouse or nursery operator can make savings not only on 
purchase of a product but also on operations by cutting cost of fertilization. 
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ABSTRACT 

Four different composts at 3 different amounts were incorporated into 1 replicated plots of Myakka fine sand! 
soil (Typic Haplaquod) prior to seecfing annual vegrass (Lolium multiflorum L.) The composts used were 
municipal solid waste (MSW). 2 yard waste composts (YWI. YW2). and a compost made of yard and food wastes 
(KYW). Composts were applied to supply 168.336. or 672 total kg N ha”. 6 estimating % of the total N in the 
compost might be ayailable in the first groking season. Phosphorus was supplied preplant as Inpiesuperphosphate 
(44.8 kg/ha P). Potassium was supplied as KCI (89.7 kg/ha K). In the early months after amendmg the soil. \igor 
and coverage of Fegrass were impeded by p r d  waste compost while MSW compost had the least adverse effects 
on early vigor and coverage. Supplemental N was needed with all compos1s. A second year of d n g  cegrass 
into the plots also required supplemental N to achieve an acceplable stand. Over the two year period. amendments 
of compost doubled the yields of vegrass. compared to unamended plots grow with chemical fertilizer alone. 
however no Werences in yields occurred due to the amounts of amendments used. 

INTRODUCTION 

Traditionally. municipal solid waste (MSW) as well as yard trimmings or kitchen scraps have been considered a 
disposal problem and have been landfilled incinerated or dumped into the ocean. These methods are increasingly 
being eliminated as legislation is witten to allaiate adverse effects on air and water qualih. Landfill space is 
becoming limited with many states reponing their landfill capacity will be reached bI. the end of the century (Repa 
and Sheets. 1992). Composing is an alternative method for processing MSW. yard trimming. and kitchen scraps. 
and remo\mg these materials from the tracfitional waste stream. 

Compost is increasingly being considered as a soil comhtioner and fertilizer (Stratton et 31.. 1995). It is well 
documented that the addition of compost to sandy soil great& improves tilth. soil strumre and quality. as well as 
increasing water-holchng capacih and cation exchange c a p t y  (Cook et al.. 1994: de Benoldi et al.. 1987: Elliott 
and Sta-enson. 1977: Hemando et al.. 1989: Honenstein and Rothwell. 1972: Mays et ai.. 1973: Scanlon et al.. 
1973). Yield increases due to compost amendments have been reponed for turfgrass (Bevacqua and Mellano. 
1993) and corn (Mays and Giordano. 1989) as well as seven1 vegetable crops. MSW compost can suppl\- essential 
plant nutrients (Gallardo-Lara et ai.. 1990: Giusquiani et ai.. 1988: Juste and Mench. 1992: Koma-Aiimu and 
Janssen. 1976: Tisdale et al.. 1985). A detailed review of the effects of composts on crops and the en\ironment 
may be found in a review chapter on the subject Stratton et al. ( 1995). 

i 

’. At this time. ol’er 4.86 million hectares of grassland are grown in Florida. Grasses grown on sandy soils of IOU 
fertility may benefit from addtions of compost to the soil. Marginal soils aith poor structure and low amounts of 
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organic matter and plant nutrients have shown the greatest benefits from additions of compost (Hortenstein and 
Rothwell. 1972: Scanlon et al.. 1973). The soils of Florida grasslands are typically sandy and of low fertility and 
may show much benefit from land application of composts. Short-term benefits may include increased coverage. 
\-&or. and yields of forage grasses. Long-term expected benefits ma?; include improved soil structure. increased 
water-holdmg capacity. increased cation exchange capacity. and possible increased retention of fertilizers. 
fungicides. or pesticides. More research is needed on the long-term benefits of amending soils with composts. 
Add1ti0~1 benefits of land-applying compost include the removal of MSW. and kitchen and yard wastes from the 
tradrhonal waste stream and the effects that removal will have on the innumerable environmental systems 
involved. The research reported herein investigated the &ects of amending soil with MSW compost. yard waste 
compost. or yard and kitchen waste compost on the vigor. coverage. and yield of annual ryegrass (Lolium 
muitiflorum L.). 

OBJECTIVES 

1. To determine the eff'ects of MSW compost. yard waste compost. or lutchen and yard waste compost on \igor. 
coverage. and yield of annual vegrass forage (Lolium muitiflorum L.) 

2. To compare and contrast the effects of the MSW compost with those of a lutchen and yard waste compost. three 
different yard wastes. or ammonium nitrate on coverage. \igor and forage yield of vegrass. 

MATERIALS AND PROCEDURES 

1996 SEASON PLANTING 

In November 1995. 2 composts and 2 yard wastes were obtained from 4 different facilities. The MSW compost 

the Disney composting facility in Orlando. FL. Yard waste 1 (YW1) was 
i s a s  produced @ the Sumter County Municipal Composting Facility in Sumtenille. FL. The kitchen and yard 
ivaste compost (KYW) was produced 
obiained from the St. Petersburg Municipal Greens Waste Collection program in St. Petersburg. FL. Yard \\"e 
tno (YW2) came from yard wastes collected in Sansota. FL and handled @ a private company. Hereafter in 
general. and in tables. these materials will be referred to as N Sources. Anal)zes of the five materials is shown in 
Table I .  

The composts and yard waste ma~erials were applied to the soil prior to early December planting of the 1995- 
1996 winter annual ryegrass crop. lncorporation is described below. Three different amounts of each material 
were applied along with an ammonium nitrate comparison series. The amounts of amendments applied were 
calculated on preliminan- analyzes of the amendments (pro\ided by the supplier) with the estimate that 50% of the 
I\: in the composts and wastes might be readd!- a\ailable to the plants in the first growing season. For each 
amendment. at each calculated amount. the estimared available N from the amendment was expected to 
approslmate thc amounts of N applied as ammonium nitrate. Treatments applied are reponed in Table 2. 

Plots were 2 2 1.) 6 m at the Range Cattle and Education Center at Ona. FL. on Myakka fine sand! soil (Aenc 
Haplaquod) Four replications of each treatment uere laid out in randormzed complete block design Pnor to 
applications the soil was analyed and results are reported in Table 3 

Concurrent with application of the ammonium nitrate. composts or wastes. P ( 4 . 8  kg/ha) and K (89.7 k o a )  
uere applied. Composts. yard wastes. and the fertilizers were surface applied then disked in to 15 cm depth. 
Annual pegrass seed was broadcast -33.6 kg/ha. Soil \vas tamped with a weighted barrel roller. Seed planted in 
Ndtember 1995 failed to germinate and the plots were reseeded in early December 1995. Supplemental N 31 56 kg 
NAia as NH,NO, was applied in Januap. Forage was harvested March 22. and April 17. 1996. Soil \vas sampled 
in Januarl; and April 1996. The top 5 cm of soil \vas scraped ftom the surface and an auger 2.5 cm in dameter 

'was used to take 3 samples per plot \vhich were then mixed and frozen for later analysis. Soil moisture was 
calculated using field moist soils which were air dned for 3 days then reweighed. 
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Table 1. Anal~zes of comwsts and wastes for soil application to annual rveerass forage plots 

EC(dS/m) - C / N O / o N O / o P O / o K O / d S a O / o M n  
N Source 
MSW 7.89 2.6 20.8 1.31 0.22 0.18 2.92 0.18 
YW1 8.02 2.76 25.1 0.90 0.11 0.26 6.45 0.14 
KYW 7.74 7.56 10.8 1.48 0.51 0.41 2.25 0.15 
Y w 2  8.06 2.42 25.7 0.67 0.19 0.21 4.05 0.21 

Table 1. (continued) Analvzes of composts and wastes for soil application to annual rveerass forage plots 

I '  

i 

'-0- '-0 

N Source 
MSW 1210 413 630 25650 75 6 20.1 52 
YW1 251 26 47 2000 17 0.5 41 14 
KYW 84 59 150 3880 17 1.0 9.5 3 
YW2 38 10 56 3165 17 0.5 9.5 2 

Table 2. Materials and amounts of soil amendments or fertilizer amlied 

N AnlOUll t  

estimated 
kdha as N 

0 

I ox 

672 
NA=not apphed 

N Source 

NH ,NO> MSW YWl KYW YW2 
kdha as N Mdha.ww Mdha.sm Mp/ha.ww Mp/ha.w 

0 NA NA NA NA 

I68 72 27 13 27 

3 36 147 54 26 51 

672 287 107.5 51.5 107.5 

r -  
P 
1' : . .  ..- .. .> 
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Table 3. Analvsis of unamended Mvakka fine sandv soil 

EC(ds/m) 0-0.1 
PH 6.3-6.9 ______ mg/kg _____- 
NH,-N 1.5-3.8 
NO,-N 04.5 
P 6-7 
K 13-19 
Ca 600-700 
Mg 175-200 
Mn 0.5-0.8 

Analysis of the forage harvest included yield vigor. and coverage. Yield was measured by collecting completely 
all the clippings in a mowed strip. weighing the clippings wet and dried. and calculating yield for a hectare. Vigor 
was rated \isually on a scale of 1 to 10. 1 representing discolored spindly seedlings ~ i t h  just a few leaves. 10 
representing thick-bladed. large green seedlings with many blades. Coverage w a s  rated visually using an estimate 
of percentage of soil surface covered by the seedlings. Vigor and coverage ratings were made on Feb 20. 1996 for 
the first harvest. the first season. Statistical analysis was by analysis of variance. and regression analysis (Snedecor 
and Cochran. 1980). 

1997 SEASON PLANTING 

Seed planted in early December 1996 failed to gemunate due to severe drought. and ryegrass was reseeded 
Januan 3 .  1997 Phosphorus (44.8 k&) and K (89 7 k&) were applied as in 19%. Supplemental imgation as 
well as an applrcation of supplemental N (56 kg/ha N as NH,NO,) was needed to obtain a single hamest of forage 
on Februav 24. 1997 The ne\% scheduled hanest. a month later. was canceled due to severe drought and death of 
the grass 

RESULTS 

VIGOR 

Plots grown with ammonium nitrate had good vigor especia..,. at the highest amount of N fertilization (Table 
4). Plants in this treatment were robust. well-shaped plants with many blades of good color and e\%ension of 
rhizomes was readdy apparent. Plants grown with MSW compost had moderate to fair vigor which decreased 
somewhat at the highest amount of MSW application. Plants grown with the two yard wastes and the yard waste 
a.ith kitchen waste (YW I .  YW2. and KYW. respectiyet!) appeared pale and stunted with fewer leaves and fewer 
apparent rhizomes than those gronn with ammonium nitrate (Table 4). In  plants grown with KYW rigor 
increased as the amount of application increased (Table 4). Significant linear regressions occurred with 
ammonium nitrate and KY W. 

COVERAGE 

Coverage is reported as the percentage of soil that is covered (100 - the '?'"hat is bare). Coverage was greatest 
in plots with ammonium nitrate. and co\-eragc increased as amount of N increased (Table 5) .  MSW amended plots 
showed the nexi greatest coverage between U and 77% and increasing with amount) while KYW amended plots 
had only about 50% of the soil covered with grass. The yard waste amended plots (YWI. YW2) had onl? about 

Significant linear regressions occurred with ammonium nitrate and KYW. 
. l / 3  of the soil covered with growth. and with higher amounts of application less coverage occurred (Table 5) .  
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Table 4. Vipor of mass Dlanted in amended Dlots (1-10 ratin!!*) 

N Amount N Source 

kp/ha MIANO, MSW YWI Kyw Y w 2  Mean 

0 1.68 1.68 1.68 1.68 1.68 1.68 d 

168 3.12 3.25 2.25 2.50 2.88 2.39 c 

336 5.38 3.37 2.38 3.00 2.75 3.12 b 

672 8.25 3.00 2.38 3.37 2.75 3.56 a 

Mean 6.61 a 2.82 a 2.17 a 2.31 bc 2.52 bc 

*Vigor (10 = premium color. large. evenly-shaped leaf blades. 1= yellow and/or purple color. stunted plant with 
curled or hvisted leaf blades) 
Means within columns or withn rows followed & the same letter are not significantly different 
(pLO.05). 

Table 5. Coverape of grass planted in amended plots" 

N Amount N source 

kn/ha NH,NO, ' MSW nu Kyw yw2 - Mean 

0 44.4 11.4 11.4 44.4 11.4 44.4 b 

168 70 70 37.5 43.8 36.2 47.1 b 

336 89.5 77.5 33.0 55 .0  35.0 53.5 a 

672 99.5 76.2 35.0 56.2 32.5 54.7 3 

Mean 75.8 a 67.0 b 47.8 c 49.8 c 37.0 d 
*Coverage (So of plot are3 covered 
Means within columns or within rows followed @ the same letter are not significantly different 
(pzo os, 

vegetation. visual estimate) 

YIELD 

Yield differed greatly between hanests made on 3-15-96.4-17-96. and Februan. 1997 and the different 
hanests are reported in Tables 6. 7 and 8. Yields were especially low where no amendment was made to the soil. 
but was also quite low where ammonium nitrate was the amendment. At the March 1% hamest. MSW and 
KY W produced the highest yields and ammonium niuate the lowest. With MSW or the two yard wastes. yields 
were lower at the highest amount of application than at the amount just below. At the March harvest. all of the 
amendments escept ammonium nitrate or KYW resulted in lower Fields at the hghest amounts of application 
(Table 6). B!- the ne\- monthly hanest there was no difference in yield between amounts of amendments other 
than with ammonium nitrate: any amount of organic amendments produced about the same yield (Table 7). At 
tKe April 1990 hanest. the MSW. and yard waste treatments produces the highest yields. anunonium nitrate the 
lowest. Plants grolvn only with ammonium nitrate had the lowest forage monthly yield in both March and April of 
1996 (Tables 6 and 7). In 1997. lutchen and yard waste compost (KYW) produced the highest yields of negrass. 

lower yields than ai the ne.\2 lower amount (Table 8). 

f 

.. and ammonium nitrate the lowest (Table 8). AI the hghest amounts of application. MSW compost produced 
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Table 6. Yield of monthlv rvegrass harvest 3-1596 ( m a  dw) 
N Amount N Source 

NH,NO, M B  YWI - Yw2 Mean ke/ha 
0 26.5 26.5 26.5 26.5 26.5 26.5 c 

168 71 1795 1730 1337 1197 1261 a 

336 159 1873 1370 1546 1200 1232 a 

672 496 1283 1153 1795 1024 1050 b 

189 e 1244 a 1070 bc 1 I76 ab 937 c 
Means within columns or mithm rows follolved @ the same letter are not significant& different 
(p10.05). 

Table 7. Yield of monthlv rveerass harvest 3-17-% (kdh a DW) 
N Amount N Source 

kpJha “0, MSW - YW1 KTW - Y w 2  Mean 

I) 164 * 164 164 1 6 1  164 I64 b 

168 317 331-3 2953 2507 31 17 2457 a 

336 473 3377 31 18 2896 2676 2584 a 

672 666 3308 3137 3402 3306 275.7 a 

Mean 405 c 2541 a 2343ab 2242 b 2316 ab 
Means within columns or within rows followed @ the same letter are not significantl? different 
(pic ). 0 5  ) . 

Table 8. 1997 Rvegrass Fields in response to N source and N Amount (kglha DW) 

N Amount N Source 

NH,N0, M S W Y X E Y W 2  

0 346 346 346 346 346 3& 

168 588 906 915 1105 9% 894b 

786 1121 1244 1147 1036 I0723 - -  
.7 .?ti 

672 1311 880 1087 1420 1071 1 1 l Y 3  

Mean 662b 823b 903ab 10173 !%!ab 
,Means within columns or within rows followed @ the same letter are not signtftcantl!. different 
(pLO.05 1. 
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DISCUSSION 

W i h n  a month of establishing the first crop of rlvegrass. some growth impahment was \isibly aident with 
certain amendments. Some of the impediment a p e d  phpsical as in plots amended with yard waste two (YW2). 
Some of the decrease in vigor and coverage q also be attributable to nutrient deficiency. primarily N. Coverage 
and vigor of the plants was least in plots amended with the yard wastes. and these yard wastes had hgher C/N 
ratios than did the MSW or KYW (Tables 1.4 and 5). In both years supplemental N was applied after the 
amendments were applied. In 19%. prior to supplemental N fertilization the plants were visibly stunted and 
colored as to suggest severe N deficiency. especially on plots where yard wastes had been applied. lks effect was 
most likely due to N immobilization by soil microbes as the pard waste decayed in situ. In plots where only 
chemical fertilization was used the N was out of the root zone within a month to six weeks. and plants receiving 
the N fertilizer without a waste amendment produced less forage yield than those grown with waste amendment 
and a small one-time application of N. Yields were best where the wastes with lower C/N ratios and supplemental 
N were accompanied b\. good growing conditions such as adequate soil moisture and cool temperatures. as was the 
case in the April 1996 monthly forage harvest. 

CONCLUSIONS 

I .  A@ci-itions of yard wastes can reSult in i m w m e n t  of \igor and coverage of ryegrass if seeding dlrectly 
follows amendment incorporation. 

2. Yield of ryegrass is greater with adchtion of organic matter to soil. provided enough N is made available to the 
crop. 
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Physically based process models are key for design of industry and municipal scale bioconversion centers 
(Haug, 1993; Das and Keener, 1995, 1996,1997). Presently then are procedures for specifying carbon and nitrogen 
amounts in a crude manner. However, time required for a process to run its course because of the host of 
environmental variables and thermaYphysicalichemica1 interactions bearing on the conversion process is an 
unknown without simulation modeling. 

The complex and dynamic interactions within bioconversion systems are a fundamental component of the 
knowledge base necessary for developing a sustainable cornposting infrastructure. Physical and biological 
processes occurring in most bioconversion systems are not well understood primarily due to the myriad of possible 
substrates and highly dynamic temperature-moisture conditions. This lack of understanding has resulted in much 
empiricism being the norm in current bioconversiodcomposting literature. The w e n t  approach to designing 
commercial composting operations is the reliance on pilot project data. Golueke (1977) is r e c o p e d  as a pioneer in 
the use of pilot project data for full scale design. Hansen et al. (1989), Keener et al. (1996, 1997) and Das et al. 
( 1997a.b.c) used pilot scale approaches for developing full scale designs. They also began efforts to model the 
processes. 

.: At present there is a reasonably good process model (Haug, 1993) for the bioconversion of biosolids 
(product from activated sludge treatment of municipal waste). These models have not been tested sufficiently for 
other substrates. Preliminary work to date suggests that serious shortcomings of the Haug (1993) approach must be 
overcome when generalizing to a broader range of substrates. Keener et al. (1996, 1997), Das and Keener.( 1997), 
and Das et ai. (1997a,b,c) represent pioneering contributions to this end. They considered the compost reactor as a 

Garying physical-microbiologicai parameters through the reactor. 

I 

. ~ 

% 
3 ' - 5 ,  :... a . _  . .' homogenous substrate mix. Stombaugh and Nokes (1996) developed an n layer model for evaluating effects of , <  

Process models are evaluated by comparing predicted state variables with measured state variables in 
, bench, pilot and full scale composting operations. Thoroughly documented process models enable one to design full 

scale operations without the costly steps of bench scale and pilot scale trials, except for the bench and pilot trials 
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required to develop and validate the model. Models may be deterministic, stochastic, steady-state or dynamic. All 
natural environmental bioprocesses are dynamic. Although conditions may often approach steady state, an 
understanding of the dynamics is essential if'the influences of changes in conditions is to be predicted. A wide 
variety of platforms facilitate the development of dynamic models. S ~ p e  et al. (1995) reviews common modeling 
platforms. STELLA', a PC-based simulation program with an excellent graphcs interface will be used in this work. 

In designing a bioconversion system for a previously untested waste stream, five steps are ideally 
performed. These are (1) Feedstock characterization, (2) Pilot scale process evaluation. (3) Product testing, 4) 
Design parameter evaluation, and (5 )  Scale up of system The feedstock characterization includes a complete 
physical and chemical characterization as defined by the Compost Council. Respirometric data are also collected in 
the feedstock characterization. This data are modeled in the pilot phase, which produces product necessary for 
quality evaluation. Sound process models employing data gathered in the feedstock characterization and tested in 
the pilot phase are useful in the scale up phase. This procedure has been applied here to determine degradation 
coefficients of textile industry solids during composting. A systematic evaluation of the composting process at a 
pilot level including waste stream characterization, oxygen uptake, CO, evolution rates, amendments and 
degradation rates are described here. 

The objective of th~s paper is to present a slmple model evaluated using cotton gin trash and wool processing 
wastes. 

MODEL DEVELOPMENT 

The model, adapted from Haug (1993), is presented in simplified form. It is developed starting from the 
assumptions which follow below. \ 

1. 
2. 
3. 

4. 

5 .  
6. 
7 .  
8. 

9. 

C/N ratio lies between 10 and 30 for good composting 
Moisture content lies between 40% and 60% wet basis. 
The carbon, nitrogen, oxygen and hydrogen in the biodegradable volatile solids fraction of the incoming 

First order kinetics are applicable and the biodegradable fraction can be characterized with one rate 
constant. 
Temperature, oxygen, free airspace and moisture have multiplicative effects on the first order rate constant. 
Aerobic metabolism stops at oxygen concentrations below 6% and the system does not become anaerobic. 
Substrate mixture is homogeneous. 
Particle size is sufficiently small such that particle geometry is compatible with pilot scale containers (e.g., 

largest particle dimension is 10 times smaller than the pilot scale reactor). Particle should be small 
enough such that oxygen diffusion into the particle is not limiting. 

substrate stream is known. Nonbiodegradable materials do not participate in the reaction. 

The compost reactor may be modeled as a continuous flow stirred tank reactor (CFSTR) at steady state. 

Assumptions 1 and 2 assure that composting is generally possible. Assumptions 3 through 7 lie at the heart of the 
modeling effort to be described. Assumption 7 must be satisfied in the scaled up system. Assumptions 8 and 9 are 
important in the modeling effort and in scale up itself. It is commonly assumed that particle geometry effects may be 
safely ignored in the scale up process. 

Invoking assumption 3, one may write the following relationshp describing the fate of biodegradable 
solids in an aerobic composting system as 

4a + b - 2c - 3d b - 3 d  
)02 -+ aCO, +- H 2 0  +dNH, 

4 2 
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where subscripts a,b,c.d describe the relative molar amounts of carbon, hydrogen, oxygen and nitrogen respectively 
in the dry portion of the biodegradable volatile solids fraction (BVS). The above equation indxates that 
biodegradable solids combine with additional oxygen to yeld carbon dioxide, water and ammonia in stoichiometric 
quantities. Carbon dioxide and ammonia go off in gaseous form (further assuming that measures are not in place to 
trap the ammonia). The water evolved, along with the water comprising the moisture content of the incoming 
volatile solids, is available for evaporation which usually occurs during aeration. The equation says nothing about 
how fast or slow the reaction may occur. The equation in itself gives no hmt of the temperatures one may expect 
during the course of the reaction. 

Decomposition occurs as a first order reaction rate of the substrate available. The reaction rate is modeled 
using first order kinetics as described as 

= -kd*(BVS*dens i t y*Vol )  d(BVS*density*Vol) 
dt 

where t represents time in days, 
volatile solids fraction in the reactor at time t (e.g., the term on the left of equation I ) ,  density is the dry solids bulk 
density in the reactor, and Vol is the reactor volume. The product BVS*density*Vol represents the grams of BVS in 
th6 reactor. BVS is expressed in grams and time is expressed in seconds. BVS is computed by multiplying total 
solids (TS) by a factor representing the fraction of BVS in the substrate. Nonbiodegradable solids ( NBS) is TS- 
BVS. 

is the composite degredation rate constant, BVS represents the biodegradable 

Following Haug (1993), the cor&osite degradation constant is represented by multiplicative subfactors for 
temperature, oxygen. free air space and moisture content as 

where k, is the temperature correction, hw is the moisture content correction, kFAs is the free airspace 
correction and k,, is the oxygen concentration correction. 

Temperature is adjusted with the Arrhenius correction as 

- CFTR2)l  (4 
(T-TR1)  

kT = kdRl[cl 

where kdR, is the degredation constant ideally obtained from respirometnc studies, TR1 and TR2 are reference 
temperatures, C, and C, are Arrhenius temperature coefficients and T is the substrate temperature. Following Haug 
( 1993) TR 1 =2K. TR2=60C, C,=l.066 and C,=l.2 1 .  These constants describe mixed mesophillic cultures commonly 
found in solid waste degedation and thus considered robust with respect to common substrates. The degredation 
coefficient k,, is particular to each substrate or substrate mixture and thus must be measured respirometrically ( or 
estimated using curve fitting techniques. Haug (1993) discusses the derivation of degradation constants from 
respirometer data. 

Moisture variation effects are modeled using an empirical logistic function. Haug (1993) found the followmg 
equation was adequate for biosolids composting. 
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where moisturefraction represents the moisture fraction (wet bask) of the substrate. Moisture fraction can vary with 
time in composting and can be calculated based on a moisture balance and solids balance to be discussed below. This 
relation in effect says that microbes function best in hgh  moisture conditions and conversely do not function in dry 
conditions. 

Free air space (FAS) is important in composting environments because it is highly correlated with oxygen 
transfer within composting reactors. Data suggests that optimum moisture content for composting is between 55 - 
65%. That optimum exists because of rate limiting moisture films which reduce oxygen diffusion in pilot scale and 
commercial scale systems. Reaction rates proceed most rapidly in an aqueous environment of 100% moisture (used 
in the respirometric evaluation), however above 65% pilot and commercial scale systems tend to become oxygen 
limited, thus the aerobic assumption becomes compromised. The moisture correction factor is 1 at 100% and 
decrease in a logistic curve as moisture content decreases. The FAS correction is given as 

- 
kFAS - [ -23.675*FAS+3.4945] 

I +  e 
where nomenclature has been defined previously. 

Free air space in reality decreases with time because particles constantly consolidate. However, free air 
space is left constant because the interaction? of particles and moisture whch affect FAS through the compostmg 
process on beyond the scope of this preliminary study. 

Oxygen concentration (as measured from exhaust gas, Vol%O) can be limiting particularly when aeration is 
limited. Haug ( I  993) assumed a Monod type relationship wrinen as follows to model oxygen limitation. The Monod 
relationship is given as follows. 

vow0 0 
(7 - k, - Vol%Ot 2 

The Vol%O is the percentage of oxygen in the incoming air. The constant 2 is the percentage of oxygen where the 
process is 50% limited. In reality, oxygen concentrations will be considerably above 6% to keep the reactor from 
becoming facultative or anaerobic. At oxygen percentages of 6% or above (see assumption 6) the 16: will not be less 
than 0.75. Consistent with the CFSTR reactor, it is assumed that the oxygen in the FAS in the reactor is the same as 
that measured in the exhaust gas. 

Balances may also be written describing the state of solids, liquids and gases flowing through the compost 
reactor. Solids are typically partitioned into biodegradable and nonbiodegradable solids. Assuming a continuous 
flow stirred reactor may be used to model the process, the biodegradable solids may be written as 

Rate of storage = input - output + sources - sinks (8a 

or 

d ( B  VS * Vol * densip) 
dt 

= (( B VSI - B VS) * through) + 0 - (kd * B VS) 
- +  

where BVSIN is the biodegradable volatile solids entering the reactor (g/g dry solids), BVS is the biodegradable 
.volatile solids fraction (g ig), the term density is the dry bulk density (g/m3) at time t, through is the dry solids 
throughput rate (gk), Vol is the reactor volume (m’) and other nomenclature are as defined previously. 
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The nonbiodegradable solids balance reflects the addition of fured nitrogen to the nonbiodegradable solids. 
Ammonia furation represents approximately 1 % of the starting mass of compost. When microbes consume the 
substrate they fur some of the nitrogen into a stable organic form. This portion of N fured is calculated from a 12% 
N composition of cells and a cell yield per gram of substrate. The mass of the fured N is added to the non-degradable 
fraction of the compost. 

Total solids may be represented as 

17.01 * d(BVS*Vol*density) 
DrySolidOut = (BVS + NBS) * through + D * (8c 

Mole Wt dt 
where the last term represents the fured N contribution. The nonbiodegradeable materials (NBS) contains ash plus 
nonvolatile biodegradable. This assumes that the system is nitrogen limited. 
Gas constituents of interest are carbon dioxide, oxygen and water vapor. The balance for CO, is given as 

d ( B  VS * Yo1 * density) 
dt 

0.000501 * DryAirin = C02in = C020ut - A(44 1 MoIeWt) * (9a 

where DryAirin is the ventilation rate (g/sec), A is the stoichoimetric factor in Equation 1 and MoleWt is the 
effective molecular weight of the biodegradable solids fraction. The derivative of BVS with respect to time is as 
given in Equation 2. The constant 0.000501 is the fraction of the incoming air which is CO,. DryAirin can be 
calculated from the ventilation rate ("1s) from the gas law as shown in Haug (1993). The equation (in memc form) 
is given as 

(Pair - PVI) * Qair * 28.96 
2355 * (273 + Tairin) DryAirin = (9b 

where Pair is the atmospheric pressure (Ha)  and PV is the vapor pressure (kea), Qair is the volumetric ventilation 
rate (m'k), the constant 28.96 is the molecular weight of air, the constant 235.5 is the gas constant (Wa m3/gm mole 
I() and Tair is air temperature in C. The saturated vapor pressure (Wa) corresponding to Tair can be computed using 

PV, = 3.38639[(0.00738Tuir + 0.8072)8 - O.OO019~1.8Tuir + 48~0.001316] (gc 

where PVs is the saturated vapor pressure (Wa). PV is found by multiplying PVs by the relative humidity (RH). 

For oxygen the mass balance appears as 

d(  B VS * Vol * density) 
dt 

* (32 I Molewt) * [ 4 A  + B-i2c- 3D 1 0.23 14 * DryAirin = 0,in = OZout + 

where A,B,C,D are the stoichiometric coefficients of Equation 1 and the constant 0.23 14 is the fraction of dry air 
represented by oxygen. Other nomenclature are defined as above. The water vapor pressure at the exit may be 
estmted as (Haug, 1993) 

PVO = PVZ + ([PVSO- PVI]*k,,,,,,} 
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where PVO is the exit vapor pressure, PVI is the incoming vapor pressure, PVSO is the saturated vapor pressure at 
the exit. The PVSO is estimated using an equation similar to 9c based on the temperature of the reactor which is as 
yet unknown. 

The total dry gas out (DryAirout, g/s) is given as 

d ( B VS * Vol *density) 
dt 

DryAirout = DlyAirin + GasFactor * (9f 

where GasFactor is the summation of stoichiometric 0, (negative) and CO, (positive) contributions. GasFactor is 
written as 

32 
GasFactor = A * - ( 4 A +  B -  2C- 30)* 

Mole Wt (9g Mole Wt 

The steady state water balance is written as 

output = input + sources - sinks (loa 

or, 
Mcoutdb*Vol*density*through +VaporOut=MCindb*Vol*density*through+Vaporh +Wadd+Wprod (lob 

where MCoutdb is moisture content at exit expressed as fraction dry basis, MCindb is incoming moisture rate 
expressed as fraction dry basis. VaporIn is the moisture rate coming in as a vapor, Wadd is the water addition 
rate( gis). Wprod is the stoichiometric water production rate and VaporOut is the rate of water vapor movement out of 
the system. The left hand side of Equation 10b represents moisture leaving the system. The term (BVS + NBS) 
represents dry material leaving the system. One may modify Equation 9b to predict VaporIn by substituting the 
vapor pressure of water (PV) in the incoming airstream by substituting PV in place of Pair-PV. Similarly, one may 
also substitute PVO in place of Pair-PV in Equation 9b to compute VaporOut. ProdWat is computed as 

[ B;3D] 18.01 *d(BVS) Pr odWar = - * 
MoleWt dt 

(10c 

where nomenclature has been defined previously. The moisture fraction needed in the computation of kMolsturc can 
now. be computed using 

MCoutdb * Vol *density 
(1 + MCoutdb) * Vol * density 

MoistureFraction = (10d 

The temperature of the reactor at time t is required to compute the water vapor exiting the system. 
Temperature of the reactor is determined based on an energy balance. The energy balance can be constructed as 
follows. -- 

Rate of change of energy = energy in - energy out + sources -sinks =O ( l l a  

.The energy in is the sensible heat content of the dry substrate and the incoming water. This can be written as 
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energy in =MCdbin*through*CPSOL*(Tin-Tref) +Wadd*CPWAT(Tin-Tref) +Qair*CPAIR*(Tin - Tref) (1 lb  

energy out = MCdbout*through*CPSOL*(Treact-Tref)+Qair*CPAIR*(Treact-Tref)+Latent ( 1 1 c 

where Latent is the latent heat contained in the saturated air leaving the system, Tin (assumed same as Tair) is the 
incoming temperature(C) of the substrate, added water (Wadd) and of the incoming air. Tref is an arbitrary reference 
temperature(C). The specific heat of air, CPAIR, is taken to be Latent heat (A, kJ/g) may be computed as follows. 

Latent = Qair * (Vaporin - Vaporout) * A ( l l d  

Vaporin and Vaporout are the water vapor in the incoming air and outgoing air respectively (gms water/gms dryair). 
The symbol )i is the latent heat of evaporation given as 

A = 2.501 - 0.002361 * Treact ( l l e  

Vaporin and Vaporout are computed using (ASAE, 1997) 

0.62 1 9 * P VI 
Pair - PVI 

Vaporin = 
0.62 19 * PVO 
Pair - PVO 

Vaporout = 

. 
Nomenclature has been previously defined. The heat lost by conduction (e.g., the major sink term) is assumed zero. 
The major heat source is given by the combustion of the BVS, written as follows. 

d ( B  VS * Vol * density) Source = * HeatCnt ( l l h  
dt 

where heat content (HeatCnt) is in units of kcaYgm BVS. Values for heat content may be found in Haug (1993). 
Equations 1 1 b through 1 1 h may be substituted into Equation 1 1 a for the energy balance. All terms in Equation 1 1 i 
are constant except for Treact. The energy balance presumes no condensation. Equations 3 through I 1 must be 
solved over time, where all parameters are known or hypothesized except for the reactor temperature Treact. 
Software packages such as STELLA" allow one to mpose conditional aeration rates (e.g., rate dependant on reactor 
temperature). One may also impose moisture conditions on which one may add water at a specified rate. 

MODEL VALIDATION 

Substrate: Data from Das et al. (1997b) composting of duster and gin trash was compared to model results. 
The compost process used in Das et al. (1997b) was conducive to modeling. The material was mixed and placed in a 
barrel with temperature control aeration. The compost was only mixed weekly as opposed to continually as the 
model suggests. which explains the discrepancies in the temperature during mixing. Moisture content (wet basis) 
was maintained at above 55% but was adjusted only weekly. The model was set to add water whenever the moisture 
content dropped below 55%. One kg of substrate was used. Data points for the composting are actually a four hour 
m6ving averages. The 0, concentrations are samples taken over a minute. This varies from the data displayed by the 
model which are 6 hour averages of 7.2 averages. Selected model inputs are given in Table 1. 
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Duster, 
Wool 8: 
Gin 
Trash 

Unit Formula (refer to Equation 1) ASH BVS MC Ki Energy 
content 

A B C D % % % Day-' MJKg 

9 11 3 1 40 19 69.1 .015 20* 

Aeration: The aeration for Das et al. (1997b) was set at 40.8 m3/day when vessel temperature exceeded 
55°C. Below 55°C the flow rate was set to 0.45 m3/day. The initial mass of the composting vessel was then used to 
determine specific flow rates of 7.7 m3 /day above 55°C and 0.085 m'lday below 55°C. 

Results: Comparisons between predicted mass, temperature and oxygen were made to validate the model. 
The fraction of remaining solids matches w i t h  two percentage points. The actual data was collected and weighed 
weekly. Selected simulation results are shown in Figure 1. The dry mass decays exponentially as one would expect. 
The temperature and a d o w  dynamics behave as one would expect with aeration being controlled by temperature. 

I 0.00 9.00 1 e:00 27.00 36.0 

I9 1:Temp 2: 0 2  IN 3: DRY MASS 

, 
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I 
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3: 
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Figure 1. Selected dry mass, temperature and oxygen concentration predicted results from the model. 
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The temperature results appear to not match closely, particularly the time at whch the reactor cools. Two 
reasons explain the discrepancies : incomplete mixing and excessive aeration rates. When mixing is incomplete, non- 
degradable material encapsulates BVS which becomes inaccessible to microbial activity. Excessive aeration rates 
can actually be explained as a function of incomplete mixing. The model distributes the aeration evenly. In reality, 
channeling through the substrates exists. The channeled air has higher velocities and a higher effective cooling of the 
vessel temperature. The channeling allows for hot pockets to exist in the vessel creating temperature readings which 
are lower than the average vessel temperature. 

Note the reheating occurs in the actual data on days 7, 14, and 2 1 (Figure 2.). The increased reheating 
suggests more BVS are freed for degradation. Also, if the below 55°C aeration rate is increased the temperature will 
drop off sooner. Doubling the low aeration rates generates a temperature curve more closely related to the actual 
data. The improved fit suggests doubling the aeration rate for non-continuous mixed systems. The reason 
channeling does not affect the high aeration rate is because the same average aeration rate can be generated by longer 
run times at a lower aeration rates, particularly if the actual high aeration is over designed. 

Dramatic temperature drop while aerating does not necessarily mean a finished product, but means 
degradation, and therefore, heat production, has slowed below the cooling affect of the aeration. During the slow 
degradation the pile can 

- 30 
UJ 
0 g 20 
0 

10 

removed for curing or the aeration can be reduced to match the decomposition. 

1 

I 1 
I I 
0 4 8 12 16 20 24 28 32 36 

Days 
1 

I -  Model  w /  design aeration - Model wlincreased aeration -+Actual 

Figure 2. Temperature in composts as a hnction of aeration rate. 

The maximum oxygen consumption rate measured, 2.7 g/mg-DMh, is within 15% of the modeled rate of 
2.3 g/mg-DM/hr. The maximum rate measured occurred within the first day while the modeled peak does not occur 
until day 6. This dscrepancy can point directly to an error in the model. The logistic function which accounts for 
oxygen limitation uses a ratio of the oxygen supplied and maximum consumption in an unlimited oxygen atmosphere. 
This ratio causes maximum O2 consumption to occur after the potential maximum oxygen consumption has decreased 
and therefore increasing the ratio. 
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The measurement of the O2 consumption is questioned, because a sample of air from the head space is taken 
for a minute every hour. Depending on thhe, cycling of the fan, the measurement can be skewed. If the fan is cycling 
during sampling it will give a false low reading and vice versa. Changing the time period that the O? consumption is 
averaged makes a large difference. The data here is a 6 hour average. The hourly averages are higher and the six 
minute average goes as high as 40 mg/g-DM/hr. 

MODEL USES 

The model can be used to evaluate “what if’ questions associated with virtually all operational parameters. 
For example, one may develop different aeration regimes to optimize the composting process. One possibility is to 
develop variable speed aeration motors to maximize ramp up temperatures and prevent excessive cooling. While 
temperature ramp up is not a concem in steady state system, in reality substrate variability does occur. One may 
evaluate reactor vessel sizing in relation to the product throughput rate. A model can predict required changes to keep 
a composting system running optimally or to prevent system failure. 

Another component an operator must control is water addition. Adding ambient temperature water has a 
large impact on the energy balance of the system. Modeling the affects of water addition can also help optimize that 
process. A difficult parameter in compost modeling to determine is the degradation coefficient. Evaluating a 
computed calculated degradation coefficient based on data collected at the pilot scale as was done in this study is 
another use of a process model. 

Much remains to be done with respect to modeling the compost process. Many assumptions are necessary in 
terms of input parameters as well as model structure. Modeling the process enables researchers to structure their 
work in light of a large integrative picture. 
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UTILIZATION OF COMPOSTS AS BEDDING PLANT GROWTH SUBSTRATES 

John C. Bouwkamp 
Xianzhen Li 

Department of Natural Resource Sciences and Landscape Architecnue 
University of Maryland, College Park, Maryland 

INTRODUCTION 

Peat moss is the most widely used source of organic matter for growing horticultural crops in the United 
States. The demand for peat as a substrate constituent for bedding and pot plants has remarkably increased in recent 
years, thus reducing the availability and increasing cost (Nappi and Barberis, 1993). Composts may serve as 
qualitatively and economically as competitive alternative sources of organic matter. 

Composting of organic materials such as animal manure and crop residues has a long history as an 
agricultural practice. Present environmental concerns and an increase in community generated wastes have 
accelerated the technological development of waste products composting. Today, composts derived from biosolids, 
anunal manure and yard debris are homogeneous and easy to use. 

. Many composts are useful in supplying crops with macronutrients such as N, P, IC, and S (Barmzunni and 
Del Zan, 1992; Cortelliui et al., 1996; Kuo, S., 1995; Taylor et al., 1978), and also micronutrients such as Cu, Fe, 
Mn, and Zn (Bomke and Lowe, 1991; Dixon et al., 1995; Giordano et al., 1975). A study by Chancy et al., (1980) 
demonstrated that digested biosolids conpost could provide sufficient trace elements such as Cu, Fe, Zn, and 
macronutnents P and K for growth of French Marigold (Tugetes putulu L.) growth, although not enough nitrogen. 
According to Chen et al., (1988) composted cattle manure and composted grape marc contained high nutrient levels, 
especially P and K whch were slowly released during the growing period. Composts are also useful to formulate 
potting substrates (Gouin, 1985; and Link et al., 1983, Tomati et al. 1993). 

Composts can improve substrate physical properties when they are mixed with peat moss. When peat was 
used alone, air filled pore space (AFPS) was very low; however if blended with composted cattle manure and 
composted grape marc respectively, the AFPS and water-holding capacities were close to ideal (Chen et al., 1988). 
Biosolids composted with bark or biosolids composted with grape stalks had acceptable physical propcrhes (Nappi 
and Barberis. 1993). Measuring physical properties for compost amended substrates intended for nursery 
production IS insufficient. Not all composts can be expected to have comparable efficacy. Substrates containing 
composted biosolids and yard debris had superior performance, but not all their physical properties w m  withm the 
suggested optimum range (Fitzpatrick and Verkade, 1991). According to Bugbee and Frink (1989), composts 
derived from biosolids, pharmaceutical and food flavoring wastes had rather similar physical properties, but plant 
performance was different. Composted cattle manure and composted grape marc, and their blends with peat 
respectively also had similar aeration and water holding capacity (Chen, et al., 1988). 

Bedding and pot plants are ideally suited for utilization of composts, because heavy metals and threats to 
human health are of less concern (Gouin, 1982). However, there is a limited amount of published research on 
utilization of composts as bedding plant substrates. According to Sawhney (1976), leaf compost is well buffered at 
about pH 7, which is considered optimum for the growth of many plants. Yard debris compost can be added to a 
commercially prepared peat-based potting mix for Ageratum (Ageratum housroniunum Mill) up to 50% of final 
volume (MacCubbin and Henley, 1993). Chaney et al. (1980) showed that 33% digested biosolids compost could 
produce African Mangold (Tageres erecfu L.) equal to the complete Come11 mix. Bragg et al. (1993) indicated 30% 
municipal solid waste or biosolids were suitable to grow Petunia (fetuniu hybrida Hort.) and Impatiens (Impatiens 
wulleruna Hooks). French marigold growth was improved when up to 50 % Canadian sphagnum peat was replaced 
by-composed biosolids or up to 30 % replacement of peat by composted food flavoring waste, and up to 40 % 
replacement of peat by pharmaceutical or cranberry wastes (Bugbee and Frink, 1989). 

The objectives of this research were to determine suitability of compost -amended substrates for five species 
of bedding plants compared to two commercially available substrates (Sunshine Mix # 1 and Progro 300s). In order 
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to quantify substrate suitability, the following variables were determined: 

- substrate physical properties 
- substrate chemical properties 
- plant growth and development 
- plant tissue nutrient status including macronutrients and micronutrients 

MATERIALS AND METHODS 

Compost Sources and Treatments 

Four compost sources were tested in this experiment Compro @ (C), h f g m  @ (L), poultry litter (P), and 
Orgro (0). Compro and Leafgro were obtained ftom Maryland Environmental Service, Annapolis, MD. Compro is 
made from lime stabilized biosolids, blended with 50% woodchips and composted in a static pile process. It has 
rather hgh pH above 7.3-7.5. Leafgro is made from 50% leaves and SOO! grass clippings using a nuned windrow 
process. Poultry litter compost was produced by New Earth Service, Cambridge, MD fiom a mix of 50% wood 
chips and 50% poultry litter using a tumcd windrow process. Orgro was obtained ftom PSG Ecology Baltimore, 
MD. It is derived from polymer dewatered biosolids blended with 50% woodchips and composted in a static pile 
process. All two way combinations of the four composts, were blended at 1:l ratio, to make six compost blends, 
thus a total of 10 compost sources including the four unblended composts. Composts were diluted with a base mix 
(peat and perlite at 1: 1 ratio). The compost volumes were 25%, 33% and 50%. The ratios of compost: peat : perlite 
were 2:3:3, 1:l:l and 2:l:l respectively. Thus ,there were 30 substrates. Two commercially available substrates, 
were used as the controls. Sunshine mix #1 (SunGro Horticulture Inc, Bellevue, WA) is made from 70-80% peat 
and perlite. Progro 300s (Progro Products, McCormick, SC) has about 40% composted bark, much less peat and 
perlite. , 

Bedding Plant Species 

Five species of bedding plants were tested in this experiment: Ageratum (Ageratum hourtonranum Mill.) cv 
‘Blue Puffs’, Impatiens (Impatiens wallerano Hooks) cv ‘Dazzler Red’, French marigold (Tageres pamla L.) cv 
‘Bonanza Flame’, Petunia (Petunia hybrida Hort.) cv ‘Madness Red’, and Vinca (Catheranthus roseus L.) cv ‘Cool 
Peppenrunt’. All the plants were obtained as plugs (800 plugdlray) from Tagawa Greenhouses Inc., Brighton, CO. 

Greenhouse Experiment 

The experiment was conducted in 1996 in a greenhouse at the University of Maryland, College Park. The 
expenmental design was randomized complete block, Each of four benches was used as a replication. For each 
replication of a substrate treatment, four Ccellpacks (#804) pcr spccies were used with one plant per cell giving 16 
plants per substrate per replication. The plants w m  transplanted on April 11, 1996. The greenhouse temperature 
was kept 23°C at day and 20°C at night. A h  10 days growth, and weekly thereafter, the plants were fertilized with 
100 ppm N of 20-20-20 (N-P~OS-K~O) . 

Begmmg Apnl 19, and weekly for the next 3 weeks, a 4-cellpack of substrate was taken for analyses from 
each replication of French marigold. The experiment was concluded on May 10. From each plot, plants from a 
randomly selected 4-cellpack were harvested and dned at 60°C to a constant weight. 

Laboratory Analyses 

All substrate samples were b e d  at 60°C for four days. The substrate electncal conducbvity (EC) and P 
were deterrmned from 3g dry samples saturated wth 30 ml deionized water. The samples were shaken for 1 hour on 
a Thermomx Model 1480 (B. Braun, Germany). EC was measured with a Soil Tester (Beckman Insmments Inc ) 
fdlowmg vacuum extracbon (Hershey, 1989) Soluble P was deterrnmed with Spectrophotometer Model 390 
(Sequoia-Tuner Corporahon, Mountaln View, CA) at A = 882 nm (Watanabe and Olsen.1965). Soluble N and pH 
were detemned followmg rmxmg 30 ml of 1 M KCI to 3 g of dry sample, shaken for 1 hour on the above descnbed 

. shaker and filtered usmg Whatman #1 filter paper. Both extractable total N and NH,’-N were deterrmned with a 
Westcan Ammonia Analyzer Model 360 (Alltech, Deerfield, IL). Total N was measured by reducmg the sample 
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NO; fraction to NH,’ fraction with 30 mesh zinc before determination of “H,’-N. 

The substrate samples obtained by weekly sampling were combined, moistened and then lightly packed 
into one 4-cellpack (#804). The saturated weights were recorded a h  the cell packs were saturated with water from 
below for 24 hours. They were weighed again after 24-hour drainage. The substrate dry weight was recorded after 
60 “C oven drying till constant weight. Container capacity and bulk density w m  determined similarly from the 
weight of oven-dried media. Container capacity was determined by weight of water in the wet substrate after 24 
hours drainage. 

KjeldahI-N of plant tissue was detexmined by the method of Bowman et a1 (1988). The procedure for 
determining P, K, Ca, Mg, Cu, Fe, Mn, and Zn of plant tissue was as follows: 0.1-0.2 g dry whole plant tissue 
samples were ashed at 550°C for 3 hours. The ash was dissolved with 10 ml 3.8N HC1. The ashed solution was 
filtered with Whatman M O  filter paper. Hot deionized water was used to rinse the crucible and the filter paper. The 
final volume was brought up to 50 ml. The analyses were performed by the University of Maryland Soil Testing 
Lab. 

RESULTS AND DISCUSSION 

Plant dry weight 

Overall, Leafgro and poultry litter compost amended substrates either alone or blended with each other 
produced large plants, with dry weights either sigdicantly higher or not different from the controls (Table 1). 
When Orgro was used alone, plant growth was suppressed, more severely at higher volume. Orgro blended with 
Leafgro or with poultry litter produced plant dry weights which were not s i g ” t l y  different from the controls. 
The Compro amended substrates gave the poorest response; the only satisfactory substrate was with poultry litter. 
Not all species responded to the substrates in the same way (Table 2). Petunia had a broad adaptation, it could grow 
well m various substrates when other species performed poorly; even at 25% Compro alone or Compro blended with 
Leafgro, or poultry litter at 25-50% compost volume. Other species had slight differences with Compro containing 
substrates, but few differences with Leafgro, Orgro and poultry litter blends or Leafgo and poultry litter compost 
only substrates. 

Substrate physical properties 

The range of values for physical properties of the substrates was small (Tablel). The air filled porosity of 
most substrates is near the optimum range, which is from 10 to 25% (Bugbee and Frink, 1986). The bulk density of 
all substrates was in the ideal range 0.15-0.50 g/cm3 (Nappi and Barbcris, 1993). According to Bugbee and Fnnk 
( 1989), composts derived from biosolids, food flavoring wastes and pharmaceutical wastes had similar physical 
properties, and none of the physical properties we measured were likely to be a major cause of the observed growth 
responses. None of the substrate physical properties were significantly correlated with plant dry weight (Table 3). 

Substrate chemical properties 

Substrate pH 

Over the 4-week experimental period, there was no significant time by substrate interaction (data not 
presented). All the substrates containing Compro had pH values above 7.5 (Table 4). However, the plant dry 
weight of CP @ 25% which had a pH of 7.7 was not significantly different from the Sunshine mix # I  (Table 1). 
Other treatments had pH values from 5.2 to 6.5. The highest total plant dry weight was from the treatment OL @ 
25% which had an average pH of 5.2. The pH range of the experimental substrates was greater than the desirable 
range from 5.4 to 6.8 (Holcomb, 1994). Average (over the 4 weekly samples) substrate pH was negatively 
correlated with plant dry weight, (Table 3) mostly due to the high pH levels in the Compro containing substrates. -- 
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Table 1. Air filled porosity, container capacity, total porosity, and bulk density of the experimental substrates. 
and average dry matter accumulation of beddmg plants grown in the substrates. 

Substrate Air filled Container Total Bulk Dry 

(%) (%) (%) (l&m3) (9) 
Compost Source' porosity Capacity Porosity Density Matter 

c 25% 
c 33% 
c 50% 
CP 25% 
CP 33% 
CP 50% 
CL 25% 
CL 33% 
CL 50% 
CO 25% 
co 33% 
co 50% 
0' 25% 
0 33% 
0 50% 
OP 25% 
OP 33% 

- OP 50% 
OL 25% 
OL 33% 
OL 50% 
L 25% 
L 33% 
L 50% 
LP 25% 
LP 33% 
LP 50% 
P 25% 
P 33% 
P 50% 

Sunshine mix #1 
Progro 300s 

11.8 
16.4 
16.4 
14.7 
12.6 
14.0 
15.0 
9.4 
11.2 
13.6 
17.8 
14.8 
18.5 
16.4 
17.2 
16.5 
18.0 
14.0 
13.6 
14.5 
13.6 
18.1 
14.0 
11.0 
18.8 
10.9 
17.1 
15.2 
20.2 
19.9 

9.3 
13.1 

52.4 
51.5 
50.3 
53.5 
54.0 
51.3 
52.7 
61.7 
57.8 
54.2 
48.3 
52.1 
49.8 
53.4 
51.1 
51.5 
50.2 
53.3 
58.2 
56.9 
58.1 
51.1 
55.6 
60.6 
51.4 
58.2 
52.4 
54.4 
46.9 
47.9 

72.9 
57.7 

64.1 
67.9 
66.7 
68.2 
66.6 
65.2 
67.7 
71.0 
C9.0 
67.9 
66.1 
66.9 
68.3 
69.8 
68.2 
68.1 
68.2 
67.3 
71.9 
71.4 
71.7 
69.2 
69.6 
71.5 
70.1 
69.1 
69.5 
69.6 
67.1 
67.8 

82.2 
70.9 

0.25 
0.26 
0.28 
0.24 
0.29 
0.34 
0.2 1 
0.24 
0.29 
0.23 
0.24 
0.34 
0.20 
0.23 
0.25 
0.22 
0.24 
0.29 
0.2 1 
0.2 1 
0.25 
0.18 
0.19 
0.22 
0.20 
0.24 
0.25 
0.26 
0.24 
0.32 

0.1 1 
0.20 

1.06 Im 
0.84 mn 
0.62 no 
1.85 f-i 
1.71 i-k 
1.73 h-j 
1.48 k 
1.52 jk 
1:14 1 
1.06 lrn 
0.72 no 
0.49 o 
1.04 Im 
1.04 lrn 
0.49 o 
2.20 a-c 
2.15 b-e 

2.39 a 
2.29 ab 
1.84 g-i 

2.04 c-g 

2.04 c-g 
2.08 b-f 
2.12 b-e 
1.87 f-i 
2.18 ad 

1.86 f-i 
2.04 e-g 

2.05 C-g 

1.97 d-g 

1.95 e-h 
2.12 b-e 

C = Lime stabilized biosolids; P = Poultry litter; L = Yard debris; 0 = Polymer dewatered biosolids; 
25% = 25% compost, 37.5% peat and 37.5% perlite by volume; 33% = 33% compost, 33% peat and 33% perlite 
by volume; 50% = 50% compost, 25% peat and 25% perlite by volume. 

I 

' Means followed by the same letter are not significantly different (LSD 0.05). 

-. 
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Table 2. Effects of substrate composition on dry weight of each of 5 species as compared to the control substrates. 
(Sunshine Mix #1 and Progro 300s). 

Substrate 
Compost Source' Ageratum Impatiens Marigold Petunia Vinca 

C 
C 
C 
CP 
CP 
CP 
CL 
CL 
CL 
co 
co 
co 
0 
0 .  
0 
OP 
OP 
OP 
OL 
OL 
OL 
L 
L 
L 
LP 
LP 
LP 
P 
P 
P 

25% 
33% 
50% 
25% 
33% 
50% 
25% 
33% 
50% 
25% 
33% 

25% 
33% 
50% 
25% 
33% 
50% 
25% 
33% 

50% 

5 0% 
25% 
33% 
50% 
25% 
33% 
50% 
25% 
33% 
50% 

Sunshine Mix #1 
Progro 300s 

2.52 
3.19 

2.13 
1.98 

1.94 1.29 
2.53 1.30 

C= Lime stablizied biosolids; P = poultry litter; L = yard debris; 0 = Polymer dewatered biosolids; 25% = 25% I 

7.5% peat, 37.5% perlite (v:v:v); 33% * 33% compos?, 33% peat, 33% perlite; 50% = 50% compost, 25% peat, 25% 
perlite. 

' Indicates significantly (0.05) less dry weight than the lower control substrate; + indicates significantly (0.05) 
greater dry weight than the hlgher control substrate; = indicates not different than both control substrates-. 

3Dry weight (g) for each specie following grown in the control media. 
_- 
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Table 3. Coefficients of correlation between mean piant dry weight and substrate physical and chemical 
propemes. 

Variable Correlation coefficients P value 

AFPS‘ 
ccz 
DFJ3 
PH 
EC4 
P 
N H + 4  

NO,  

-0.157 
0.322 

-0.329 
-0.493 
-0.83 1 
-0.384 
-0.154 
-0.309 

0.3917 
0.0720 
0.0662 
0.0041 
O.OOO1 
0.0302 
0.4004 
0.0853 

Air filled pore space, ‘ Container capacity, Bulk density, ‘ Electrical conductivity I 

Substrate electrical conductivity (EC) 

Substrates containing Leafgro or poultry litter compost had lower EC th8n the other substrates ( Table 4). 
Although the treatment OL @ 50% had an EC of 15 dS/m, the plant dry weight was not sigdicantly different from 
S u n s h e  mix # 1. Accordmg to Bunt (1976) and Holcomb (1994), this EC is excessive. Ova the 4 -week growth 
period, treatment EC changes occurred in an irregular pattern . However, the EC of most treatments had no 
significant changes after the first week of growth (data not presented). Among the variables measured, EC was most 
closely related to plant growth (Table 3). 

Substrate phosphorus (P) concentration 

The poulay litter compost treatment contained the highest water soluble P concentration (Table 4). All the 
substrates contained P concentration above 6 ppm. According to Holcomb (1994), the optimum P range is about 6- 
14 ppm. Substrate water soluble P levels were significantly correlated with plant dry weight perhaps due to the low 
P levels of the high pH Compro containing substrates (Table 3). 

Substrate ammonium (W’) concentration 

Substrates containing Orgro had hgh M4* concentration (Table 4). Many plants in Orgro-amended substrate 
at the highest level (OL @50) died, perhaps due to the high M4’ concentration (Bugbee and Frink, 1989; Jeong and 
Lee, 1992a and 1992b; Lemaire and Dartigues. 1983,). 

Substrate nitrate (NO,) concentration 

Over the growth period, substrate NO< had no si@icant substrate with time interaction (data not presented). 
Average substrate NO3- concentration followed same pattern as the NH,* concentmion (Table 4). Orgro containing 
substrate exhibited hgher NOi concentration, and the concentrations became significantly lower over the 4-week 
experiment (data not presented). Substrates containing Leafgro, poultry litter and their blends had the lowest NO3- 
concentration, but the concentrations did not change significantly over the growth period. Neither substrate NH; 
nor NO; were significantly correlated with plant dry weight (Table 3). 
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Plant tissue chemical compositions 

Plant tissue N concentration 

Plants from Orgro amended substrates had the highest N concentration (Table 5) .  In contrast, plants from 
substrates amended with Leafgro, poultry litter and their blends had less than 3 % N concentration. Plant tissue 
concentration N less than 3% may not be sufficient for many plants @light, 1977). However, in this experiment 
plant growth from those treatments was not reduced. The correlation coefficient between plant dry weight and 
tissue N concentration was -0.205 (Table6) suggesting that N uptake did not limit growth. 

Plant tissue P concentration 

Plant tissue P concentration from Compro amended substrates was lower (Table 5). This is because those 
substrates had pH above 7.5, which probably affected P availability. Most of P concentrations were above 0.3 %, 
which should be sufficient for plant growth (Holcomb, 1994; Jones, et al., 1991). The correlation coefficient 
between tissue P concentration and plant dry weight of 0.745, among the tissue nutrient 
concentrations (Table 6). 

is the highest 

Plant tissue K concentration 

Plant K concentration from substrates amended with Orgo and blends of Compro and Orgro were the lowest, 
abo& 3.1-3.5 % (Table 5). They should not be deficient in that both Holcomb (1994) and Jones et al. (1991) 
mdicated that K in the range of 1.0 to 5.0 % is sufficient. The lower K of plants growing in substrates amended 
with Orgro could be due to high MI,' levels of those substrates, which may have suppressed K uptake. The 
correlation coefficient between tissue K cancentration and plant dry weight was 0.700 (Table 6). 

Plant tissue Ca concentration 

Plant tissues from Compro amended substrates had rather high Ca concentration (Table 6), probably because 
Compro is produced from lime stabilized biosolids. Other substrates had much lower Ca concentration. They 
should be in the appropriate range because Ca average concentration in plant dry matter higher than 0.5 % is 
considered to be sufficient for plant growth (Jones, et al., 1991). The significant negative correlation coefficient is 
probably due to the very high Ca levels in the lime dewatered biosolids (Table 6). 

Plant tissue Mg concentration 

Mg concentration from substrates showed a fairly n m w  range (0.52 - 0.90%). Mg concentration was above 
0.4 % (Table 5). suggesting that Mg was probably not Mg deficient (Holcomb, 1994). The correlation coefficient 
between tissue Mg concentration and plant dry weight was 0.14 2 (Table 6), suggesting no relationship between 
plant dry weight and Mg concentration. 

Plant tissue micronutrient concentration 

The micronutrients, Cu , Fe, Mn, and Zn did not exhibit systematic trends relative to substrates (Table 5). 
The data indicated no micronutrient deficiency or toxicity. There probably was no Mn toxicity since sweet potato 
contained up to 1380 ppm Mn before severe toxicity developed (Jones, et al., 1991). The lowest Mn concentration 
was above 50 ppm in h s  experiment, which is the lower limit of maximum level for general crops recommended by 
Holcomb (1994). For other species, Mn concentrations were generally between 100 to 300 ppm. The-highest Zn 
was about 470 ppm (Table 5), which is above maximum upper limit (Holcomb, 1994). Plants from Orgro or Orgro 
blended substrates had Zn concentration over I00 ppm. Plants from rest of the substrates had Zn concentration from 
50 to 100 ppm (Table 5). This range is more than sufficient for plant growth, which is reported to be 15 to 50 ppm 
(Jones et al., 1991). 
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Table 4. Substrate pH, EC, water soluble P, NH,, NO3 and Total N averaged over the 4 sampling dates. 

Substrate PH EC P NH, NO3 
Compost Source ' dS/m " PPm PPm 

C 
C 
C 
CP 
CP 
CP 
CL 
CL 
CL 
co 
co 
co 

0 
0 
OP 
OP 
OP 
OL 
OL 
OL 
L 
L 
L 
LP 
LP 
LP 
P 
P 
P 

0' 

25% 
33% 
50% 
25% 
33% 
50% 
25% 
33% 
50% 
25% 
33% 
50% 
25% 
33% 
50% 
25% 

50% 

33% 
50% 
25% 

50% 
25% 
33% 
50% 
25% 
33% 
5 0% 

33% 

25% 

33% 

7.5 
7.6 
7.8 
7.7 
7.6 
7.7 
7.6 
7.6 
7.6 
7.5 
7.5 
7.6 
5.2 
5.3 
5.5 

5.4 
5.7 
5 -2 
5.4 
5.6 
5.6 
5.9 
6.4 
5.4 
5.9 
6.5 
5.5 
5.8 
6.3 

5.3 , 

Sunshine Mix#l 6.0 
Progro 300s 5.9 

LSD 0.05 0.2 

14.5 
18.0 
22.2 
10.4 
13.1 
11.0 
16.8 
16.2 
20.4 
19.7 
24.2 
25.8 
14.2 
15.0 
22.5 
8 -4 
7.6 
11.9 
8.1 
12.4 
15.0 
4.4 
6.0 
7.1 
4.2 
5.8 
6.8 
5.0 
4.9 
6.1 

6.8 
6.7 

3.2 

7 
6 
6 
18 
17 
17 
19 
9 
10 
7 
6 
6 
28 
17 
14 
94 
113 
120 
42 
32 
29 
179 
264 
262 
474 
449 
434 
668 
632 
580 

120 
103 

50 

5 
5 
5 
6 
4 
3 
5 
5 
4 
93 
103 
148 
2879 
4232 
4722 
1745 
1473 
1590 
1469 
2000 
2039 
69 
34 
10 
59 
35 
7 
48 
28 
9 

63 
64 

2 12 

87 
84 
110 
59 
104 
61 
80 
52 
62 
182 
181 
192 
3 74 
565 
860 
286 
217 
354 
185 
192 
3 14 
59 
17 
13 
14 
15 
27 
25 
19 
37 

145 
277 

151 

C= Lime stablizied biosolids; P = poultry litter; L = yard debris; 0 = Polymer dewatered biosolids; 25% = 25% I 

7.5% peat, 37.5% perlite (v:v:v); 33% =33% compost, 33% peat, 33% perlite; 50% = 50% compost, 25% peat, 
25% perlite. 

236 



Table 5 .  Plant tissue (average of 5 species) nutrient concentration. 

Substrate N P K Ca MI3 cu Fe Mn Zn 
Compost Source’ (%) (%I (%) (%) PPm PPm PPm PP 

C 25% 
C 33% 
C 50% 
CP 25% 
CP 33% 
CP 50% 
CL 25% 
CL 33% 
CL 50% 
CO 25% 
co 33% 
CO 50% 
0 25% 
0 33% 
0 50% 
OP 25% 
OP 33% 
OP 50% 
OL 25% 
OL 33% 
OL 50% 
L 25% 
L 33% 
L 50% 
LP 25% 
LP 33% 
LP 50% 
P 25% 
P 33% 
P 50% 

3.76 
3.41 
3.45 
3.09 
3.20 
3.16 
3.26 
3.42 
3.48 
4.01 
4.08 
4.3 1 
6.65 
6.84 
7.28 
5.67 
5.69 
5.73 
5.39 
5.79 
5.84 
2.67 
2.66 
2.81 
2.64 
2.90 
2.99 
2.79 
2.84 
2.98 

SunshineMix #1 2.50 
PG 300s 3.24 

LSD 0.05 0.32 

0.44 
0.34 
0.30 
0.62 
0.55 
0.55 
0.49 
0.5 1 
0.48 
0.43 
0.38 
0.34 
0.90 
0.86 
0.70 
1.17 
1.13 
1.1 1 
1.10 
1.04 
0.87 
0.89 
0.91 
0.88 
1.02 
1.01 
0.96 
1.22 
1.13 
1.10 

0.84 
0.94 

0.06 

4.32 
4.02 
3.80 
5.57 
5.62 
6.00 
5.47 
5.70 
5.76 
3.41 
5.44 
3.1 1 
3.46 
3.16 
3.11 

5.47 
5.35 
5.38 
5.70 
5.60 
6.32 
7.08 
8.04 
6.13 
7.00 
8.10 
6.12 
6.67 
7.2 1 

3.56 
5.28 

0.34 

, 5.19 

4.64 
4.70 
5.07 
3.34 
3.40 
3.14 
3.75 
3.70 
3.68 
4.36 
4.42 
4.13 
0.78 
0.77 
0.83 
1.06 
0.97 
1.11 
1.12 
1.04 
1 .oo 
1.37 
1.14 
1.09 
1.17 
1 .oo 
0.82 
0.93 
0.80 
0.59 

1.62 
2.47 

0.20 

0.73 
0.74 
0.77 
0.63 
0.67 
0.72 
0.64 
0.65 
0.74 
0.74 
0.74 
0.73 
0.68 
0.65 
0.66 
0.86 
0.82 
0.90 
0.85 
0.82 
0.70 
0.61 
0.55 
0.55 
0.64 
0.60 
0.52 
0.64 
0.61 
0.54 

1.06 
1 .oo 

0.06 

22.8 
21.7 
22.5 
23.4 
22.8 
25.1 
17.6 
17.5 
21.7 
18.9 
19.8 
22.2 
26.7 
28.0 
29.4 
30.0 
32.5 
31.9 
23.2 
24.0 
23.2 
14.1 
13.5 
14.8 
18.3 
20.6 
22.1 
21.9 
21.6 
25.9 

13.2 
12.5 

2.5 

427 
482 
798 
326 
327 
436 
226 
294 
459 
396 
588 

1066 
960 

1213 
1564 
714 
775 
908 
733 
804 
704 
218 
164 
187 
219 
215 
172 
185 
178 
166 

156 
172 

137 

215 65 
225 62 
245 65 
146 70 
147 68 
139 78 
238 64 
255 68 
249 71 
203 75 
21 1 77 
203 74 
452 164 
406 151 
344 140 
617 217 
465 210 
460 209 
698 164 
728 168 
431 138 
336 91 
329 96 
370 96 
323 90 
229 113 
177 100 
20 1 97 
147 97 
100 95 

305 03 
116 110 

49 13 

C =Lime stablizied biosolids; P = poultry litter; L = yard debris; 0 = Polymer dewatered biosolids; 25% = 25% I 

7.5% peat, 37.5% perlite (v:v:v); 33% = 33% compost, 33% peat, 33% perlite; 50% = 50% compost, 25% peat, 
25% perlite. 

_ _  
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Table 6. Correlation coefficients between mean plant dry weight and average nutrient concentrations of plant tissue growmg 
in experimental substrates. 

Nutrients Comlation coefficients P Value 

N 
P 
K 
Ca 
Mg 
Mn 
Zn 
c u  
Fe 

- 0.205 
0.745 
0.700 

- 0.578 
0.142 
0.314 
0.404 

- 0.112 
- 0.495 

0.2597 
o.Ooo1 
0.0001 
0.0005 
0.4375 
0.0800 
0.02 17 
0.5404 
0.0040 

All treatments except Leafgro had higher Cu concentrations than the two controls (Table 5). Most plants had 
atbut 10 to 20 ppm Cu concentration except those plznts h m  Orgro or Orgro blended substrates, and which had 20 
to 40 ppm Cu. The range from 20 to 40 ppm could be approaching the toxicity level (Jones, et al., 1991). There 
was a wide range in Fe concentration among treatments. Holcomb (1994) did not mention an upper limit of this 
element. The highest Fe concentrationis 1564 with 0@5% substrate. Most substrates containing Leafgro, 
poultry litter or Leafgro blended with poultry litter had Fe concentration lower than 250 ppm, but most of the other 
substrates had more than 250 ppm Fe. Jones et al. (1991) only mentioned rice c d d  have Fe toxicity if its 
concentration is up to several hundred ppm, but some other species could have up to loo0 ppm without Fe toxicity. 
No microelement tissue concenmtion was si@icantly correlated with plant dry weight (Table 6). 

CONCLUSIONS 

Overall, yard debris (Leafgo), poultry litter and their blends produced good results for bedding plants. 
They can partially repiace peat and perlite by 25 to 50%. Polymer dewatered biosolids (Orgro) blends, either with 
Leafgro. or with poultry litter, from 25 to 50% volume, are excellent substrates. Plant dry weight from those 
substrates were either equal to or greater than those from Progo 300s which was the better substrate for most 
species. However, when Orgro was used alone, even at 25% volume, plant growth was very poor. Many plants died 
at 50% volume. Overall Compro is not recommended for bedding plants. Most of the plants grew poorly when 
Compro was used alone or blended with Orgro, Leafgro or poultry litter. The best combination was with poultry 
litter at 25% volume where plant dry weight was not s i g ” t l y  different from Sunshine mix #l .  Blends of 
composts from two sources often exhibited performance superior to either component alone. 

Most of compost-amended substrates had similar air filled porosity, container capacity, and bulk density. 
Therefore, these p r o p e s  w m  probably not major causes of variations in plant performance. 

Substrate chemical properties were quite different in terms of pH, EC, P, NH,’ NO; , and total N 
concentration. Orgro had very bgh NH,’ Concentration and this could be the reason why some plants died with 
Orgro amended substrates. The good performance of some substrates could be due to the combination of proper 
range of pH and EC, which were 5.2 to 6.5 and 5-8 dSlm respectively; and also due to the adequate amount of P 
concentration and no detrimental , NH,‘ concentration. Those composts in which plants performed poorly may 
have been due to the combination of detnmental factors. 

Our data do not suggest that plants from poorly performing substrates have nutrient deficiencies or 
toxicities because most plant tissue N, P, K, Ca, Mg, Mn, Zn, Cu, and Fe concentrations are within optimum ranges. 

. The plants from Leafgro, poultry litter and their blends amended substrates may have lower N and Ca concentrations 
compared to those from Compro and Compro related substrates. 
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MUSHROOM COMPOST REMEDIATES ZINC TOXICITY IN COTTON 

Lany M. Shuman 
Crop and Soil Sciences Department 

University of Georgia 
Georgia Experiment Station 

Griflin, Georgia 

INTRODUCTION 

Flue dust is a by-product of steel industry where electric arc furnaces are used. It contains as much as 10% 
Zn (Weeks, 1993). A fluedust by product was spread on cropland in the Coastal Plain of Georgia as a liming agent, 
both in the Tifton area (Davis et al., 1995) and in Johnson and surrounding counties. In recent years severe Zn 
toxicities have occurred in a number of crops in the anas where the material was spread including peanuts, saybeans, 
and cotton. Zinc levels in severely stunted cotton plants in Johnson county were above 2000 mg kg-', well above the 
critical toxicity level of 200 mg kg-' for cotton (Gouypiunr hirsutum L.) found by Ohki (1975). 

The most obvious method for reducing plant Zn toxicity is to raise soil pH through liming to reduce the plant 
availqbility of the metal. Williams (1980) found that for most crops tested which suffered from metal toxicity from 
sewage sludge, raising the soil pH to 7.0 -7.2 reduced metal tosicity compared to pH 6.2-6.5. At high pH Zn is 
adsorbed mostly by the organic matter where it is held as an organic complex Therefore, raising soil pH and adding 
organic amendments can work together to help ameliorate Zn toxicity (Jaluruddin et al., 1985). 

Higher organic matter in soils leads to lower Zn in plants whether the organic matter is natural (Romney et 
al., 1977) or added as an amendment to contaniinated soils (Marquenie et al., 1981). Cattle manure and maize straw 
added to two different soils reduced Zn availability as much as 50% (Tagwira et al., 1992). White and Chaney (1980) 
found that organic matter was more important than Fe osides in moderating the effects of excessive soil Zn and 
limiting plant uptake. It has been found that liming alone does not account for the ameliorative effect on municipal 
wastes in lowering plant uptake of Zn, so the organic material also contributes an effect (Mortvedt and Giordano, 
1975). McGrath et ai. (1988) showed that lower Zn was estracted at all pHsfrom soil sampleswith the highest organic 
matter than from those with the lowest organic matter indicating that organic material lowers plant availability 
regardless of the pH. 

Since remediation of tosic soil Zn is a problem in cenain Coastal Plain soils, a pot experiment was canied 
out to test remediation strategies and to determine the alteration of Zn in soil fractions with liming and organic matter 
additions. The objectives of the research were to: 1) determine the pH level that would remediate Zn toxicity to cotton 
in fluedust contaminated soil; 2) to esamine the effect of adding a musliroom compost on Zn toxicity remediation. 

MATERIALS AND METHODS 

Bulk soil samples were taken from 0-15 a n  dcptli froiii a cotton field in Johnson county in the Coastal Plain 
of Georgia. where a flue-dust had been applied as a liming agent for approsimately 10 years, ceasing four years before 
sampling. The flue-dust was contaiiiiiiated with Zn. Pb. and Cd with die major pollutant being Zn. Two adjacent sites 
were sampled which were termed high-Zn soil and lo\\-Zn soil. The high-Zn soil was from an area where the cotton 
plants were sevcrcly stunted (terminal growtli about 5 cm) and tissue analysis confinned that they were suffering from 
Zn tosicih and not froin F'b or Cd tosicity. The otlm area had cotton plants growing well and was used as a control. 
The soil types for the two areas werc Clarcndon loamy sand (Plintliaquic Paleudult) and Dothan sand (Plinthic 
Kandiudult). Soil physical and cliernical cliaricteristics (Black. 1965)are given in Table 1 (Shuman and Li, 1997). 
Total metals \\.ere detennincd according to Sliuinan ( 1979). 

A greenhouse esperiment was carried out with 1 lime treatments (0 control, 2.24.4.48, and 8.96 Mg ha-') and 
2 spent muslirooni compost treatiiicnts (67.2 Mg ha" compost and tlie same amount of compost plus 4.48 
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Table 1. Soil Properties 

Zinc Soil Soil Organic Total 
Status Type Classification Sand Clay Matter CEC pH Zn 

---- kg-' cmol, kg-' 1:l mg kg-' 

High Zn Clarendon Plinthaquic 808 128 25 1.7 4.89 414 

Low Zn Dothan s Plinthic 912 52 18 1.4 5.39 95 

Is Paleudult 

Ka nd i ud u I t 

Mg ha'l lime). The lime was laboratory grade calcium carbonate and the spent mushroom compost was screened 
through a 2 mm sieve. Soils were mixed with lime and spent mushroom compost and a blanket N-P-K-Mg treatment 
in a V-blender and potted in 3 kg-size pots. The N-P-K-Mg was 100-30-145-25 mg kg' from "o,, KHW,, K a  
and MgSO,. 7H20. Germinated cotton seeds (variety HS16) were planted and thinned to 4 per pot. There were 4 
replications in a completely randomized design. The pots were watered daily to approximately field capacity. 

. Plants were harvested after 8 weeks by cutting near the soil surface and the leaves were separated for analysis. 
Plant tissue samples were dried at 70" C in a forceddraft oven and weighed. Leaves were ground in a Wiley mill to 
pass a 425pm stainless steel screen. A 0.5 g leafsample was wet digested using a nitric-perchloric acid mix (4:l v/v 
basis) with digestion completed in aluminum block lieatcrs at 205 "C. Ashed exmctswere made to 25-mL volume and 
Zn and Mn analyzed by flame atomic absbrption spectrometry. Soils were air dried, srreencd through a 2 mm sieve 
and analped for pH (1:2 soilxater) and for Zn by the DTPA niethod (Lindsay and Norvell, 1978). 

A Zn adsorption esperiinent \\'its carried out where one gram of soil or amended soil was placed in a 50 mL 
centrifuge tube and 15 mL of 0.01 mol L' CaCI, added. The pH of the suspension was adjusted using dilute HCl or 
KOH. Fifteen mL of tlie appropriate zinc solutions, as ZnCI,. were added at twice the final strength and with the pH 
adjusted according io the treatment. The final background salt concentration was thus 0.005 mol L' CaCI,. The pH 
treatments were 4.0 to 8.0 in steps of 1 pH unit. The Zn concentration was 1.00 "01 L-'. Each treatment was 
replicated tlm times. These suspensions were sli'aken for 10 min. on a reciprocating shaker and placed in a 25°C 
water bath for 23 hr. The tubes were shaken once again for 10 min., centrifuged, and the supernatant filtered through 
Wliatman number 42 filter paper. The solutions w r e  analyzed for Zn by flame atomic absorption spectrometry. 

RESULTS AND DISCUSSION 

PLANT GROWTH 

The Iiigh-Zn soil was estremely tosic to cotton with most plants stopping growth at a two-leaf stage and 
exhibiting severe tosicity syiiiptonu such as yellowing of the enlire leaf and development of necrotic areas as well as 
severe stunting. Ohki (1975) found interveinal chlorosis and enlarged necrotic areas in cotton affected by Zn toxicity 
in nutrient solution esperiments. In stroligly acidic soils, most plants become chlorotic when they are exposed to 
escessive soil Zn because Zn interferes with Fe upt'akc. translocation, and utilization in the leaves (Kabata-Pendias and 
Pendias, 1983; Chaney, 1993). However. in most soil qstcms. leaves do not contain deficient levels ofFe even when 
they are severely chlorotic due to escessik soil Zn (Rosen ct al.. 1977: White et al., 1979). In this study IeafFe was 
above 100 mg kg'l indicating that suflicient Fc was present for nonnnl plant growth. Thus, the chlorosis caused by 
excessive Zn was likely a result of tlie Zn inierfcring with the utilization of Fe in chlorophyll biosynthesis (Chaney, 
1993). 

Lime treatinents up to 9 Mg I d  did not aiiielioratc the Zn tosicity (Fig. l), since the plant growth was 
statistically the same for the 9 Mg ha-' as for the control. Only the compost was able to produce normal growth on this 
very tosic soil and adding lime to the compost did not incrcase growth (Fig. 1). For die low-Zn soil the lime rates 
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Table 2. Plant Zn for cotton grown in two soils amended with lime or mushroom compost 

Zinc 67 Mglha + 
Status Control 2 Mglha 4 Mglha 9 Mglha 67 Mglha 4 Mglha 

Lime Compost Compost + Lime 

LowZn 1079 at 872 b 425 c 111 d 36 d 38 d 

HighZn 965 d 1706 b 1975 a 1368 c 219 e 198 e 

'Values followed by the same letter within a row are not different at the 5% level according to 
an LSD. 

dramatically increased tlie growth up to 9 Mg ha-' (Fig. 1.). The plants at the highest lime rate had no visual toxicity 
symptoms and no further increase in growth would. be espected from higher lime rates, especially since the plants for 
the compost were similar to those at tlie highest lime rate and the soil pH was higher for the compost. This low-Zn 
soil was adjacent to the high-Zn soil in tlie field and was supporting normal plants. Evidently the Zn level in this soil 
was high enough to cause tosicity in the greenhouse where the roots were confined. In the field the roots may have 
grown below the tosic surface layer 
giving better plant growth than 
experienced in tlie greenliouse where 
no additional lime was added 
(control). Other data on the low-Zn 
soil indicated that at 10 cm dcpth the 
total Zn \vas at background levels (Li. 
1996), so plant roots could grow into 
less tosic layers in the field. 

PLANT ZINC 

Plant Zn levels for tlie 
severely stunted plants grown on tlie 
high-Zn soil at the control and tlic 3 
lime rates were variable, but obviously 
were in a tosic range (Table 2. 
Shuman and Li. 1997). The conlrol 
plant Zn valucs for tlic Iiigli and lo\\ 
Zn soils were similar. bur tlie plaiii Zn 
for the high-Zn soil and tlic 3 lime 
rates were higher than for tlie low-Zn 
soil. This result is unespected and 
reveals the problems with analyzing 

Plant Weight 
.- 
R I L W  zn soil 

Fig. 1. Plant weights for two soils amended with four lime and two compost 
treatments. Error bars are for one standard deviation. (Shuman and Li. 1997) 

wry small, stunted plants \vliich continued to live for the life of the esperiment and continued to accumulate Zn during 
that time. These levels of Zn up to nearly 2000 iiig kg-' were very tosic to tlie plants. Only the compost treatment 
produced nonnal plants witli Zn bclow the tosic range of 200-300 mg kg-' ( O N ,  1975). The critical toxic level for 
cotton is also confinned by Lee and Page (1967). who found Illat cotton would grow normally below 200 mg kg-', grew 
intenncdiately at 200 to 250 nig kg". aiid very poorly ab0i.c 250 m g  kg" leaf Zn. The leafdata liere supon the theory 
t l i 3  tlie field problem \\;is Zn iosiciiy. The liiiic for ilic Iow-Zn soil lowered the Zn in the plants with each increment 
(Table 2)  and produced noli-toxic Icvcls ai tlic 9 Mg ha.' rate and for tlie compost as evidenced by plant growth and 
by the Zn levels being bclo\\ tlie 21)U iiig kg' raiigc giwn by Ollki (1975). 
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Table 3. Soil pH (1:1, soikwater) for two soils amended with lime or mushroom compost. 

Lime Comwst Comwst + Lime 
Zinc 67 Mglha + 
Status Control 2 Mglha 4 Mglha 9 Mglha 67 Muha 4 MgJha 

Low Zn 5.39 et 6.08 f 6.67 c 7.06 b 7.61 a 7.57 a 

HighZn 4.89 e 5.45 d 5.82 c 6.26 b 6.84 a 7.03 a 

'Values followed by the same letter within a row are not different at the 5% level 
according to an LSD. 

SOIL pH 

Lime additions raised soil pH incrementally to near 7.0 for the low-Zn soil but the pH values were lower at 
similar lime rates for the high-Zn soil (Table 3, Shuman and Li, 1997). The results @hate that the high-Zn soil was 
more acid to start with (controls) and needed higher amounts of lime to ameliorate the Zn toxicity than the low-Zn soil. 
Amelioration of the toxicity came at pH le\fcls of 2 7.0 for the Iow-Zn soil and 26.8 for the high-Zn soil for the compost 
treatments only. These results indicate that for these soils, liigh pH levels are necessary to ameliorate the Zn toxicity 
caused by the flue-dust amendment. 

Compost treatiiicnts raised tIic,pH to higher levels than did the lime at 9 Mg ha-' and gave remarkable 
increases in growli. Adding lime with tlle compost did not raise the pH furtlier. The compost may have added plant 
nutrients to aid plant growth, but the blanket fertilizer would have elimnated any nutrient effects. The pH level for 
the compost plus linie for the higli-Zn soil \vias higher tllan for the compost alone, but the values were not statistically 
significant. It is interesting to note that whcre no compost was added, 9 Mg ha-' lime that raised the pH to above 7.0 
was necessary to ameliorate tlie Zn toxicity for thc lo\v-Zn soil. However, with the compost treatment for the high-Zn 
soil. the Zn tosicity was 
ameliorated at a pH level of only 
6.8. Thus, it would appear that 
more than the soil pH was 
involved in the coiiiposr bcing 
able to amclioratc the Zn tosicity 
similar to the results of Momcdi 
and Giordano (1975) with scwagc 
sludge. The fact that the tosiciiy 
was ameliorated at lower pH by 
the compost is even more 
remarkable when tlic amounts of 
Zn in the two soils are taken inio 
account with the high-Zn soil 
having over 1 times the total Zn 
as the low-Zn soil. Since thc 
plants grew so poorly at tlic 9 Mg 
ha.' rate for the high-Zn soil. I I  

would seem that evcn a t  a linicd 
pH the same as tlic coinpost. the 
plant growh would not have bcen 
comparable. 

Plant Weight vs. Soil pH 

lo r 

t I 

I I I 
4.5 5 5.5 6 6.5 7 7.5 8 

Soil pH 

Fg. 2 Plant weight versus soil pH values. (Shwnw, and Li, 1997) 
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PLANT WEIGHT KY. SOIL pH 

The regression for the plant weights and the soil pH was Curvilinear and the best fitting c w e  was a power 
or geometric equation (Fig. 2) Plant weights were low at pH values below 6.5. At the higher pH values there weE two 
groups with the highest plant weights being at pH 6.8 for the high-Zn soil with compost alone, and the other group 
being at pH 7.1 to 7.6, which were the other compost treatments. Thus, the amelioration of the Zn toxicity related to 
soil pH was fairly clear-cut with the amelioration coming at soil pH values of about 6.8 and above. This is the pH level 
where Zn would begin to precipitate as Zn(OH), and the Zn would be strongly adsorbed in specific sites on clay and 
organic surfaces (Jaluruddin et al., 1985). Adsorption ofZn greatly increasesat high pHvalues (Shuman, 1975). More 
Zn would be present in the Zn(0H)’ fonn than the Zn** at pH >7 (Lindsay, 1979). Zinc adsorption was increased in 
a Norfolk soil that is from the same physiographic region as the soil used in the pot experiment at pH 5 and 6, but not 
at higher pH values (Fig. 3). 

PLANT W I G H T  PS. DTPA ZN 

Extractable soil Zn should be negatively correlated with plant growth in this toxic situation for suitability in 
predicting plant toxicity. The DTPA method of Lindsay and Norvell(l978) was s u d  in predicting Zn toxicity 
in that the linear correlation coefficients were negative and significant (Fig. 4) The data for the low-Zn soil gave a 
fairly unifonn linear pattern throughout the range of soil pH. The high-Zn soil data, however, formed two groups 
representing a tosic group and a non-toxic group. 

Spent Mushroom Compost 
Norfolk Soil 

30 F 
$5  1 

20 
W 

uj 
15 m 

10 
8 

5 

0 

Control 

SMC 
- 
+ 

Soil pH 
Fig. 3. Effect of spent mushroom compost on Zn adsorption by a Norfolk soil. 
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Fig. 4. Plant weight versus DTPA-extractable soil Zn for two soils. (Shuman and Li. 1997) 
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A BACKYARD, FORCED AERATION, DIGESTER C 0 W ” G  !“M 
CONSISTlNG OF The C- . u r d T h e C w n p o s t S e  

INTRODUCIION 

This paperis written in the style I use in my weekly Daily Tmcs 00- monthly Sarior LNing Newspapcn 
cohmm, and in the onginal litaatute I fumishecl to ova 250 people who have taken my class m backyard digester 
c m p s l k g .  An are titied: ”IF YOU CAN COOK? YOU CAN COMPOSI’!” I have found 1 am &aching and writmg 
mostiy for non-tshmd “senior citia”’ who have the mc-on and, more qmtant, the time to attend classes, 
andalso the time to compost- 

DEFINITION 

DiseJtacoW0-g * is simply composmg by insuring that a constant supply of- moist air penelrate tfte 
compost mass at 4 times to p r o d  a supply of oxygen to aerobic (e oxygen to live) soil mi-. 
Thesemicroorgarusns, “ly bacteria, have simple r q r i ” ~ N  h m  deadand dried out p h t s  and 
shnrbs, NITROGEN from !?e& gncn plant m a b A ,  WAZR &om the same fresh green plant matad, and 
OXYGEN from the f d  amtion ofthe mas-@ satis& their voracious appetites. A propafy Opaating digcsta 
camposter has a envi“ent similar to a ‘Joe’s Diner” m the Thirties--it’s wam~, muggy and the ceiling fans are 
“m8- 

BACKGROUND 

When I left our house in MeIyvilleon a March Sat~~daym 1W5to attend my first anposting clars which WBS 
sponsarrd by KEEP B L O W  BEAUlFUL, Sue Dawsok--Maneger, my 82 year old motha hed the Iast wad, 
which was: “Compostmg smells!”. %vmg home from the class with my head sphing with bushels and cabon- 
“ g e n  ratios, I decided the first pn0rity would bc to chinate Mom’s odor obpAion to having a amposbr 
outside the latchen door. Thus was eventuany bom The cc“& * and later 77m - c m  

ProfessOnany, I am a ntlrod M e d u n i d  & Environmental Engmeer and Troubmter .  My definition of coned 
troubleshmbng IS: keep your eyes and ears opeq mouth shut, and take copious n o t e s 4  you know what is 
going olt---so the actual probkm may be identified and solved. T ~ I S  appmach led me to 77)e C“. 

Iflfaationpromotestht growth of aerobic b a c ~ o w  could I begin caqxmn& without any Odor, u!ing 
materiaL around the house? F3ehre 1 axived hame I decided that my fnst effort would use: (1) a worn out 32 galkm 
plastic garbage canthatwasgomg t o ~ ~ & o w n  out; (2) m aq” vibrator air pump and a 5” diameter air stone 
(available because of my hobby of raismg Tropcal fish); and a perfhated Pipa pan-to both protect the air stone 
and to distnbute the air over the bottom of the garbage can I began loadmg and operatmg fhe Compos?& in 
June of 1995 usmg standard compostmg pile lore by layering dead wood, fresh green plants, spnnkbng g a r b  soil 
over the plants, and watering to almost satmation durmg the iayamg. 

-- 
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Typical, Average Composting Cycle for Ihe ComposU& 

CONSTRUCTING Tiu CompodA 

Ray& amdclwhal-kss sarbage can or purchase a new one. SOaL the 5" diameter airstone in a bowl of water 
a n d b c g m u M " h r  

1. DriEL a %" diameter hole in the side ofthe can 1" above tfte bottom of the can. 
2. Dill a 'A" diameter hole though the cents of the lid (to let out the carbon dioxide). 
3. Feed the %" airtubmg through the hole in the side and p d  most ofit up to the top on the inside ofthe can. 
4. Connect the airstone to the tubmg and then puRmg on the tubmg outside the can, lower the air stone to the 

center of the boaom of the can. 
5. cormtcttheairprrmptotheajrstone. 
6. Dropin thepaforated~panups i&downThcpanmaybesupportedby~  * in the bottom of the 

can or place thee 1'A"piaxs ofwoodm block into the can. You do not want the pan resting on top ofthe air 

You arc now ready to load Tiu Compost&- but see drawins on Pape S for crrmtfolu and derutk. 
Stae,le"g airhw onlytothe centcrofthe can above the airstonc. 

7. 

LOADING The Compos&& 

-. Blend equal amounts of s m d  pieces (1 W )  of dead wood (carban) and !kc& plants (nitrogen) m a whteIbarrow, 
similar to the way you would toss a salad. The soil clinsmg to the plant roots wiJl introduce enough 
provided you do not shake it off when pullmg the plants. It will r e q h  three 5-galbm pails of each to fill The 
C o m p d A .  Place the lid on the can and phq m the air pump. Once a day, begmrrms the 2nd day, poke into the 
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mass througfi the hole m the lid, to the bottom of the can with a %" diameba h b o o  stake to insure the air 
penetrates up through themass. 

This same %" diameter bamboo stake, when left shckmginto themass through the hole in the lid, also saves as a 
"manual" thermometer. Ref- to the AVERAGE CYCLE CHART ABOVE, ifthe shake Ms oooi to the touch 
the soil "mpkm m the COmpoBtmass are d e r  m the range of wauning up (l), or reedy for hamst (3, and if 
it is warm (hot) they are activdy fading (2). Since that is all you r d y  care about then thae is actuaRy no real 
reason to mvest 15 to 20 d o h  in a compost thennometer! 

The 4th 02 5th day you win hdtw the mass has pukd m y  bxl tht side ofthe can, and droppcdhalfway 
down the c3n. Thebgmboo !hkeWillfeel oooftothe tou4llmlingthe tclsrpashpe has droppedkcL down to the 

digeskdjpenplants. nlc finshgreenplantJ have beoomevay~minaalrichhslmus (sma none oftbe wata bas 
900 range (3). What you now have is about 16 gallons of Soppins wet mass conbhhg uneaten ded wood and 

escaped firam thtmass),ha~~estedby drymg and Thr Corrrportrcreur. 

DISCUSSION OF Ilu Compoderem 

Most current screenhgmethods are completely Mcrousbecause oneis eithausing a box hung on chains (How 
do you empty the box without becommg a clmopractor 's customCn) or domg the "Chubby Checker Twist" with a 
hand held box (supportmg the we@ ofthe box andmated with your back). The drawing for Ilu CumpusScreen 
on page 6 is self-explanatmy, however (1) Fiatten one end of each poss (2) Tiiten cable tics with pliers. 

OPERATION OF me CumpusScreen 

ln the "LOADING Z%e Compos&&" parapph I stated you had soalang wet mated. On a sunny day the 
material (all 100 plus pounds) is emptied from 2 7 ~  Compos&& onto the center of a section of 4 mil plastic, 10 feet 
on-a&, wluch is then dragged over alongside Tiu ComposfSereul, and the "I is raked out to dry. 

PLAN VlEW of The Compostscreen in Use 

10 foot on-a-side 4 
nil plastrc compost 
drying out sheet 

~ ~~ 

The Compos~creaq set 
up alongside with a 9 fod 
on-a-side piece of 4 mil 
ptasbc fastened to its 
crossarms with jumbo 
clothespins. It acts as a 
compost catcher. 

I I 

The support structure for the screenmg box may be tempody set up mthm five mutes  anywhere on your 
The user 1s never supporbng the waght of the box ather wMe s c r e w  or dumpmg the screened-out 

deadwood onto the adjacent plasm sheet. In rhe plan VEW above you just w o n  the box between the vert~cal 
poles and "dump" to the left, at no tune supporhng any w@t. W e  me CompusfA4 WrIl cycle m approximately 

. five days It does not make sense to go through the drymg out and me- process unless there are more plants to 
load for compostmg 
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DISCUSSION OF TffE VIBRATOR ALR PUMP- AIR QUANTITY TESTING 

Eghty-five pacent of the vibrator air pumps man- for tbc aquarium hobby arc madc by one 
manufkcturcr and dishbuted unda various trade names. They use 8 "small*, "medh" and occasionally a Yarpe" 
dtaphragm. ?hey arc not rated m cubic mches per "e, but in the numk of air stones they win support in 
di&xentsiZeaquarilrms.Veryunsciut~c! W ~ o v e r 2 O y e a r s m t h e b o b b y I f o ~ ~ t f i e ~ 1 a n d P a r n  
Plex five inch diameter air stone combination gave me the most "bang for the buck" withrespcct to the amount of air 
mtroduced into an aquainn. Since this was combination availabk at home it is what I tried using m Tiu 

campostmmbyevaponrhve * cooling, sending the soil back into dormancy. 'Ihe challenga 1 
~ ~ a i r p ~ ~ ~ ~ p r o v i d t d t h e ~ ~ ~ f l ~ t f K o u g h t h e P a m p l a x A s D - L f o r t f r j s a p p I i c a t i a n .  

ADVANTAGES OF ?%e CompostA4 

C O n Q O d ~ .  Larga capmty piston and vaylarge ciqhagm air pumps only nchrced the tanpaabae of ?he 

1. 

2. 

3. 

4. 
5. 
6. 

1. 

Smceitis the West device available to the home composterit also has the b e s t  capacrty by vohune 
to process hshlivegardenplantmatenaL Myt"s 72 year oktmothcr apaates two ofthem all 
summer long to proce~s her garden and kitchen waste &om a muchlarger garden thanmine. 
Smce Tire Compod& is a closed system and not subject to the drying e&Ct of winds M the over 
watering of min, the soil microorganks eating at their "Joe's Diner" camplet& &est all of the green 
plant matenal. You arc not dqgmg for ^black gold" just at the center of the pdc, as is the case m most 
CQmpoStQs. 
Absolutely nothmg produces humus richer m minerals since there is no leachate bemg wasted to the 
ground as is tbe case with a standard compost d e .  
No turnmg over of the mated is r q d  
The w e t  ofmaterial is manageable for senior citiz.cns because it is nevcrli&d 
Low c o s t 4  can be built m half an hour by anyone for about $30.00. Nothmg else on the market 
comes even close. 
If you load on a Saturday you can, ifit doesn't min the next Friday and sahaday, spread to dry on 
Fnday and then screen out the humus wxth Z h  Compos2 Smeen and reload on Saturday @rovidmg 
you have flesh plant matenal to load). 

DISADVANTAGES OF me CompostA.A. 

1. Because of its short cycle it Qes not reduce the volume of the carban materials. I m currently "g 
an expenmat that does reduce that volume. I actuaRy do not want to, since my property does not 
produce enough dead wood m the tint place. I lLsuauy must supplanart using- barkmini-nuggets. 
Even if blended in w ~ t h  the dead wood, grass chppmgs stiIl bave a tcndency to mat together, shutting 
off the air flow.. 
It will not short cycle leaves, even when shredded, although as noted m (1) above I am possibly gethng 
there. 

2. 

3. 

SUMMATION 

Over 100 of The CompustAA systems are m use m the K n o d e ,  TN Metro afea Try it! You'll lilre it! 
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Outline Drawing for The CompostAir - 
DRILL 3Bw DIAM€IER 
HOLE Q CENTER OF LID 

I 1 
# 32 GALLON 

# WITHOUT WHEELS. 
I 

I 

I 

I 

GARBAGE CAN- 

I 

15?? DIAMETER 
PERFORATED PIZZA 
PAN,, INSTALLED 
UPSIDE DOWN 

HOLE 1" FROM THE 

CHALLENGER 1 

PENN PLAX ASDL- 5" 
AIR PUMP 

DIAM€ER AIR STONE 1 I I 

6 FEET OF SILICONE 
AIR TUBING 

MATERIAL SOURCES-The aquarium items are available from THE MAIL ORDER 
PET SHOP @ 1-800-366-7387 as: 

1. PENN PLAX ASD-L - 5" DIAMETER AIR STONE - ITEM A2818 
2. 6 FEET OF SILICONE AIR TUBING - ITEM A5945 
3. CHALLENGER 1 AIR PUMP - ITEM A0360 
4. EXTRA DIAPHRAGM FOR CHALLENGER 1 - ITEM A0387 

5. THE 19A" DIAMETER PERFORATED PIUA PAN -AT YOUR LOCAL 
DtSSCOUNT STORE. 

NOTES 

1. No substWons permitted on aquarium items. Your local store may offer an "it's just 

2. Normal aquarium air tubing will bend and crimp. 
3. My item number is correct on Item 4 above-their catalog has an error. 
_ _  4. CAUTION-Unplug the air pump at its wall outlet before working on The 

Compsfl4r. THE AIR PUMP IS NOT U.L. LISTED FOR OUTDOOR USE. 
5. The vibrator diaphragm on the Challenger 1 air pump will eventually wear out. I 

recommend ordering a spare. 

the same" item. It's most often not! 

.._ 

t 
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4 pieces of W long W" 
thinwall conduit- 
fasten to posts 8 each 
other with cable ties 0 
30 above the ground 

I Compost Screening Support F r a m d i d c  Vmw I 

4% thinwall 

loqphammer the 
+ b d b m e n d w &  

drivsVintothe 
ground, spaced in a 
2W square 

conduit p a k ,  40. 

with 1 x 6 Is, fasten 
w/3-WiU drywall 
s c ~ .  Predrill holes. 

stapled to inside 
sidesofbox@its 
bottom, folding 
excess inside. 

I I 

If you have 
allergies or 
suffer from 
asthma it is 
sensible to 
cover your 
mouth and 
nose with at 
least a paper 
air filter 
while you are' 
screening 
compost. 

I Screening Box-Top View I \ 
I 

5 R long-%" thin 
wall m d u i t 4 s t e n  
tobattomofbox w/3 

Screening BoxCide 

_- 

7 ITEM 
10 foot lengths of ?& diam-r thinwall conduit 
24" pieces of 1" x 6" lumber (1" x 8" would be even better) 

bag of 100-  8" nylon cable ties 
36" square piece of 114" hardware cloth-staple inside of the box @ bottom, 

QTV 
4 
4 
24 1?4" drywallscrews 
1 
1 

Outline Drawing of The Compostscreen 
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EFFECTS OF STOCKING DENSITY AND FEEDING RATE 
ON VERMICOMPOSTINC OF BIOSOLIDS 

Ndegwa, P.M' 

K.C. Dad 
SA-'* 

'University of Georgia. Athens, GA 
*Author to whomallc- shldbeaddressed 

Absbuct: The double-pronged problem of quantity, and disposal of nuste meams jkom a myriad of industries, is 
becoming increasingly acute, the world over. The use of earthworms as a wte treatment technique for such wastes is 
gaining popularity. This method is commonly known as wrmicomposting. Compared to conventional microbial 
composting, vennicomposting produces a product that is more or less homogenous, with desirable aesthetics, with 
reduced levels of contaminants and tends to hold more nutrients over a longer period. without unpacting the environment. 
Ldke in other related Haste trealment techniques, certain parameters need & be established for the design of emient and 
economical vennicomposting systems. Specifcaliy. the focus of this study nus to inwstigate and establish an optimal 
sawking dcnsity and an optimal feeding rate for tiu vermicoqmsting ofbwmlidr. with paper mulch provided as bedding. 
A stocking dcnsity of 1.60 kg-nvnnsld (1 lb-wnnrl3 fe) and a feeding rate of 125 Rg-feedJkg-nvrmiday resulfed in 
the highest bioconversion of the subsfrat) into earthnorm bwmass while the best wnnisomposr nus obtained at the same 
stocking density and a feeding rate of 0.75 kg-feedslkg-wrmJaby. 

INTRODUCTION 

Also. as opposedtoaaditionalmiaobialwasat m-vumicompostmg . resnltsmbioumv~ofthewaste 
streams intotwonsefulproducts: the earthwarm biomass aod ttrev- Tbcformcr product can furtfier be 
proctssed into praeins (caxthwcrm d) ar high-grade k"d ~lolpost GWips, 1988; Sabine, 1988; Fisha. 1988 
EdwardsaadNiedcrcr. 1988). The latm product (v-) is alsocmridaed an arcellent product ske it is 
~ h a s d c s i r a b l e a t s t h e t w ,  hasredpfedlevels0fcooraminantsand&ncktoboldmat~trienrsavcrakmger 
p a i o a w i t h o u t i m p a c t i n g t h e ~  

Although the viability of va"post ing  is uncantestablc only a limited amount of work has been done on the 
actual application This is especially so with respect to some aitical design criteria of vermicomposting Eicilities. The 

-studies presented herein investigated two such important parameters: the stocking density and the feeding rate. 
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EXPERIMENTAL DESIGN AND ANALYSIS 

MATERIALS AND METHODS 

' * were performed in worm-bins measuring 056 m X 0 3 8  m X 0.25 m (Length* Breadth* Depth). 
This p m z O . 2 1  m2 ofexpased top surface. Known weigius ofearthwams (Eisenia foetida). commonly known as red 
wiggie€swereinwduced into each dthe respective similar wam-bins, topmvide the desired stocking densities. To effect 
the four desired stocking densities meptioned above. earthworms live-bianass loading were 0.17 kg 0.26 kg, 0.34 kg, and 
0.42 kg, respectively. Thee replicates for each of the fom stocking dmsities were made. Each of the three replicates for 
every stocking de.nsity, were in turn, respectively, fed at 0.75.1.0 and 125 kg-feeddkg-wdday. 

Mially, all  the systems waefed far two weeks and fixic-m a weeldybasis until the seventh 
w& During the h t  two w#kS. feeds Cansisted of4 parts biosolids to 3 parts paper mu id^, bydry weig&t. The paper 
xxxulchwasusedtoprovidea bedding for the earthwoms as wellas acarbonsupplemest. Therest of the weeklyfeeds 
consisted entirrly ofbiosolids. The expuimtats were conducted in an "amwnt w h 0 S e t e " r e r a n g e d b e l w ~  
25d C. The subsaate material wen "d moist by spraying/- tfre Snrfacewifh warts every two daysusing 
a spray can. 

A t e v e r y ~ b e f d b w h g p r a " w c r e ~  "recaattntofthefeedmaterialpH. thevolatile 
solids and the ashcontmts. Theseanalyses werccarriedout immediatelyafter the samples WQe obtainedand wherenot 
possible. then the samples were refiigerated at 4 OC KI minimize "biological demmpmtion, until the analyses were 
done. 

Solids matter wen detamined as residue on drymg at 80 OC for 23 hours (APHA, 1989). Volatile solids were 
obtained by ashing the dried sample at 550 OC for 8.5 ius (APHA. 1989). Determination of pH was made 
potentiomeuically in a 1 :IO suspension of the Sample in de-ionized water. a modification of the procedure adopted from 
Ehart and Brian (1997). This sospension was placed on a "A shaker at 230 rpm for 30 minutes prior to pH 
measur- In the Ebart and Brian procedure. a 0.01 -M calcium chlaride solntim was used instead of de-ianizad water. 
Determinatims of mtriems (N and P) were made in an i n d e w  laboratory, using a Perkin-lmer total C N. S-aualper. 
Far these demmhatia~~, representative samples were dried at 80 OC far 23 haus (AF'H.4 1989) and thenground to provide 
a homogeneons sample. To obtain water extracts. 4 g of this homogemus sample was placed m 60 cm3 de-ionized water 
and the mixture placed ona "r;ll ' shaketfor30minutes. The"ewasthencentnfugedat4000rpmfarlO"ms 
and the supernatant filtered tbrougha number40 Wharman 6lterpapcr toobtain the water extracts. 

T h e e q "  were terminated at the end of rhc eighth week after which the wopms were separated from 
v e r m i c o m p t d  total biomass ofthe worms determined. Earthwarm biomassgrowh was takenas theincreasein total 
earthworm biomass collected from vermicmrposted material and the bedding. Valnes were determined as live weight after 
hand saating and removal of all extraneous material. The vexmicosnpost was analyzed for the volatile solids. ash C- 

moisture content, p K  and the rmaientr (N and P) using the methods already described. Vexmicompost in this work refers 
to a mix of the wonns castings, digested as well as undigested biosolids and paper mulch 
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RESULTS AND DISCUSSIONS 

Thcfeedstodrco"tr'paramuasW~indivictuall Y- * (Table1)andthcncambinedona 
weightedbasistoprovideasinglenpresentativefeedstodrparameter.~feedstodrhada~~N~of 
3.67%. a weighted Pumtent of 152%. a weighted pH of 7.47 and a weighted VS of 76%. Water amacts parametas 
frmtheindividaal feedSWs cn"m waealso&tMninediodividnall yand latercambinedoaa weighted basis to 
parametaize the exuiicts. Fur the water extracts, tbeNcantent was 1.03% while t b e P ~ ~ ~ e t ~ w a s O . 1 3 % .  The 
mtrient"ents  were all mdry basis. hall the worm bins, moist are was^ at 76.3fl.6-% (w.b). 

Table 1. Feedstock Components 'parameters 

Companent %N ?&P %VS pH 

Biosolids 6.02 251 70 7.38 

PaperMulch 0.07 0.01 86 7.61 

Bimlid Water Extract 1.69 021 

&per Mulch Water ExUact 0.04 0.00 

However, on the absolute scale. th diffaerrces are perhaps evenmae !mxhcL All tfie stocking densities (cxccpL 
i n t h e ~ o f e a r t h w a n n  1.~3kg-wann~hn'aud ~ . 6 0 i c g - w o a " ? ) a n d f e e d i n g l c v e I s ~ ~ i n s u b s l a n t l a l ~  

biomass. The percent growth in earthworm bmmass kreased with stocking dasitks but dropped sharply at the 2.0 kg- 
womsim2 stocking density. Dam et ai. (1997). investigated & e t  of stocking deDsity at t h e  levels: 1.1 1.1.85. ard 259 
kg-woxm&. of Eudrilus Eugeniue (African Night Crawler) on the vexmicornposting of Municipal Solid Waste (MSW). 
That smdyshoweda general increase in the earthworm biomass but the immSedeCreased With the increaSe in stocking 
density.However. since the feed rate wasalsoa variable. this mahs it diffrcnlt tocompare those stndies with thesmdies 
presented here. Dominguez and Edwards (1 997) also conducted a similar study on Eisenia undrei but on much smaller 
plastic flask digesters. and with pig manure. In their studies. the imease in earthworm biomass increased with stocking 
densii. They attributed this pbenomcnoa to earlier sexual maturityof tbe eartfrwcmnat thhighrr sra%ng densities. Su86ce 
it to saythat tbe stDddng density is an impcnantparameter in the gawthof earthwarm biomass, independent oftbe species. 

. .  

The thrte feed levels iwestigaated all seem to have resulted in a signiscanr growth in earthworm biomass. The 
mean change in earthwann biomasr imeased with increasing kdiq levels. m getmal Crable 3). These resultr suggest that 
a stoclohgdensityof1.~ kg-warnrs/" and a fteding level of 125 tims the stocking density, yields the highest earthwam 
biomass growth It is important to note that at 1 .O kg-feed/kg-wom/day. and 125 kg-feed/kg-warm/day. feedmg levels. 
a substantial amount of substrate that was stil l  intact/undigested was observed at the end of the eXperiment. 

_ _  

..- 

k 
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Table 2: Pacent Change in EarthwaamLive-weight 

EarthwolmDensity FeedLeVels (kg---Earthwd&y) 
org-wonns/m2) 

0.75 1 .o 125 
0.80 -21.18 -1924 138.47 
120  8.63 47.80.41.06 83.02.17424 
1 .60 79.12 50.4 1 109.24 
2.00 -66.80 13.86 9.04 

Table 3. Pair-wise Campansons . : Earthworm Biomass Cbange 
EarthwormDensity MeanEarthwom FeedLevel MeanEarthwm 

(kg-wor"2> - Biomass Change -worm/&y) BiOmaSSCblge 
0.80 32.68' 0.75 -0.06" 
120 
1.60 

1 .o 
1 2  

2227' 
107.75' 

Table 4. VS Reduction (Percent) 
EarthwormDensity 

(lcg-womh?) Feed Levels (kg-feeds/kg-world&y) 

0.75 1 .o 1.25 
11.33 12.18 12.12 

0.80 

1 .M 

1 1.42 14.16 12.32 
10.44 10.10 1024 

12.62 12.33.1053 11 4.12.46 
10.41 12.92.1 1.40 10.07.12.84 
10.81 9.38.10.36 12.68.13.01 

1.60 1221 
1257 
12.08 

12.68 13.32 
13.44 12.92 
13.85 13.76 

2.00 11.19 12.26 9.72 
10.50 13.04 8.46 
10.12 10.13 6.4 1 

_- 
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I 

I 

&dm3 (lK&-WaXll/daY) 
0.80 11.59' 0.75 11.30" 
1 20 
1.60 

11.38' 
12.98b 

1 -0 
1.25 

1 1.82' 
11.48' 

2.00 l o x  
& b f ~  with the sameleaer were not significantlydifkremat d.05 level 

0.75 1 .o 1.25 
6.44 6.79 5.33 

0.80 

1 20 

1.60 

2.00 

6.30 7.17 5.70 
6.40 6.75 6.56 

5.67 5.455.45 5.465.70 
5.78 6.015.11 5.72532 
5.83 5.195.38 5.365.33 

5.82 5.42 
5.75 5 -64 
6.13 5.85 

5.80 
5.63 
5.83 

6.36 6.16 6.19 
6.98 5.94 6.27 
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Table 7. Pair-wise CamparisonS: V- p H 
Earthwa!rmDensity Mean Meall 

(k8-WarmSim2) v-t FcedLevel v-t 
pH M---Wam/daY) PH 

0.80 6.W 0.75 6.1T 
1.20 
1.60 

556b 
5.7ab 

1 .o 
1.25 

6.10- 
5.82' 

Tables 8 and9 su"k tberesulls ofboth thcpercaudaneasehtotal scdids and totalbulk weight *man 
percent decrease in total solids, with respect to both the eartfnvormdcnsilies and the feeding r a t s  ranged ikun 33 to4296 
while the total bulk weight decnase ranged between 22 and 33%. OnanalyLing themans displayed inTable 9 for any 
variation (ANOVA). d y  total soiids (TS) redoctian vasied -y with earthworm density. In general thc petrent 
redncticmmTS k r e a s e d w i t h a n ~ i u a r t h w o m c k n s i t y .  Theserrsal!s are similar to thaseof stndiscandocted by 
Datar et& (1997). m vQmju)QlpostlDg - ofMrmicipalsolidwastc(Msw). Argaably,thstpercenragereducti~inboth 
then  and the bulk weight resalts in substantially lower hadling and "sportcosrs of doe resulting product tban the 
original raw subsaate. 

Table 8. TS and Total Weight Rcducticm (percent) 
EarthwarmDensityorg- . 

W c n " 2 )  FeedLevelsocg-feedsntg -warmMay) 
0.75 1 -0 125 

TS Total wt Ts Total wt Ts Total wt 
0.80 31.48 25.92 34.08 1850 35.77 22.56 

1.20 4056 22.73 32.14 18.91 39.63 25.84 
36.08 25.16 40.87 26.63 

1.60 34.72 28.37 4 1.63 36.79 40.75 29.99 

2.00 41.1 1 34.54 42.1 1 25.98 41.10 34.93 

Table 9. Pair-wise Comparisons: TS and Total Weight Reduction(Percent) 
Earthworm Density Meall% FeedLevel Meall% 

org-wOrmscmZ) RedUCtiOll (kg-feeds/Lg- Rednction 
TS Total wt Warm/daY) 1s Total wt 

0.80 33.78' 22.33' 0.75 36.97" 28.64" 
1 20 39.41'*b 23.67' 1 .o 38.06 25.83" 
1.60 39.03'.b 3 1.72' 1.25 39.47- 28.43' 
2.00 41 .44b 32.82' 

**PscPMeans with the same le- were not significantiy di&rmt at d.05 level. 

259 



Tables 10 to 13 show t h c c m  ofthennaientF; niaogenandpbosphorns in the v c " p s t  pmkct and 
wattr extracts fim the v-t as well as the respective results of statistical analyses. A statistical ANOVA 
perfarmed on the data showed t h a ~  for nitrogen. it is onlythe soluble N that did not vary signifkmly (at d . 0 5 )  with tbe 
earthwarm density. Far P. ANOVA sbowexino significantvariatianarnmgsteitha thefrrnrstccking dersities oramungst 
the three feeding levels. investigated. 

Although, the percentconcenaationofN (wirhrespecttoTS) remabed the same in the vermicmpst as in the 
feedstock the totalabsaluaaumntdecreased mparaIIel with the dearase intk?s  chtring thep~ocess. On tkotberhd,  
the CaDCentration of P imeased inthevermicampost bybetweea 14% and39%, india iq  tha4 the absolute amount of P 
did not substantially change dunng the v-ting. These results saggest that N ardnMP, was either takennp and 
held in the w o n "  tissues or volatized A look at the soluble portions of the two nutriaus indicate that, soluble N was 

from N in the v&ompost was substanrially alleviated 
reduced by 35 to 50%. WhiIe the SohblePremainedapprmimatdythe same. In thiscase, tk potential e"mt impact 

CONCLUSIONS 

For the bioconversion of biosolids into earthworm biomass. a stocking density of 1.60 kg-wormh? at a feeding 
rate of 1.25 kg-feed/kg-warm/day seems the optimal combination while for the production of v d o m p o s t  the same 
stocking density at a ked@ rate of 0.75 kg-feedlkg-wdday resulted in completely digested vermicampost Far all the 
stocking densities and feeding levels investigated in this study. substantial duction of both the TS and total bulk weights 
w e e  obtained, ranging fiom 22 to 42%. This translates into reduced hardkg and transport costs of the result@ product 

pr-t but also substaufhlly reduced the soluble portion, thus mitigating its impact on the enviro"% However. even 
after 8 we& into the process, thereduction in VS was still low (at approximately 12%). "kgthatthematerial was still 
not stable and continued treapnent was perhaps desirable. 

as opposed to the original raw subsaate. The v e r m i c w l i n g  process not anlymaintained thepercentN<OllteUtinthe 

Table 10. Total N and Total P in Vexmicompost 

org- w0m/m2) Feed Levels (Icg-feedsAcg-wdday) 
Earthworm Density 

0.75 1 .o 125  
N P N P N P 

0.80 3.99 2.13 3.84 2.16 3.44 1.99 
4.10 1.60 3.62 1.60 3.88 0.94 

1.20 3.89 1.81 3.60.3.61 1.97.1.73 3523.94 2.183.11 
3.49 2.12 356.3.11 1.95.1.80 3.64.3.83 2.07.1.98 

1.60 3.74 2.24 3.99 227 3.78 222  
4.00 2.00 3.64 1.94 3 -24 2.03 

2.00 3.72 2.1 1 3.80 2.03 3.58 2.09 
4.20 2.12 3.30 1 .a4 3.31 1.95 
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Table 11. pair-wise CamparisanS: Total N and Total P in Vermicompost (P-) 
Earthwarm MeanPacen! FeedLevel M ~ p a c c n t  

N P N P &-f=ds&- Density 
o r g - W a r " 7 )  

0.80 3.81' I .74' 0.75 3.89" 2.02' 
120 356b 1.9lr 1 -0 3.63e 1.93' 

2.00 3.65Lb 2.02' 
1.60 3.73"b 2.12Lb 1.25 3 S D  1.95' 

* b L L ~ ~  with the ~ a m e  iencr -not significantlydi&rmtat d . 0 5  ltve~ 

Table 12. Soluble Nitrogen and Phosp h a  invermicolnpost (Paenti 
EalthwormDensily 

(kg-WCnms/m2) Feed Levels (kg-feeds/kg-worm/day) 
0.75 1 .o 125 

N P N P N P 

1.80 0.72 0.13 0.51 0.17 0.55 0.14 

1.20 059 0.13 0.49 0.14 0.39 0.08 
0.40 0.17 0.60 0.15 

1 .60 0.69 0.17 0.65 0.13 0.48 0.17 

2.00 0.63 0.21 0.57 0.14 032 0.15 

. Table 13. Pair-wise Comparisans: SoIubIe N and P in Vermicompost (percent) 
EarthwmmDensity MeanPtrcuu Feedbel MeanPurent 

N P 
(kg-WarmS/m2) 0 r g - q -  

N P worm/day) 

0.80 0 9  0.15' 0.75 0.66" 0.16- 
1.20 051' 0.14' 1 .o 0.54" 0.15" 
1.60 0.61' 0.16' 1.25 0.52O 0.14' 
2.00 0.57' 0.17' 

'.bf*%eam with the same letter were not s i g " l y  different at 4 . 0 5  level. 

REFERENCES 

APHA, AWWA. WPCF, "Standard Methods fat tbe Examination of Water and Wastewater". 1989.17th Ed. Washingtan. 
DC: Amer. Public Health Assoc. 

-- Dam, M. T., M. N. Rao, and S. Reddy. Vkompostang-A Techologcal Option For Solid Waste Management Joumal 
Of Solid Waste T e ~ h ~ ~ l ~ g ~ a n d  Management. Vol. 24(2):89-93. 

26 1 



Domingnez, J and C. A E d d .  1997. Effects 0fStacking Rate andMoistmeGmte.Uonthe GrowthandMatn"of 
Eiseniu andrei (Oligochaeta) in Pig Ma". Soil BioL B i "  VoL 29(3/4):743-746. 

Edwards, C. A 1988. Brealcdown of Animal. Vegetable and hdnskhl Organic Wastes by Earthw-. Earthwarms in 
wasteandin- SPB Acadcmu: . Publishing, P. 0. Box 97747.2509 GC 
The&- ThNetherlands. pp21-31. 

Edwards. C. A. and A. Niedner. 1988. The Producth and processing of Earbmns hein Earthwams in Waste and 
hlEwiranmcntSPBAcadunu: ' Publishing, P. 0. BOX 97747.2509 GC The Hagae, The N~thnlimds. ~~169-180. 

Exhart, E. andK Burian 1997. Evaluating Quality andsuppnssivenss d Ansuiau Biowaste Cmqxms Campost Sciarce 
& U e t i m  VO~. 5(3):15-24. 

Fisher, C. 1988. The Nntritid Value of Earthworm meal For Poultry. Earthworms m Waste and in Environment SPB 
Academic Publishrng, P. 0. Box 97747,2509 GC The Hagnc The Nethalands. pp181-192. 
Har4 P., W. A. Hayes, J. C. Frankland and J. E. Satchell. 1988. The Vermicomposting of Cow Slurry. Pedobiologia 
3 11199-209. 

Harris, G. D.. W. L Plat& and B. C. Price. 1990. Vemkoqmting in a Rural Community. 
BioCycle 1990:48-5 1. 

Ugsdae G. 1994. Worldwide Regress in Vermicomposting. BioCyAe. 35(10):6365. 

Phillips,V.R 1988. EP;neerincrProblemsmAnimalWastebyEarhworms. EarthwamsinWasteandinEnvirc"t 
Managemet& SPB Academic Publishing. P. 0. Box 97747,2509 GC The Eiague, The Netlaerlands. pplll-118. 

Sabine, I. R 1988. Earthworms as animal feed Earthwoms in Waste and in Environment Management. SPB Academic 
Publishing, P. 0. Box 97747,2509 GC The Hague, The Netherlands. pp181-192. 

Raymond, C. L. J. H. Martin Jr, and E. E Neuhause. 1988. Stdbilizatim of Liquid Municipal Sludge Using Earthworms. 
Earthworms in Waste and in Management SPB Academic Pnbhsbmg, P. 0. Box 97747,2509 GC The Hague, 
The Netherlands. pp95-110. 

262 



INDEX OF CONTRIBUTING AUTHORS 

I 

M. Pare 
138. Provence 
Ville Ile-Perrot 
P. Quebec, Canada J7V 8S4 

H.H . Bryan 
IFAS, Tropical R&E Center 
University of Florida 
18905 SW 280 St., 
Homestead FL 3303 1 
305-246-6340 

D.A. Schellinger 
c/o G.A. Breitenbeck, Professor 
Agronomy department 
Louisiana State University 
104, M.Sturgis Hall 
Baton Rouge, LA 70803-21 10 
504-388- 1362 

H.L. Brodie 
Water and Waste Systems 
4701 Cliff City Rd., 
Chestertown. MD 21620 
4 10-778-7676 

R.S. Porter 
Southeastern Technology Center 
501. Greene St.. Suite 400 
Augusta GA 30901 
706-722-3490 

G.D. Garrett 
G.N. Richardson and Associates, Inc., 
425. K. Boylan Ave.. 
Raleigh NC 27603 
919-828-0577 

M.C. Smith 
Dept. of Biological and Agric. Engr. 
University of Georgia 
Athens GA 30602-4435 
706-542-8856 

_- 

R. Alexander. Pnncipal 
R. Alexander Associates 
107, McCloud C o w  
Cary, NC 275 1 1 
919-388-0030 

D. Lewis 
City Manager, City of Douglas 
PO Box 470 
Douglas GA 31534 
912-389-340 1 

R. Foote 
Hall county resource recovery 
PO Drawer 1435 
Gainesville GA 30503 
770-535-8284 

S.A. Thompson 
Dept. of Biological and Agric. Engr. 
University of Georgia 
Athens GA 30602-4435 
706-542-0873 

R.L. McGuchn 
Dept. of Biological and Agric. Engr. 
University of Georgia 
Athens GA 30602435 
706-542-083 1 

K.C. Das 
Dept. of Biological and Agric. Engr. 
University of Georgia 
Athens GA 30602-1.135 
706-542-8842 

M. Hudgins 
American Technologies, Inc., 
1359. Silver Bluff Rd., Suite F-10 
Aiken SC 29803-5879 
803-643-8802 

R.M. Heaton 
Town of Beech Mountain 
403. Beech Mm. Parkway 
Beech Mountain. NC 28604 
704-387-4724 

A. Shiralipour 
Center for Biomass Programs 
University of Florida 
PO Box 110415 
Gainesville FL 3261 1-0415 
352-392-1511 

J.E. Shelton 
Mountain Hon. and Crop Resch. Ctr., 
NC State University 
2016, Fanning Bridge Rd., 
Fletcher NC 28732-9216 
704-684-3562 

J.S. Annan 
AWARE Environmental Constants 
704845- 1697 

M.Y. Minkara 
c/o G.A. Breitenbeck, Professor 
Agronomy department 
Louisiana State University 
104, M.Sturgis Hall 
Baton Rouge, LA 70803-21 10 
504-388- 1362 

G. Breeden 
c/o Mitch Kessler 
TIA Solid waste mgmt. consult. Inc. 
10012, N.Dale Mabry Hwy., Ste 223 
Tampa, FL 33618 
8 13-264-7240 

R.A. Boyette 
E&A Environmental Consultants 
1130 Kildaire Farm Rd., Suite 200 
Cary NC 275 1 1 
9 19-460-6266 

263 



1 

- .- 

M.L. Cabrera 
Crop and Soil Science, Univ.of Georgia 
31 11 Miller Plant Sc. Bldg.. 
Athens GA 30602-7272 
706-542- 1242 

D.H. Boekelheide 
71 17, Leaves Ln.. 
Charloae NC 28213 
704-599-9435 

S. Dudka 
Crop and Soil Science 
University of Georgia 
31 11 Miller Plant Sc. Bldg., 
Athens GA 30602-7272 
706-542-295 3 

J.C. Bouwkamp 
Dept. of Natural Resources 
Rodm 2102, Plant Science Bldg., 
College Park MD 20742-4452 
301-405-4334 

P.M. Ndegwa 
Dept. of Biological and Agric. En@. 
University of Georgia 
Athens GA 306024435 
706-547-0887 

M. Papin 
Greenville county solid waste div., 
301. University Ridge. Suite 3800 
Greenville SC 29601 
864-234-5847 

J.H. Graham 
Cirtrus Research and Education Ctr., 
700, Experiment Station Rd., 
Lake Alfred. FL 33850-2299 
941-956-1151 

M.L. Stratton 
Range Cattle R&E Center 
University of Florida 
723.45th St. Ct. W 
Palmetto FL 3422 1 
941-722-3591 

L.M. Shuman 
Crop and Soil Science Dept., 
University of Georgia 
Georgia Experiment Station 
Griffin GA 30321- 1797 

,770-228-7276 

W. McLaurin 
University of Georgia, CES 
Hoke Smith Building 
Athens GA 30602 
706-542-2340 

A. Khalilian 
Edisto R&E Center 
PO Box 247 
Bladville SC 29817 
803-484-3343 

E.W. Tollner 
Dept. of Biological and Agric. Engr. 
University of Georgia 
Athens GA 30602-4435 
706-542-3047 

F.T. Smith 
1832, Lively Rd. 
Maryville TN 37801 
423-977-7742 

264 


	Composting in the Southeast - Proceedings of the 1998 Conference
	Title Page
	Planning Committee
	Preface
	Disclaimer
	Table of Contents
	Planning and Operating Composting Programs
	Covering Composting Windrows: Effects on the Process and the Compost
	Composting Through Consortiums

	Local Government Composting
	Operational Challenges Associated with a Composting Facility at the Highest Elevation in the East
	Clean Organic Waste Compost Production and Evaluation in South Florida
	A Preliminary Report on a Georgia City's Innovative Composting Project Cooperation Between the City of Douglas and the Univer

	Optimizing Compost Processing
	Strategy for Compost Market Development in Florida
	Quantifying Losses of Plant Nutrients and Elements During Windrow Composting of Various Feedstocks

	Animal Waste Composting
	Hall County Waxed Corrugated Cardboard Composting Pilot Project
	Development of Swine Wastewater Dewatering/Composting Facility and End Product Use
	Poultry Litter Compost Production, A Means of Distributing Excess Nutrients
	Testing of an In-House Layer Manure Composting System Under Field Conditions

	Research and Development
	Evaluation of Techniques for Measuring Air Filled Porosity in Composts of Municipal Biosolids and Wood Chips
	Biofilter Testing Using Composting for Styrene and Methyl Ethyl Ketone Emissions
	The Effect of Synthetic Bulking Agents on Pressure Drop Through Food Waste Compost
	Biodegradability and Nutrient Analysis During Crawfish Processing By-Products and Rice Hull Composting

	Paper Mill Sludge and MSW Composting
	The Beneficial Use of Composted Paper Mill Sludge and Animal Waste for an Industrial Landfill Closure
	Composting Pulp and Paper Industry Solid Wastes: Process Design and Product Evaluation
	Sumter County Solutions: Innovative, Integrated MSW Composting and Recycling

	Composting Technologies
	Characterization of Landfilled Municipal Solid Waste Following In-Situ Aerobic Bioreduction
	In-Situ Municipal Solid Waste Composting Using an Aerobic Landfill System
	Compost Facility Odor Control Using Biofiltration: Comparison of Approach and Performance at an Open Facility and a Totally E
	Monitoring Water Quality at a Food Waste Composting Site

	Yard Waste Composting
	A Case Study of the Greenville County Mulching Program
	Georgia State-Wide Home Composting Project
	Encouraging Home Composting the Hands-On Way: Lessons from Charlotte-Mecklenburg
	Charlotte-Mecklenburg's Hands-On Composting Workshops and Home Composting Method: A Technical Description

	Compost Utilization
	Composted Municipal Wastes Increase Growth, Yield and Disease Tolerance of Citrus
	Composted Municipal Solid Waste Application Impacts on Cotton Yield and Soil Properties
	Blends of Composted Biosolids and Bottom Ash as Potting Media to Grown Ornamentals
	Compost Application to Ryegrass

	Technical Poster Sessions
	Development and Preliminary Validation of a Compost Process Simulation Model
	Utilization of Composts as Bedding Plant Growth Substrates
	Mushroom Compost Remediates Zinc Toxicity in Cotton
	A Backyard, Forced Aeration, Digester Composting System Consisting of the CompostAir and the CompostScreen
	Effects of Stocking Density and Feeding Rate on Vermicomposting of Biosolids

	Index of Contributing Authors

