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ABSTRACT

Few successful composting facilities exist in Ghaaad there is limited
information and experience in composting abattoaste and river reed. These
wastes are deemed to be potentially suitable forpasting but not much has been
reported on the composting dynamics when they araposted with different
amendment materials and aeration mechani§imstefore, this research sought to
investigate opportunities that exist for compostimgshana based on experiences
of currently and previously operational composfiaglities in Ghana and evaluate
the effect of feedstock formulation, turning freqag, and aeration mechanisms on
process efficiency and nutrient quality during wimat composting of abattoir
waste and river reed. The state of composting ifiesilin Ghana was assessed
through questionnaires and interviews with manag#rsuch facilities. Two
composting experiments were undertaken. The fingt was conducted utilizing
abattoir waste as the common substrate with saagparated market/commercial
waste, cocoa pod husk, corn cob and straw, yandrtmg and sawmill wood
shavings waste as other feedstock materials in fehmulation of different
composting piles. The second experiment was cordutt assess the effect of
four aeration mechanisms on the composting prooeser an already existing
formulated feedstock compositions using river réedmain substrate), cocoa seed
husk, poultry manure, clay soil, cow dung and banaaste. Parameters monitored
in the piles include: Temperature, Moisture Cont@rganic Matter, pH, Electrical
Conductivity, Total Carbon and Total Nitrogen, Maewtrients (N, P, K, Mg and
Ca) and heavy metals (Pb, Cd, Cu, Zn, Ni, and I€was found that private agro-
based facilities were the only operational compastacilities at the time of the

study. Opportunities exist for investigating passaeration mechanisms in some of



these facilities to reduce the cost mainly duehe tise of mechanical turning
equipment. Analyses of physicochemical parametessfiren that feedstock
composition or turning frequency had significanfeef on physicochemical
parameters studied. Final C/N ratio of the abatieaiste compost ranged from
17.03 - 20.09, with no significant difference beéwmethe treatments and the
interaction of feedstock and turning frequency. d&g matter degradation was
influenced by both feedstock composition and tugnfrequency; difference in
degradation data was also observed when fitted ficstaor zero order kinetics,
with co-efficient of correlation (r) > 0.918. Analg on composting of river reed,
however, revealed that the kinetics of degradatiomd be represented by a first
order rate equation. Also, findings from the stsdggest that compost maturity
should be assessed by measuring two or more congasaineters, and that
parameters of compost maturity need to satisfyfdtlewing threshold values:
NH;/NOs ratio < 3.5, C/N ratio < 15; stable OM Loss, Tengtere < 560).
Passive composting showed comparable charactsrisith mechanically aerated
systems from this study. Multi-regression equatiovese produced to predict
nutrient (T, P, K) levels during composting usingysicochemical parameters that

are easy to measure.
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CHAPTER 1 : INTRODUCTION

1.1 Background and Conceptual framework
Biodegradable or organic wastes are mostly by-ptsdwf human, animal,
agricultural and industrial establishments and rtressociated activities. Waste
generated in Ghana is highly putrescent and ardlynfsem organic fractions of
Municipal Solid Waste (OFMSW) and Agro-processindustries (agro-waste such
as, cocoa pod husk, palm bunch and fibre, animpbaltry manure, slaughterhouse
waste, brewing waste, etc.). Existing waste managénstrategies and the
inappropriate management of the organic componeht®SW create potential
environmental problems such as; dispersal of fodbuo, creating an awful
aesthetics, formation of breeding grounds for muesthogenic micro-organisms,
difficulties for recycling and use of vast valualded resources for their disposal.

Biodegradable materials could be converted intaialale products such as
biofertilizers, soil amendment substances and kisfuusing sound proven
technologies notably aerobic composting, anaerobdigestion and
incineration/pyrolysis. The main available disposathods that have been widely
applied are composting, landfilling and incineratic.andfill has the potential for
groundwater contamination through leaching and rélease of greenhouse gases
with potential consequence of global warming. slbften difficult to find suitable,
stable locations for landfills. Incineration camtbute to air pollution and therefore
may require expensive treatment techniques to aoetnissions.

Composting is one such technology widely used toolaeally convert
biodegradable materials into stable, useful aneéasd compost product by the
action of microorganisms. Indeed, composting iswei@ as a more flexible

technology than co-anaerobic digestion and incti@rapyrolysis in terms of size,



time frame for planning and construction, and pagkb period for investment
(Sundberg, 2005; Aye and Widjaya 2006; Dareto al, 2006). Ultimately,
composting has the potential to reduce the impast of inorganic fertilizers, which
cannot be used as the sole source of crop nussigmply because of the stress it
unleashes on the foreign exchange reserve on thendsn economy. This
experience is more pronounced in developing coulikyy Ghana, where food
production is of critical national interest andlsmiganic matter levels are general
low. Indeed, compost provides the unique solil priypeith adequate organic matter
and plant nutrient; and has the advantage of a higter and nutrient holding
capacity. Thus, compost has the capacity to redwutsgent leaching in soil and
conserving mineral fertilizer nutrients appliedatgricultural soils.

Composting of highly nitrogenous or high moistummtent materials, such as
slaughterhouse waste, biodegradable fractions akehavaste, poultry and cow
dung requires appropriate amendment with bulkingnagdor effective composting
(Lau et al, 1992; Haug, 1993; Paredes al, 1996; Parkinsoet al, 2004; Guardia
et al, 2008). This ensures a suitable Carbon-Nitrog&N) ratio, increases moisture
absorption, increases porosity and odour contraug@ 1993; Aye and Widjaya,
2006). Hence, determining the right combinatiorfesfdstock material is critical to
achieving optimal performance of an entire compagstiperation with regards to the
quality of the finished product. Thus, monitoringacges in indicative parameters
during composting can improve the process perfoomarefficiency and the
optimization of design parameters (Haug, 1993; Maamod Milke, 2005; Sundberg,
2005). The main controlling parameters to ensurprgcess efficiency are:
Feedstock nutrient balance (C/N ratio), temperatpk®¢ moisture, oxygen content

and organic matter loss.



1.2 Problem Statement

Various forms and substantial quantities of bioddgble wastes are generated in
Ghana varying from farm waste, agro-processing ayastarket waste, organic
fractions of household waste and forestry wastartefpom faecal sludge (FS)). The
guanta of these wastes have in the past attrantedest to establish composting
systems to manage them. Consequently, seleatishgl@signing an appropriate and
sustainable composting technology for Metropolitavunicipal and District
Assemblies (MMDA's), Agro-processing industries asmimmercial farms in Ghana
has become an important issue considering thedngtunt of waste stream ending
up at landfill or dumpsites from these sources.yV&w less than ten (10),
composting facilities exist in Ghana, and barelgrape to their designed capacity
(<50% of designed capacityprevious studies on composting in Ghana focused on
MSW (Drechselet al, 2004; Asomani-Boateng & Haight, 1999; Asomanaimg

& Furedy, 1996)and faecal sludge (Mensadt al, 2003). There is a need to
investigate the opportunities that exist for comipgs in Ghana based on the
experiences of identified currently operational gmeviously operational plants in
the country considering MSW, agriculture and indaktvaste.

Abattoir waste, consisting of rumen, stomach andsitmal content, poses a
disposal challenge to abattoirs in Ghana. It wéshesed from the Kumasi Abattoir
in 2006 that, more than 9 tonnes bulk solid/slwmgste was produced daily (from
rumen, stomach and intestinal content of cattlegloThis accumulates to an annual
biodegradable waste generation of more than 32@@e excluding the wastewater
after processing the livestock (Rockson & AklalR006). This organic waste
(solids) and other waste materials (hoofs, horastuls, etc) end up at the landfill

sites or are indiscriminately disposed of at thanplsite to decompose. The solid



fraction of the abattoir waste could be subjecteddmposting onsite or close by the
abattoir to reduce disposal cost. However, not muébrmation on the process
dynamics of composting of this feedstock has beponted. Leéret al. (2004) have
reported on the stability and maturity of compagticommercial slaughterhouse
waste with yard waste as bulking agent on experiaidrasis. Evaluation is needed
to assess the effect of composting of abattoir evasth locally available organic
waste in order to generate the ideal conditionstfercomposting process and the
improve quality of the final compost produced.

River reed has been a major source of trouble taffpthe livelihoods of the
communities living along rivers in Ghana. The Maubal harvesting of these weeds
is suggested as the preferred method of their aor@@omposting has been proposed
as a viable method of utilizing the harvested wehes could be beneficial to nearby
farmers (Sackey & Annang, 2009). Some organizatlikesthe Volta River Estate
Limited (VREL) are already composting these weads (Lersel and Maas, 2002;
Annang, 2008). The challenge remains on how to aedine cost of utilizing
mechanical turning equipment for aerating windroikep and how the process
dynamics affects the quality of the final produitso, there is the challenge for
rapid determination of nutrient content of comppsés to avoid huge laboratory
costs and time if quality control on-farm or mediamnge scale composting are to be
sustainable in Ghana.

Feedstock or substrates (abattoir waste and resf)rconsidered are noted as
one of the difficult material to compost or havektle literature reported on them.
Few systematic studies have been done to compareffiects of turning frequency,
aeration technology of abattoir waste and riverdrem the rate of compost

decomposition or the properties of finished compdsis research work examines



different feedstock materials formulations and aenamechanisms on temperature
and nutrient evolution; whiles seeking to reduce dependency of mechanical or

electrical energy in the operations of compostitants.

1.3 Goal and Objectives of this research

The study aims at evaluating the effect of feedsfoemulation, turning frequency,
and aeration mechanisms on process efficiency @atdecomposition, nutrient
conservation or compost quality, and sanitizingeptial) of windrow composting of
abattoir waste and river reed respectively.

1.3.1 Specific Objectives

1) To evaluate effect of feedstock composition onphecess efficiency of
windrow composting of abattoir waste.

2) To evaluate the effect of turning frequency on phecess efficiency of
windrow composting of abattoir waste.

3) To evaluate the interactive effect of feedstock position and turning
frequency on the process efficiency of windrow costmg of abattoir
waste.

4) To evaluate the effect of aeration mechanism orsipbghemical process
the process efficiency of composting of river reed.

5) To evaluate the feasibility of estimating nutriembntent during

composting using physicochemical parameters.



1.4 Research Questions

The following research questions are addressdusrstudy:

a. Does feedstock formulation significantly affect {®cess efficiency during the
windrow composting of abattoir waste?

b. Does turning frequency significantly affect the qaes efficiency during the
windrow composting of abattoir waste?

c. Does the interactive effect of feedstock formulatand turning frequency have
any significant effect on process efficiency durihg windrow composting of
abattoir waste?

d. Does the mechanism of aeration of river reed compits have any significant
effect on the process efficiency?

e. To what extent can physicochemical parameters leel o5 estimate nutrient

content of piles during composting?

1.5 Scope of Research

The research investigates effect of feedstock mexand aeration mechanisms on
composting to assess their suitability for sustaiman-farm or medium-large scale

composting practices. Hence, all experimental pstwere devised to demonstrate a
pilot scale or farm scale condition. The study doesinvestigate the dynamics of

application of compost produced to agriculturalssoi

1.6 Structure of the Thesis
This thesis is organized into five Chapters. Theceding Chapter presented the
background information to this research work; fysig the need to investigate

feedstock, turning frequency, and aeration techgylm composting under local



condition. Chapter Two presents relevant literathiet was reviewed to support the
discussion of the evolution composting parameterd aspects related to the
objectives of the study. It also defines and disesgssues on organic biodegradable
MSW recovery and composting facilities in Ghana.agtbr Three describes the
methods employed in data collection, treatmentdietl) laboratory analysis and data
management. Chapter Four presents the results iaodsdion whilst Chapter Five
presents the conclusions of the study, recommentatind suggestions for future

studies.



CHAPTER 2 : LITERATURE REVIEW

2.1 Definition of Composting

Composting is defined as an aerobic microbiologidatomposition of organic

matter, to produce a stable, sanitized product ighddeneficial to soil and plants

(Haug, 1993; Gomes and Pereira, 2008). Haug (1998}he other hand defines it
as, “the biological decomposition and stabilizatioh organic substrate, under
conditions that allow development of thermophiliemperature as a result of
biologically produced heat, to produce a final preidthat is stable, free of pathogens

and plant seeds, and can be applied to the land”.

2.1.1 The Mechanism of Composting and the Benefits ofraosting

During composting unstable organic matter and ewotrifrom organic or
biodegradable solid waste are degraded and tianstl due to the presence of
oxygen, water, nutrients, and microorganism to poeda stable organic matter and
nutrients; while releasing carbon dioxide (§,Qvater and heat into the atmosphere
(Fig. 2.1). Thus, compost is a solid mature prodestilting from composting, which
is a managed process of bio-oxidation of a solittdogeneous organic substrate
including a thermophilic phase (CCC, 2008). Theicadfural and environmental
benefits of compost usage have received a con$igerattention by several
researchers. These include disease suppressionle(Nmid Coventry, 2005;
Termorshuizeret al, 2006, Cayuelat al, 2009), adsorption and transport of heavy
metals (Kaschlet al, 2002; DeVolderet al, 2003), the potential to adsorb or
transform hazardous organic pollutants and pergiftielogical molecules (Moeller
and Reeh, 2003; Loseat al, 2004) and increasing soil water holding capacity

(EKlund, 1996; Pinamonét al,1997) have been extensively studied in literature
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Figure 2.1: Composting process schematic diagramr@m NRAES, 1992)

2.1.2 Components of the Composting Mixture

Prepared feedstock mixtures for composting woupdcslly contain the following

material groupings (Haug, 1993; Epstein, 194@son, 2007):

a. a substrate (i.e. the material to be stabilizedstimowith a high moisture
content),

b. an amendment (i.e. a partly biodegradable matasatl to adjust the nutrient,
moisture, and/or physical structure),

c. a bulking agent (i.e. typically slow biodegradalde non-biodegradable
materials are used primarily to adjust the physstalcture in order to increase
its porosity and to influence its water holdingedtal).

These materials are put together to ensure a lmdancxture with adequate moisture

and oxygen supply for microbial growth and moredbpbiodegradation process.



2.1.3 The Phases of a Composting Process

The composting process is divided into two mainusetjal phases: active and
curing. The active phase is defined as a functfaniorobiological activity, which is
measured as heat released, by oxygen uptake asrcdibxide production (Wwet
al., 2000). The primary concern in industrial compuagis the active phase, during
which decomposition of easily biodegradable sulzganoccurs (Seki, 2000;
Sundberg, 2005; Mason, 2007). In most windrow sgstevhere continuous aeration
is not pursued, a passive aeration phenomenoradgedable. The curing phase is
when compost maturity and the decomposition andbilstation of phytotoxic
organic substances produced during the active cstimgostage occur (Wet al,

2000). The curing phase, passive in nature, pradogmus (Seki, 2000).

2.1.4 Process Efficiency

A measure of composting process efficiency is uguadicated by temperature
phase characteristics and the organic matter k¥seneret al, 1993; Liaoet al,
1995; Ekinciet al, 2004; Sundberg, 2005). As explained by Sundi20§5), the
rate of organic matter turnover is a measure ofpmsnprocess efficiency. This is
evaluated as the measure of the mass loss of orgaatter or carbon dioxide
emission. The main controlled conditions to ensupeess efficiency are feedstock,
temperature, pH, moisture and aeration (Reical, 1995; Buenceet al, 2008). The
moisture and aeration conditions present operdtimmacerns in the management of
composting processes. Failure to manage theseeadntd the production of odour
and the release of unstable leachate (Epstein,; X9&hville and Trampel, 1997).
This is resolved either by the use of bulking matsr(biofilters) to adjust C/N ratio

or control aeration in the pile.
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2.2 Monitoring and Characterization of Composting Process

Although composting occurs naturally, efficient quosting requires the control of a
number of factors to avoid nuisances such as odteashates and dust (Sundberg,
2005; Bernakt al, 2009); as well as for obtaining a quality agitieral product. The
composting process is influenced by a number ofofacsuch as temperature,
Moisture Content (MC), C/N ratio, carbon dioxide atygen concentration levels,
aeration, pH value, and the physical structureneffeedstock material (Sundberg
al., 2004; Ekinciet al, 2006; Lianget al, 2006; Buencet al, 2008; Xiujinet al,

2008).

2.2.1 Temperature Characterization
The temperature of compost is an easily measumddator of biological activity
because it changes in direct response to heat giodu Temperature is considered
the most important and easiest indicator of thieieficy of the composting process
(NRAES, 1992; Imbeah, 1998, Yat al, 2008). The optimal temperature for
composting reflects a compromise between miniminuagient loss and maximizing
the inactivation of pathogens and seeds (Laetegl, 2003; Cekmecelioglet al,
2005; Zhang and He, 2006; Larney and Hao, 2007#npEeature can, thus, be used
to assess the progress of decomposition, santizati the compost pathogens and
thus the performance of a composting system (NRB&ES1992; Haug, 1993;
Mason, 2007; Yuwet al, 2008). Indeed, the temperature rise in the ca@mnpdes
indicates the rate of metabolism and the extemietfabolism by the microorganisms
(Haug, 1993; McKinney, 2004; Epstein, 1997).

Consequently, the process of composting is geecrhHlracterized into three

main phases (Fig. 2.2): (1) the mesophilic phasedérate temperature phase), with

11



a duration of a couple of days or less and typjcatlow 40 or 4%C; (2) the
thermophilic phase (high temperature phase), withatibn from some, days until
several months; and finally (3) a several-monthsling or maturation phase.
However, thermophilic temperatures are desirabteainy composting life cycle,
because they destroy pathogens, weed seeds, andrige in the composting
manure (Haug, 1993; Jenkins, 1999; Cekmecelieglki, 2005). Since temperature
is a crucial parameter in composting, becauset@rgenes the potential termination
of pathogen in compost prior to its applicatiorstdl, the evolution of this parameter
requires a critical study. In general, internadlomequirements on compost
sanitization are based on a combination of temperatime conditions that must be
guaranteed (European Commission, 2001; USEPA, 1995)

In most situations the temperature of a compospilg is managed by
aeration and moisture adjustment. Excessively héghperatures, however, could
inhibit growth of most microorganisms, thus slowidgcomposition of feedstock
(Table 2.1). When the temperature rises beyondoappately 65C to 70C, the
tendency is for spore formers (e.Bacillus andClostridium) to convert into spores
(Haug, 1993). Moreover, microbes incapable of fogrspores are strongly inhibited
or killed at those temperatures. Consequently nth&mum temperature should be
kept at about 6% (Keeneret al, 1993; Ekinciet al, 2004; Sundberg, 2005)

The temperature distribution within a compostingsmas affected by the
surrounding climatic conditions, pile dimensionsdaoy the method of aeration
(Haug, 1993; Ekincet al, 2004; Mason and Milke, 2005; Sundberg, 2005}5tatic
piles (Fig. 2.3), the highest temperatures devalbfhe centre of the mass and the
lowest temperatures occur at the edges of the Niddably, temperature gradients

promote a small degree of convection (i.e., natardlow). Pichtel (2005) related
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the degree of air movement as a function of amlmentlitions as well as porosity of
the composting mass. Thus, effective temperaturgraoin intensive degradation
systems is best solved by either periodically fugnjwith moisture adjustment) the
pile or using forced ventilation throughout the gass in active composting system
(Haug, 1993; Epstein, 1997; Richatal, 2002; Pichtel, 2005). However, caution
must be taken when turning or aerating a pile,esmalesire to increase the rate of

degradation may lead to a premature dryness ipitagNelsonet al, 2006; Szanto

et al, 2007).
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Figure 2.2: Temperature variation during compostingprocess
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Table 2.1: Temperature inactivation of pathogens irtomposting processes in

some selected countries

Country Temperature Time Mode of Reference
required Aeration
USA >55°C 15d turning Dorau, 1992;
every 3d Droffner et al., 1995
Switzerland  >55°C 21d - Cekmecelioglu et al.,
2005; Brinton, 2000
>60°C 7d -
Denmark >70°C >1h - Tonner-Klank et al.,
2007
Japan 65°C 2d In-vessel Tateda et al., 2002
EU/ >60°C 7d In-vessel Cekmecelioglu et al,
Germany 2005; Brinton (2000);
>55°C 14d Windrow (5x) -
European Commission
>65°C 7d Windrow (2x) (2001).
70
Iypical lower
60 - m disinfection limit
—~ 50 -
5’ Lower thermophilic
‘é’ 40 limit
2
<
g 30 R
5 20 L] ass ™
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Figure 2.3: Generic composting process temperatunerofile
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Mason (2007) proposed for the evaluation of r@aotowindrow pile simulation
performance, the following quantitative assessnné temperature-time profile
depicted in Fig. 2.3 and Fig. 2.4:
0] the area bounded by the temperature curve andtaglbaselines (4G
and 55C );
(i) the time for which baseline temperatures are egdialr exceeded fot
and tg); and
(i)  the times taken to reach peak temperatures. Bot 4bd 58C are
useful reference temperatures, indicating the eéxtEnthermophilic
activity, and exposure of material to recommendedinfiction

conditions, respectively.

350 16
300 + /’ \/ el »_/7\ AT 14
b - /
Y I I == T 12
2. 50 }'— / \\Y - _ //? L 10 2\. 01 A40
= 200 + N S |DASS
S 7 ol - lg = C1ASS
5 150 | \ 2 (=0
5 \G TO0 = |tss
< 100 T "'\ / 1 4 ‘
0 %-”%7: a %1' T% Al

GEN WIN WIN WIN ASP ASP ASP AEB TUN
O @ O 6 @ O 6 © O

System

Figure 2.4: Area and time parameters for full-scalecomposting systems at 15
days (Mason, 2007)
Key as in found Mason (2007): GEN — generic profl@N - windrow; ASP — aerated static
pile; AEB — aerated bin; TUN —tunnel reactor; 1 RAES(1992); 2 — Planet al (2001); 3
— Keeneret al (2001); 4 — Liacet al (1995); 5 — Sundberg and Jonsson (2003)
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Given identical raw material and operating condiio(e.g., moisture addition,
mixing), these parameters may be used, in combmatith the general shape
characteristics, to evaluate the extent to whichofdatory- and pilot-scale
temperature data provide a good simulation of dolile profiles. These cardinal
temperatures (4C and 55C), reflect the bacterial activity as (NRAES, 1992;
Sundberg, 2005; Mason, 2007; ¥ual, 2008; Yuet al, 2009):

i.  mesophilic bacteria active: from abouf@to 58C,

ii.  thermophilic bacteria: active from abouf'@xo 75C,

As described by Mason (2007), the temperature-{fi@edays) profile analyses
of composting piles enable a comparison of theesofila set-up (in classifying set-
ups as full-scale, pilot-scale or laboratory scalé)is also a measure of heat
retention, which allows the piles to undergo bigdation (self-heating) 4, or to
sanitize compost piles from pathogenssjAFor a full scale windrow composting
systems, areas bounded by the curve and°€ 4fseline (&) exceeded 624
°C.days, areas bounded by the curve and’@ baseline (&) exceeded 6C-days,
and times at 40 and %5 were >46 days and >24 days, respectively. Farefbr
aeration systems at full scale, values @f Axceeded 2220-days, values of A
exceeded Z€-days, and times at 40 and’G5were >14 days and >10 days,
respectively. Values of these four parameters &otatory-scale reactors were
typically considerably lower than for the full-seasystems, although temperature
shape characteristics were often similar to thos@ull-scale profiles. Laboratory-
scale reactor temperatures typically returned weurdt@ C within relatively short
time periods, with lower temperature—time profilegmaeters than those measured
for full-scale systems. Where temperatures retutoednder 48C within the data

period, Ay values ranged between 68 and 3C3days, Asvalues between 0 and 44
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°C.days, and times at 40 and %5 were approximately 6-16 days, and 0-7 days,
respectively.
Also, Yu et al (2008) proposed nonlinear mathematical model for

characterising the temperature time series (Equatip
T, =Ty + Ty (e—e_kM'(t_tM)) + Ty (e—e‘kT'(f‘tT)) —T, (e—e—kc'(t—tc)) 1

The first term T,” corresponds to the start and usually the end teahype, which
is the ambient temperature; the second tefg-éxp{-exp(-k-(t-tw))}'describes the
temperature increase by mesophilic microbial astivivhere, Ty” represents the

heating potential of the mesophilic stagdy™ maximum mesophilic heating
coefficient and ty” time when maximum mesophilic heating rate occting; third

term “Tr-exp{-exp(-k-(t-tr))}" describes the temperature increase by thermiophil
microbial activity, where, T1” is the heating potential of the thermophilic sag

“kt” maximum thermophilic heating coefficient and™ time when maximum
thermophilic heating rate occurs and the forth tete-exp{-exp(-k-(t-t))}”
represents the temperature decline during micralgehy, where,T¢” is the cooling
potential, ke” maximum cooling coefficient andté” time when maximum cooling
rate occurs. Tc”, also, represents the difference between the goedbmaximum
temperature and the ambient temperature, indicatilg magnitude of the
temperature drop from the time of maximum activity compost maturity.
Temperatures are in degree Celsius, time in hdurtswas worked out in days in this
study) and the coefficients without units. ¥u al (2008) indicated that the above

statistical model could not accommodate discontisudata such as those from

compost trials that involve turning and/or re-mgxin

17



2.2.2  Moisture Content (MC)

Moisture management requires a balance between ftmotions: encouraging
microbial activity and permitting adequate oxygeupgy. The optimum range
generally recommended as conducive for composgng0-65% (NRAES, 1992;
Tiquia et al, 1998; Richardet al, 2002; Ahnet al, 2008a; Ahnet al, 2008b).
However, Optimum Moisture Content for biodegradatican vary widely for
different compost mixtures and time in the compasfprocess, ranging from near
50% to over 80% on wet basis (Richadal, 2002; Ahnet al, 2008a). Indeed,
Moisture Content of the composting pile is an int@ot environmental variable as it
provides a medium for transport of dissolved natseequired for the metabolic and
physiological activities of microorganisms (McCayn and Tingley, 1998;
VanderGheynst, 2007).

Optimum MC in the composting pile increase micrbhiecess to nutrient. If
the moisture level drops below about 40 to 45 pdrcéhe nutrients would be no
longer in an aqueous medium and easily availabteg¢anicroorganisms (EPA-US,
1994). Hence, expected microbial activities de@eassd the composting process
decelerates. Liangt al (2003) reported that maximum microbial activitiesre
provided by MC in the range of 60—70%. He furthedicated that when moisture
levels fell below 50% the composting process slgweshce recommending 60%
MC as optimal moisture level for biosolids compuogti

Observations have been made that composting atrhagbture contents can
increase compaction and thus limiting oxygen diffnsnto the composting matrix
(Miller, 1993; Das and Keener, 1997). Hence, it is imperativevtodahigh moisture
content that may introduce anaerobic conditionsnfiwater logging in the pore

spaces (Tiquiat al, 1996). Nonetheless, successful composting has been eeport

18



for initial moisture levels well above the 40-65%tvibasis range (Sartef al, 1997,
Lianget al, 2003; Masoret al, 2004).

Moisture Content has a critical place in designicgmposting systems,
especially passive aerated compost piles (LynchGiretry, 1995; Syll&t al, 2006;
Ahn et al, 2008a; Yuet al, 2009). According to Ahmet al. (2008a) the optimum
moisture content of each material occurred neanéasured water holding capacity,
which ranged from near 60% to over 80% (wet badigkasakiet al (1994)
reported that composting of grass clippings witghhimoisture content (70% wet
basis) failed, because the structure collapsed andould not get through the
compost matrix; but, however, found moisture contdrb0% suitable for this type
of feedstock.

Moisture and aeration conditions present operaktioc@ncerns in the
management of composting processes. Failure to geatizese can lead to the
production of odour, and the release of unstaldeHhate (Epstein, 1997; Granville

and Trampel, 1997).

2.2.3 pH and Electrical Conductivity
Hydrogen ion (H), as pH, evolution reflects the changes in chehdiemposition of
feedstock material during composting. The genefanpmena of pH, is the
observation of an initial decrease and then adiseng composting (especially with
food waste). This may be explained as (Eklind amdhtann, 2000; Beck-Friist
al., 2003; Sundberg, 2005) follows:

(1) the initial microbial degradation leads to §wduction of intermediate

organic acids (dominantly acetic and lactic acidnhdhate) influenced by

CO; production, which cause the pH to decrease;
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(2) the active oxic (dominantly acetic and lactacid dominate)
microorganisms consumes a large quantity of oxymémlly causing
insufficient oxygen in the compost and anoxic femtagon, hence a drop
in pH;

(3) the subsequent rise of the compost pH is chbgehe decomposition of
nitrogen-containing organic matter leading to tleumulation of NH
that dissolves in moaisture to form alkaline NHWong et al, 2001;
Sanchez-Monederet al, 2001; Sundbergt al, 2004); and additionally,

(4) during the composting process, the intermediatganic acids are
decomposed biologically to form gaseous carbonideand water. The
fatty acids formed from the decomposition of fatymalso further be
decomposed into smaller molecular acids to evaporat

These above phenomena can cause the compost peréase or decrease; but it is
expected that the pH reaches a steady value nearh€.0) to warrant compost use
for crop production. The preferred range of pH.5 ® 8.0 for optimum growth of
microorganisms during composting process (Pateal, 1995; NRAES, 1994;
Sundberg, 2005; Molde=t al, 2007).

Electrical Conductivity (EC) measures the totaubtg salts in the compost;
higher EC may indicate more nutrients. However,Hgher than 4 dS/m (Lin, 2008)
will adversely influence plant growth, e.g. low genation rate, withering, etc.
Otherwise, compost with low EC can be used direetlyile compost with high EC
value must be mixed well with soil or other matksriaith low EC’s before it can be
used for growing crops (Lin, 2008). Tiquia and T&002) observed EC values of
between 2.40 and 3.97 dS/m in their forced aerataaposting of poultry manure.

Also, Zmora-Nahumat al (2007) indicated that EC values are lower (<EBmhg) in
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woody and crop residual feedstock and higher (&&/on) in animal and oil-plant or
vegetable feedstcok in most cases; but may vaty tivé country of origin. Indeed, a
high electrical conductivity level may reflect @l nutrient value in compost (Jones

et al, 2009).

2.2.4  Carbon — Nitrogen (C/N) Ratio

The C/N ratio represents one of the best indices/&éduate the maturity of compost
(Abouelwafaet al, 2008). Microbial growth utilizes approximatel$-30 units of
carbon for every unit of nitrogen, and so the ddde C/N ratio needed for effective
composting is proposed between 20 and 40, deperatinthe particular organic
substance (Golueke, 1991; Haug, 1993). The mosbritapt elements required for
microbial decomposition are carbon and nitrogerrb@a provides an energy source
and the building material representing 50% of therofial cell biomass. Nitrogen is
a critical component of the proteins, nucleic aciédszymes, and coenzymes
necessary for cell growth and function.

The ideal C/N ratio for composting is generally sidered to be around 25:1-
30:1(NRAES, 1992; Haug, 1993). To obtain this opitim ratio it is necessary to
know the C/N ratio of the organic materials thalt v used as compost (Table 2.2).
The composting of materials with low C/N ratio rikso more N losses than in high
C/N ratio wastes (Sanchez-Monedetal, 2001). High C/N ratios make the process
very slow as there is an excess of degradable ratbstor the microorganisms
(Bernal et al, 2009); however, optimum C/N ratio will enhandee tcontrol of

nitorgen losses.

21



Table 2.2: Carbon-to-Nitrogen ratio of some organianaterials

Organic Material C/N
Leaves and Yard waste 34-85
Straw 40-50
Sawdust 150-700
Paper 100-300
Vegetable and Food waste 20-35
Sewerage sludge 6-11
Organic fraction of solid municipal wastes 12-50
Manure 5-25
Riverweed 19-25

(NRAES, 1992; Haug, 1993)

2.2.5 Organic Matter (OM) Loss
The timely supply of plant nutrient is a major Itmg factor for crop growth
(Braimoh and Vlek, 2004), consequent of which, $aitility depletion is the major
biophysical cause of per capita food productiamsd_of soil organic matter (SOM)
destroys soil structure and accelerates desetidica(Braimoh and Viek, 2004).
Hence , in order to improve the food productionamdy of soils in any country,
especially in small-holder farms, there is the néedevolve soil management
systems that are not only acceptable but also dsfde (Buriet al, 2005). Such
management systems must also enhance the orgatier mantent of the soils.
Composting can contribute to the achievement sfdbal.

During composting organic matter is degraded with release of principally
CO, and HO into the atmosphere. A stable organic matterthat end of the
composting process may contain essential nutrieqgalde of improving soll
structure and fertility (potential). Mineralisatioof OM during composting,
determined by the OM loss, generally follows atfosder kinetic equation (Paredes
et al, 2000):

OML, = OMLy(1 — e~*t) 2
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where OML; indicates the mineralized OM (g kg or %, DM) at timet (days),
OMLg the maximum mineralisable potential OM (g*kor %, DM) andk the rate of
mineralization or degradation (djy Values reported by various researchers on the
rate of mineralization or degradation vary from @th®.018 day through 0.044 day

to 0.051 day (Paredet al, 2002; Benitcet al, 2009;Larneyet al, 2000) The
maximum degradation or mineralization potentialréported to be about 39.3 -
67.1% (Larneyet al, 2000; Benitoet al, 2009; Paredest al, 2002). However,
some feedstock and their treatments may conforia zero order kinetic equation
(Paredet al, 2002), where values of 0.49 dayave been reported for the slope in
degradationop cit Notably, some authors have fitted the degradatib®M or
organic carbon during composting using combinatwirthe first order or zero order

kinetics (Bernakt al, 1998).

2.2.6  Other Indicators and Nutrients

The control of Ammonium (Ni) and Nitrate (N@) ion concentration during
composting has been used by various authors asaiods of compost maturity over
the processing time (Huareg al, 2004; Cegarr&at al, 2006). During composting,
NH4" content in feedstock pile is either fixed in trfmmsied lignocellulosic
molecules as organic Nitrogen N (Thorn and Mikit®92) or oxidized to N©
through nitrification (Paredest al, 1996; Paredest al, 2002; Lépezt al, 2010).
Nitrification in a mature compost sample is meaduss NH'/ NOs™ ratio, with a
general value reported as <1.00 (Gastial, 1992; Paredest al, 1996; Bernakt
al., 1998; Koet al, 2008). However, the US Composting Council arel thited

States Department of Agriculture (2001) proposddesbetween 0.5 and 3.0.
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During composting gases such £@QH,, NHs, or NO may evolve (Szanto,
et al, 2007; Lin, 2008). Aerobic decomposition from wvelanaged composting
results in the emission of G@nd HO. However, emission of CHnay emerge in
well managed or aerated piles (Szagital, 2007; Amlingeret al, 2008; Lin, 2008);
and are oxidized eventually in the pile. Lopez-Raatl Baptista (1996) report a
higher significant decrease in MHmissions in passively aerated static piles
compared to a turned and forced aerated systentheforore, Pelet al (1997)
showed that methanotrophs are capableNéf; oxidation under thermophilic
conditions, where CHis present at the Limited interfaces in the manure—straw
aggregates. Non-autotrophic nitrification by metitapphs has also been observed
by others (Roy and Knowles, 19%®zantoget al, 2007).

High levels of heavy metals (e.g., Cd, Cr, Cu, Rband Zn) in composts
represent an obvious concern if they are to belegppd food crops (Déportext al,
1995; Papadimitroet al, 2008), and applying compost within regulateditsms
critical to sustain the integrity of the soil or teaecological system. Heavy metals
do not degrade throughout the composting proce&s) & specialized separation
systems (Richard and Woodbury, 1992). These becoane frequently concentrated
due to the microbial degradation and loss of caraod water from the compost
(Richard, 1992). Substrates contributing the mos$teavy metal concentration could
be said to have high ash, fine particle size or trewe undergone multiple handling
process prior to their application for compostimdiich may cause some level of
contamination in the final compost (Zhang et aD&0 Hence, a production of clean
compost commences from the feedstock raw matesied (Richard and Woodbury,

1992; Haug, 1993, Veenken and Hameler, 2002).
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Table 2.3: Heavy metal limits in EU and British conpost regulations, mgkg“dm

Heavy Regulation MSW Source Separation Biological BSI (2005)

Metals Values Compost MSW Compost Waste limit
Compost
Cd 1.2-4.0 4.4 1.22 0.84 1.5
Cr 50-750 90.8 34.9 35.8 100
Cu 60-1200 298.1 72.4 46.8 200
Pb 120-1200 455.0 147.4 83.1 200
Hg 0.3-25 — — 0.38 1.0
Ni 20-400 76.3 17.5 20.5 50
Zn 200-4000 919.8 326.6 249.6 400

Sources: Day and Shaw (2001); BSI (2005)

EU limits for heavy metal in compost product haeem summarized by Day
and Shaw (2001) in Table 2.3. Apart from these haaetals being present in the
compost, the availability of macronutrients suchphssphorus (P), Potassium (K),
Magnesium (Mg), and Calcium (Ca) is also very intgor to justify the final

compost quality or grade.

2.2.7 Prediction of Nutrient Content of Compost Piles ngi Regression Models

Analyses of chemical parameters during compostismgu standard laboratory
methods although accurate are expensive and takes Therefore, a frequent
requirement of the analysis of parameters may mopiactical for most on-farm
composting or composting on any level. Studies damonstrated that knowledge
of a range of properties could provide useful pcattestimates of nutrient
concentration of compost matrix. Possible correfatbetween easily determined
parameters like pH, electrical conductivity, deynsiedox potential, dry matter or

chemical composition in composts could be usedstonate the nutrient content of
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matured compost. This method has been reportecabyus researchers to estimate
nutrient values of manure from livestock farms.

Moral et al. (2005) found that EC seemed to be the most apiptepeasily
determined parameter for estimation of TN and TK pig slurries. Various
physicochemical properties and nutrients in livestmmanure have been estimated
using single or multiple linear regression equai@¥anget al, 2006;Zhu et al,
2004; Cheret al, 2009). Yanget al (2006) reported that EC is a good indicator of
the electron flow and could be used to estimatectirgents of Ammonium-N and
TK. Chenet al (2009) and Marin@t al (2008), estimated macro-nutrients with EC
or DM giving varied levels of goodness of fit fdret linear regressions used. Other
researchers were able to adapt time, temperatuwkemnical composition in a linear
and quadratic regression to estimate nutrient oturity in the composting pile
(Tiquia and Tam, 1998; Tiquia and Tam, 2002; Lareiegl, 2008).

Linear regression models developed in literaturevehalso captured
inconsistencies, primarily because of the varigbdf animal diet/feedstock, housing
or management system (population of livestock,agferof manure or compost,
turning/coverage; age or treatment method). Thesylts of regression analyses to
predict parameters may be specific for feedstocknanagement system, which

require more reporting from research.

2.3 Composting Systems and Pile Structure

Composting systems are defined by the aerationntdoby used or the pile
containing structure (Fig. 2.5). Various studiesvéhdeen conducted to explain
aeration (natural, passive or active) system inpmsting (Haug, 1993; Sartef al,

1996; Tiquiaet al, 1997; Tiquia and Tam, 2002; Masenal, 2004; Szantet al,
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2007; Ruggieriaet al, 2008). These systems could generally be categpras

opened or enclosed composting system (Table 2rtloEed systems are generally
marked by a short retention time; this may be fedd by the aerated and turned,
aerated static; turned windrow; passive aeratiaticspile; and the naturally aerated

static piles.

High technology —
more control Channel & In-

vessel system

COST

Aerated/Turned
piles &

\Windrmwe

Passive piles
& Windrows

Increased Area
Reauird

\ 4

THROUGHPUT

Figure 2.5: Composting technologies (Leonard, 2001)

Among all the available composting methods, operpié systems are the
most simple and require the lowest investment (H4a9§3). Indeed, the two most
common methods of aeration are pile turning fordsanvs and forced air supply for
static piles (Avnimelechet al, 2004). Aeration or turning is a key factor for
composting. Achieving proper aeration facilitates temperature control, removal of
excess moisture and G@nd provides ©for the biological processes. Turning of
compost feedstock is reported to significantly dase temperature build-up during
composting (Zhwet al, 2004; Tognettet al, 2007). However, studies have shown
that, passive aerated composting system have cafipaefficiency compared to

some turned and force-aerated systems (FernandkeSantaj, 1997; Solanet al,
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2001; Zhuet al, 2004; Syllaet al, 2006). Several methods have been used to
provide oxygen to composting material (Table 2lA4)the passive aeration method,
oxygen supply is achieved by means of the natwaVective movement of the air
through the pile (Masoet al, 2004).

Table 2.4: Classification of composting methods ahsystems

Method and Description

Open Methods

Naturally aerated static piles: Freestanding piles that are turned infrequentlgair
at all and aerate passively without aeration aids.

Passively aerated static pilesStatic windrows and piles with passive aeratims a
such as perforated pipe and aeration plenums;

Turned windrows: Long narrow piles that are regularly turned andatsel
passively;

Aerated static piles and bins: Free-standing piles or simple bins with forced-
aeration and no turning;

Aerated and turned piles, windrows, and binsFreestanding piles or windrows, or
simple bins with forced-aeration system. Materi@ee turned regularly or
occasionally;

In-Vessel or Contained Methods

Horizontal agitated beds: Materials are composted in long narrow beds vatjutar
turning, usually forced-aeration, and continuousemoent;

Aerated containers: Materials are contained in variety of containeilithworced-
aeration;

Aerated-agitated containers: Commercial containers that provide forced-aeration
agitation, and continuous movement of materials;

Silo or tower reactors: Vertically oriented forced-aerated systems witlp to
bottom continuous movement of materials;

Rotating drums: Slowly rotating horizontal drums that constantlyimtermittently

tumble materials and move them through the system;

Source: Rynk and Richard (2001)
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Another system of aeration or composting that is ammmon in Ghana, yet
applicable on a small or decentralized scale isni@mposting. Vermicomposting
technology using earthworms as versatile naturaiebictors for effective recycling
of organic wastes in the soil is an acceptable me&drconverting waste into high
nutrient value compost for crop production. Studieave also shown that
vermicomposting of organic waste accelerates ocgamatter stabilization
(Fredericksonret al, 1997; Mainooet al, 2009) and gives chelating and phyto-
hormonal elements (Tomagit al, 1995) which have a high content of microbial

matter and stabilized humic substances.

2.4 Sources and Utilization of Biodegradable Waste in @ana

Biodegradable Waste (BW) resources available inn@r@an be classified into two

main sources: (1) agro-industrial (recovered frtva $oil and water bodies) and (2)
from municipal solid waste. Table 2lelow provides some sources relating to
Ghana. These waste resources contribute diffenetntents, and physico-chemical

characteristics to a well-mixed feedstock for costjm.

Table 2.5: Potential organic waste resources in Ghna

Source Classification
1. Household Organic fraction of household wasted yammings
2. Agro-industrial Animal waste (abattoir waste & amaimdroppings), crop

residues, fruit and vegetable waste, aquatic wéedser
hyacinth), fish and marine waste, sawmill wasteiz&bium
and blue algae.

3. Civil Establishments Organic fraction of waste frosghools & institutions,
commercial centre wastes; sewage sludge and rogbtasid

city refuse (from public park).
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Various local research works have been conductedutdy the use of crop
residues or leguminous plants/weeds to improve feoillity and productivity in
agricultural soils, with the rationale of reducitige reliance on mineral inorganic
fertilizer (Quansalet al, 1998; Quansaht al, 2001b; Tetteh, 2004; Fenirg al,
2005). Also reported are studies on the percepifofarmers using biodegradable
municipal solid waste (BMSW) compost or manureug@salet al, 2001a; Danso
et al, 2006), quantifying BMSW or potential compostadability (Leitzinger,
2001); and the supply or market of BMSW  as pidécompost (Kindness, 1999;
Asomani-Boatengt al, 1996; Danset al, 2006) for local application.

River reed or hippo grass/d@ssia cuspidate)water hyacinth Eichhornia
crassipe} Polygonum senegalenw/ater lettuce Fistia stratiotes)and theCyperus
sp. are but a few aquatic weeds that have potensafulness for composting in
Ghana. These noxious weeds have attracted worldatidgetion due to their fast
spread and congested growth, which lead to senwablems in water transport
navigation, irrigation, power generation, and spgne@ of bilharzia (Pierce and
Anthonty, 1969; Epstein, 1998; Goyetl al, 2005), adverse effect on the growth of
tourism and the improvement for livelihoods of mdakeside dwellers. These
aquatic weeds can be composted for soil ameliaratio

The use of water hyacinth on land either as surfackeh or as compost or
vermicast has been reported by several researcfWmomer et al, 2000;
Gajalakshmiet al, 2002; Malik, 2007). Gunnarsson and Petersen7(280d Malik
(2007) have reported potential uses of aquatic eémdcompost, biogas, briquettes,
animal fodder/feed and bio-alcohols. Currently desj barges or manned-canoes
are the prime harvesters for aquatic weed in Ghiaresh aquatic weeds have high

moisture content (~80-90% whb); hence little addiéibwater is needed during the
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composting (Malik, 2007). Composting can play aanaple in the management of
the waste resources of Ghana; composting play &gred role in the countries’
integrated waste management option, a reflectionthef sustainable option of

recycling.

2.5 The Consumption of Mineral Fertilizers in Soil Fertlity Management
Ghana’s economy is driven mainly by its agricultusactor (Aryeetey and Fosu
2003; Beninet al, 2008; GSS, 2008). The process of economic dpueat in
Ghana is, to a large extent determined by the mimind timber industries and a
rapidly industrializing and export-oriented agricmél sector, mainly based upon
cocoa and oil palm, but diversifying into a wideragr of tropical fruits and
vegetables (Hens and Boon 1999). Ghana’s dependenagriculture will require
that it prudently manages its soil fertility, alowgth other sound agricultural
practices. Successful management of tropical seigiires the combined use of
mineral and organic fertilizer for maintenance aif fertility (Vlek, 2005).

Mineral fertilizer, is widely used in agriculturgroduction in Ghana. All
chemical fertilizers consumed in Ghana are impo(t&eini, 2002). A summary of
Ghana'’s fertilizer consumption from 1986 to 2008h®wn in Figure 2.6. Chemical
Fertilizer was not imported in 1991 because stoekseeded demand, and
government controlled fertilizer imports. The sigrant drop in the fertilizer imports
and hence consumption in the country is due lartgeijhe removal of subsidies on
fertilizer prices in 1990-94; which before have hée the range of 40 to 80 percent
(Dreschel and Gyiele, 1999; Seini, 2002). The wilnhl of subsidy discouraged
consumption and the substantial price increaseseest 1990 and 1998. However,

the increase in fertilizer consumption from 200flecs Ghana government’s policy
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support to invest more into agriculture throughisas support assistance directed at

subsidising agricultural inputs (Fertilizer and fogdes especially).
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Figure 2.6: Mineral fertilizer import into Ghana fr om 1986-2007
(Compiled from available data from Ministry of Foadd Agriculture-Crop Services

Department, 2004; Ministry of Trade and Industrys®arch Information and
Statistics Division, 2009)

Although nutrient deficiencies could be remedietbdigh mineral fertilizers,
desirable soil physical properties such as wateldiingp capacity, congenial
conditions for microbial activity and efficient usé applied fertilizers could be
maintained by addition of compost or organic masuf@onsequently, there is an
increasing interest in using crop residues and ahimanure for improving soil
productivity which can reduce the use of extermgluis of mineral fertilizers for
agricultural production in the tropics (Quansgthal, 1998; Quansaht al, 2001b;
Tetteh, 2004; Feningt al, 2005). Smalinget al (1996) asserted that farm holders,
developers and policy makers in sub-Saharan Afgcagnise soil nutrient depletion

as one of the major constraints to sustainablealtpral development.
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2.6 The Role of Composting in of Municipal Solid WastéMlanagement

The organic biodegradable fraction of MSW is an amg@nt component, not only
because it constitutes a sizable fraction (>50%thefsolid waste stream of most
developing country but also because of its potiytedverse impact upon public
health and environmental quality (Ashworth, 1996)also provides an opportunity
to divert nutrient from dumpsites to agriculturahdl and contributes one of the most
practical solutions for managing solid waste in aleping countries (Ali, 1997,
Leitzinger, 2001; Danset al, 2006; Hofny-Collins, 2006).

Salifu (2001) reported that adopting appropriatht®logies for composting
MSW, especially near the point of generation, caddrue a net savings on transport
to the local authorities. It was consequently gdfated that a 20% reduction in
biodegradable fraction of MSW could have a sigaific reduction in maintenance
cost of the Kumasi landfill; while increasing it$el span by nearly Syears. The
municipal authorities spend about 60% or more e@irthhudget to collect waste,
therefore composting near the point of generaticay rhe worth considering to
reduce transport costs (Ali, 1997; Zirbrugg andegemleib, 1998; Danset al,
2004; Imamet al, 2008).

Very few composting facilities exist in Ghana, aoarely operate to their
designed Capacity. The biodegradable fraction eicaljural and municipal solid
waste forms about 55-65% of waste characterizedhoisehold solid waste
characterization study carried out in differentame classes in Accra in 1999
showed that the proportion of organic waste froghhincome households was
higher (approx. 70%) than that of waste from med{60%) and low income (49%)

groups (Fobil, 2000).
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Opportunities to divert organic fractions of MSW tagriculture or
horticultural use in urban, peri-urban and ruraaaexist. It is worthy to note that
anaerobic digestion of some agricultural waste faedal sludge materials has been
successfully undertaken to produce biogas (Aklekal, 2006; Ofuso and Aklaku,
2009). Peri-urban refers to areas located withith an the periphery of cities and
towns. Leitzinger (2001) reports that, up to 66%thousehold food demand are
supplied by peri-urban agriculture. The same Autlederates that composting could
recycle a significant amount of plant nutrientsdgricultural use, which would have
otherwise been lost to the environment. Conseqguebditzinger (2001) suggested
the need for special focus on feasibility studiesdiscover the cost of waste
examining composting and the availability of sustdie market.

Dansoet al (2006) analyzed the perceptions and willingnesgay (WTP) for
composted municipal solid and faecal waste amobgruand peri-urban farmers and
other potential compost users in Ghana. Their amlgevealed that the effective
demand for compost for agricultural purposes isgimat and limited by farmers’
transport costs. This was revealed by a positlationship between income and
WTP, indicating that farmers with a higher abilitypay and able to understand the
benefits and risks of compost show a higher WTHddethe demand gap left could
be filled by the construction sector, an initiatitle&t must be driven by a public
private partnership (PPP). The government (loc#haities) through, its national
beautification policy, could adopt the use of costponstead of the use of dug

topsoil (“black soil”) for landscaping purposes.
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2.7 Lessons from Ghana's Local Composting Experience

A survey to assess the state of local compostimemences in Ghana and their
possible replication in other districts was condddirom January, 2007 - December,
2009. Visits to the composting facilities were urtdken and interviews conducted
using a structured questionnaire (Appendix A) whadught to determine issues
about the capacities of the facilities, ownerskipurce of raw-material, method of
production, estimated project cost, and challergeapering the smooth operation
of the facility. Supervisors or managers or thguigalent at composting or material
recovery facilities were interviewed with the helpa structured questionnaire.

The facilities identified included the Teshie-Nuagéccra Metropolitan
Assembly Composting Plant - AMACP; the Ashiedu kete Community
Participation Project — AKCPP at James Town; theEVRAKkuse; the Blue Skies
Composting facility - Doboro; and the BOPP compusfiacilities — Twifo-Praso. It
is important for other emerging facilities, eithpivately funded or donor funded, to
learn some lessons from the above facilities taenthat they are more capable of

operating such facilities in a sustainable manner.

2.7.1 The Accra Metropolitan Assembly Composting PlantMACP)

This facility was designed and built in 1979 andcdree operational in 1980
(Djabatey, 1998; Awuye, 2008). The system coulddescribed as a centralized
sheltered Mechanical Biological Treatment (MBT)ifiac with an open-air windrow
(operated under a shed) and faecal treatment i@s$qond. The design capacity
was 200 MT/d of mixed MSW (Etuah-Jackson et alQ1d0and was established at a
cost of about USD 2.5 million (Djabatey, 1998; Awyy2008). After the breakdown

of its Topturn machine, a front-loader was useduiming the compost pile as a
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means of controlling temperature and ensuring amifmoisture content, which was
controlled by wastewater from the faecal treatnsabilisation ponds in the later
days of its operation. This plant was serving AM#dats surrounding communities.
The matured pile was passed through a mechan@éhgidrum, separating out any
components larger than 10 mm as residual;, howéheeffibal product had a high
contamination of glass and metals (Asomani-Boatend Haight, 1999; Awuye,

2008; Hofny-Collins, 2006).

Figure 2.7 Non-operational AMACP composting faciliy

(b) Pile of refuse dumped

36



The failure of the AMACP is mainly attributed toogr maintenance culture, the
weak market and quality control of the compost pomdl; which was then
competing with easily accessible substitutes (faghcow manure, poultry manure
and top/black soil), lack of a funding mechanismmganvest into the facility as per
its estimated life-span of about 20 years (1978819%high operating and
maintenance cost that was increasing and was aasidinsustainable for the local
government to support, the absence of an apprem@tice fee for the management
of the municipal waste and its treatment and tl& tZ motivation and training for
personnel involved. The above findings and infeesnhave been corroborated by
Lardinois and van de Klundert (1994), Ali (1997Asomani-Boateng and Haight
(1999), Etuah-Jackson et al. (2001) among otheisp Wwave all reported on
constraints and failures of such a centralizedlitpcio operate efficiently and
reliably in developing countries. Unfortunatelye tAMACP was turned into a make-
shift dumpsite (Figure 2.7 above), before it wastcted for decommissioning in

August, 20009.

2.7.2 The AKCPP (James Town)

Established in 1997 as a non-governmental orgaoizaupported by the AMA and
other development partner supports, the AshiedekétCommunity Participation
Project (AKCPP) facility was treating MSW collecte'dm surrounding markets and
those collected from households through door-to-deovices. The collected waste
was sorted and the organic fraction put into pitésed with dewatered faecal sludge
from the local Sewage Plant near Korle Gono alhimithe jurisdiction of the Accra
metropolitan assembly (AMA). The feedstock was folated in a ratio of 1:4 of
faecal sludge to biodegradable fraction of MSW. Tgikes were then turned

regularly. Although the optimum capacity of theilia¢c was reported to be about
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1,300 tonnes MSW per annum (Hofny-Collins, 2006),wias also operating
irregularly below capacity at approximately 2-5ries MSW per day, at an average
production rate of 150 tonnes MSW per annum. Withunattended to accumulating
residuals at the site, uncertain ownership, inengasost of transporting feedstock
materials and the inability to produce compost abmpetitive price, this facility is

no longer operational (Fig. 2.8).

Figure 2.8 AKCPP project with a rotary screen

(source of photo: WASTE Consultants, 1998 andinois and van de Klundert,
1993)

2.7.3 Volta River Estate Limited (VREL) and Blue Skies @&ducts (Ghana)
Limited (BSGL) facilities

The VREL composting system, located near Akusekgrahg, in the Eastern region
of Ghana has been the most organized and funcgdi@icility at the time of the
study. The method of operation used involves a machlly-turned windrow
system (Figure 2.9) that is always covered witlTagtex” (fleece) sheet to prevent
excessive moisture loss or gain due to excessiapagation or precipitation
respectively. The fleece also controls dust triggeby the wind on the compost

piles. The main feedstock material used at thigitiacs river reed (vossia cuspidate
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or the Hippo grass) harvested from the Volta Lakkich forms about 75% of the
total pile constructed. Amendment materials sucle@®a seed shell/husk, poultry
manure, cow manure, banana waste, rice husk andack used. ‘SoilTechTM
solutions’ starter inoculants are used to accededlacomposition. An estimated pile
dimension of 50 m (L) x2 m (B) x1.5 m (H) is nortyalsed and turned frequently
to ensure that temperature or the carbon dioxide (§&) levels did not exceed
65°C or 20% respectively. The main equipment used rfixing the pile is a
“Sandberger ST 300" pulled by a 90 HP tractor. Addally, a 165 HP front-loader
is used to form or reshape piles. Although designeuperate at a capacity of 25,000
m3 or 15,000 tonnes of compost per year, the faciias estimated to be operating

at capacity of 5,000 m3 per year in 2008.

Figure 2.9: Mechanically-turned windrow compostingpiles in Ghana

(a) Composting at VREL (b) Composting of fruit wvagSGL

BSGL'’s composting facility near Nsawam in the Easteegion of Ghana operates
with the same principles as that described forWREL composting facility. The
main difference between the two facilities is wiledstock formulation, which, in
the case of BSGL, is made up of mainly fruit wagt®eapple, mango and passion

fruit) and is amended with poultry manure, claysmd bulking agents such as
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wood shavings or cardboard or coconut husk. LikeMREL facility, its reason for
composting is to develop an organic fertilizer ompost, with the added advantage
of waste management. The compost produced is osgbw fruits processed by the
company to maintain its certification requiremeot brganic products (pineapple,
banana, passion fruit, mango etc.). The fruits gromith the compost have a
premium value higher than crops maintained withnukal fertilizer. BSGL at the
production period of 2008/2009 was producing aki@ MT of compost per year,
about 50% percentage of its estimated potentiadafp However, the company has

the intention to double the facility’s operatioabpacity in the future.

2.7.4 Benso Oil Palm Plantation (BOPP) Composting Faciéit

The composting facility at BOPP located in the \Wastregion was established to
process oil palm Empty Fruit Bunches (EFB) and pailnmill effluent (POME) into
compost for smallholder and out-grower farmers.sTikiexpected to enhance fruit
yield and drive their sustainable environmental agamentThe facilities have been
operating since 2005/2006 (Fig. 2.10). This israprovement on the past practice,
where the EFB was sent into the field to decom@ssa mulch to enrich the soil.
This approach reduces the cost of transportingcéueanical fertilizer use. Plans to
implement a similar facility the Twifo Oil Palm Ritation (TOPP) in Central region

of Ghana is still pending.
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Figure 2.10: Empty fruit bunches being composted ith POME

2.7.5 Compost Product Quality of Operational and Non-opépnal Facilities

The compost produced from these facilities wereaf@) mainly utilised by farms

(small, medium or large scale), Estate Developgdadels, and Horticulturist, or for

various research projects with varied qualitiesb{&z2.6). It can be seen from the
summary presented in Table 2.7 and Table 2.8 tlust of the recent composting
initiatives are emerging from the Private Sectod aare utilizing mechanical

equipment in their operation which adds to the aafstomposting. The major

constraint to these facilities is the cost of opagaand maintaining their equipment,
hence there is the need to consider technologasaiii limit the use of mechanical

equipment or its frequency in the composting openat The mechanical equipment
are used primarily for turning the windrows, herfoeced or passive aeration
mechanism could be investigated and recommendethgare the sustainability of

the composting process where applicable.
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Table 2.6: Capacity, feedstock and method of opetian and end-use of product

Facility

Ownership  Cap. (tly)

Status

Method Maturity

VREL

BSGL

AMACP

AKCPP

BOPP

Government

Operational

Operational

Decommissioned

Decommissioned

Operations

End-users
=

F, RED,
H/L

F, HIL,
RED, LC
H/L,RED,F
F

CBO - Community Based Organizations; MTW-Mechanicdlurned Windrow; MBT-Mechanical

biological Treatment; mTW- manually (labour) Turnéflindrow; F-Farms; RED-Real Estate

Developers; H/L-Horticultural/Landscaping; LC-Laildéover
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Table 2.7: Operation characteristics and constraits of facilities

Facility* VREL BSGL AMACP AKCPP BOPP

Feedstock Agro-waste , soil Agro-waste, soil, sawdust MSW, FS MSW, FS Agro-waste

System Turned Windrows Turned Windrows Sheltered Mechanical Windrow, Labour Labour , shredder front
with fleece covers with fleece covers Biological intensive. loader

Parameter used in
Monitoring

Major Equipment

Addition of
Inoculums

Major Constraints

Treatment (MBT) facility

Temperature, Moisture Temperature, Moisture Temperature, moisture Temperature, moisture Temperature, moisture
Content and C9O Content and CO Content Content Content
PTO Mounted Turner, PTO Mounted Turner, Grab crane, Hammer mills,Small scale rotary screen Front-loader, trucks
front-loader, Truck, trailer front-loader, Trommel Rotary sieve, magnetic

screen, truck separate, front- loader,

vibrating screen, Compost
Turner
Yes Yes No No No (POME)

Accessibility to the site, Accessibility to the site, Poor pricing or product, Poor pricing or product, Cost of operating and
cost of operating andcost of operating andfrequent equipment and ownership crisis. maintaining equipment
maintaining equipment maintaining equipment breakdown, non-availability

of funds to sustain operation;

contamination  of final

product.

* Reference year, 2009; MSW- Municipal Solid Wag¢t§-Faecal Sludge; POME - Palm Oil Mill EffluenT® — Power Take Off
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Table 2.8: Reported quality of compost product

Facilities Parameter*

Parameters oM pH C N P K Zn Cu Cd Cr Ni reference
Units (%) - % % % % mg/kg mg/kg mg/kg mg/kg mg/kg

VREL 30.6 8 5 0.24 0.18 0.39 19 36 0.30 14 12,5 1
BSGL 10.8 7.38.2 457243 0.3041 0.31:0.56 0.350.75 - - - - 1
AMACP 8-23 6.88.6 2.0212.3 0.171.68 0.252.21 0.17+0.71  92-837 19-272 0.21.15 22-54 11.218.1 1,2,3/4
AKCPP 20.2-31.8 6.1-7.0 6.42-8.39 0.75-1.15 4.1-48 0.22-0.46 233-241 29.4-40.7 0.33-0.76 12.9-14.4 10.4-11.6 1,3
BOPP ~80 6.0 43.96 1.50 0.12 2.74 - - - - - 1

* - Parameters are reported on (w/w) basis, excepHoReference: 1 — facility internal records; 2oeddrhet al (2008); 3 - Hofny-Collins

(2006); 4 - Etuah- Jacksat al. (2001)
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The study established that, the final compost gudiliom the various
facilities that, BOPP’s compost presented the hgloeganic matter content (OM),
Nitrogen and Potassium concentrations (Table A/Bhile the AKCPP facility
presented the highest elemental phosphorous caatient among the composts
listed; which may be attributed to the high proortof dewatered sewage sludge
used in composting. The highest heavy metal coramgmt was observed in
AMACP compost. This could be traced either to tbarse of municipal organic
fraction or the quality of faecal sludge used oe tmethod used in separating
potential contaminants and size reduction procesdes presence of batteries and
rusting tins/cans in municipal solid waste streara a major source of metal
concentration in the final compost produced. QYeahe lack of effective pre-
sorting prior to composting could have contributedthe level of contamination
reported for compost product from AMACP. Thus, peoeting in AKCPP gave a
better quality of compost compared to AMACP. Richand Woodbury (1992)
indicated that mixed municipal solid waste compugtivere susceptible to high
metal concentration, which in most cases are abEz@mmended limits.

In the case of the agricultural waste composte/R{L, BSGL and BOPP
farms, the products were mostly used internallythair farms or distributed to out-
growers to meet their planned production methodsngfoving soil organic matter
content or growing ‘organic’ fruits For most of the operational facilities surveyed i
was clear that monitoring of the piles were conedddiy using temperature readings,
gas analysis (Cgtitrimetric device) or visual inspection. It waksa revealed the
rapid monitoring of macro-nutrient, without necedgaundertaking chemical
analysis was desired.

However, compost produced from MSW or faecal slu(igwvatered) will

require substantial educational campaign to subsiy common negative
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perceptions of the compost (Cofeg al, 2010); although this situation has been
noted to be improving (Cofie and Kone, 2009). Inngh@ases, and not limited to
donor operated composting facilities in Ghana, ibutther West African countries
(Asomani-Boateng & Haight, 1999; Hofyn-Collins, B)0Qthe project sustainability

has being greatly tied to the continuous fundinghgygrant agency.

2.7.6  Opportunities and Factors to Consider in the Apiton of Composting
as Suitable Biodegradable Waste Treatment OptiorGhana

Smalinget al (1996) asserted that farm holders, DevelopersRoiity Makers in
Sub-Saharan Africa recognise soil nutrient depheie one of the major constraints
to sustainable agricultural development. Opporiesitexist to divert organic
fractions of MSW and agro-waste to agriculture orticultural use in urban, peri-
urban and rural areas (Peri-urban refers to aceaddd on the periphery of cities and
towns). Leitzinger (2001) recommended compostingaameans of recycling a
significant amount of plant nutrients for agricuil use, which would have
otherwise been lost to the environment. Conseguehd suggested that a special
focus be put on feasibility studies to discover twst of waste management
examining the composting technology and the avditiatof a sustainable market.
All the facilities surveyed could not reconcile itheost of operation or investment
made on the projects, because of poor record kgepwor allocation of cost to
assignment of equipment or other assd#®wever, it was clear that the
sustainability of the composting project were iefleed by the availability of
markets for these organic products; or becausédefquest of an organization to
improve the organic matter content in their farnssor reduce their consumption of
mineral fertilizer.

Dansoet al (2006) analyzed the perceptions and willingnesgay (WTP) for

composted municipal solid and faecal waste amobgruand peri-urban farmers and
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other potential compost users in Ghana. Their amalyevealed that effective
demand for compost for agricultural purposes isgimat and limited by farmers’
capacity to transport products. Thus, farmers weitthigher ability to pay and
understand the benefits or risks of compost shonglaer WTP (Danset al., 2006).
Hence, the identified demand gap or market nichgdcoe filled by the construction
sector, through an initiative that must be driven & public-private partnership
(PPP). Government (local authorities), through itational afforestation or
beautification programmes (Greening Ghana), coudpt the use of compost
instead of the use of dug topsoil (“black soil”)r foursery planting media and
landscaping purposes.

Based these experiences, the following have beepoped as prerequisites to
establishing a sustainable composting or matez@dvery (with composting) system
within an integrated waste management frameworkifoan cities in Ghana:

1. Assessing a feedstock of good quality for compgstimhich may require

source-separation;

2. Stimulating potential markets for compost use. df&l or Local authorities
could support such facilities with tax incentiveassome guaranteed markets
if quality specifications are met. Already, thevgmment of Ghana is
subsidising significantly chemical fertilizer imped for farmers;

3. Formulation of feedstock recipes that will ensuptimal process efficiency
or control and reduce cost of operation;

4. Appropriate siting of facility, to ensure contingosupply of raw material or
reduce public objection;

5. Choosing appropriate technology and scale, to enstite prudent

management of operational and maintenance cost.
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6. Local authorities may wish to charge or allocatprapriate rates (tipping fee
for MSW) or subsidise costs to cover or ensurestistainability of a facility
within a well-structured maintenance culture.

7. Availability of qualified personnel to effectivelynanage the proposed
facility. Thus, continuous training becomes a raldvmanagement strategy
in operating such plants.

8. A continuous effective public awareness and sexasitin about separation at
source of MSW and the beneficial use of compostratated recyclables is
recommended.

The future of a sustainable composting may be émibed heavily by the availability
of a market to absorb the final compost producitéiee as an organic or organo-
mineral product. It is important to package the post product in a way that meets
the needs of each identifiable market sector. Risrreason, accreditation from the
Ministry of Food and Agriculture (Plant Protecticmand Regulatory Services
Directorate, PPRSD) or an appropriate certificagmthority to stimulate consumer
confidence in the quality the compost product isessary. Again, pre-sorting before
composting and the factoring of the cost of dispotaesidual material is critical for
reduction of the occurrence of heavy metals in fthal product. Much so, there
would be the need to formulate an equivalent sybsidgramme for compost in line

with other chemical fertilizers.

2.7.7 Opportunities that Exist for Composting in Ghana

Windrow composting with turning was found to be thmst applied means of
composting in Ghana. Commercial facilities useteast a mechanical turner (Self-
propelled or power-take off or front-end loader}uon or aerate compost piles. Key

challenges identified from the surveyed compostfiagilities highlighted the
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unavailability of markets to absorb compost produead high operational and
maintenance cost (electricity/fuel); although fitieis were not able to back this later
concern with enough data. Development of appropriadrkets for compost is key to
the sustainability of any composting program angstheeds government support
through enforcement of appropriate regulations ere@ntives. In this regard the
study observed that government support through phevision of incentives,
subsidies or grants to develop composting as aewasnagement option to reduce
the amounts of MSW or agro-waste that require lilimdf. This is justified by the
fact that the government of Ghana is already sidsgl significantly waste
collection services, landfill management and chaimiertilizer imports. Thus, the
course of subsidies should be towards cleanemtezdt methods. The opportunity
also exists to explore composting technologies thguire less energy (turning)
input like passive mechanisms in the light of tleed to reduce processing cost by
reducing energy requirements; while decentralizimgtreatment operations. Due to
the concern for high operational cost for mostheise facilities investigated, there is
the need to investigate new feedstock and aeratiechanisms that may improve
compost process efficiency in existing or conceipegjects.

The finding from the survey further suggests thhé tprivate sector
composting facilities were better managed as coegpdo the government or
public/community based facilities. This could béribtited to the clearly defined
ownership and less bureaucracy involved in the a@grsystems of the privately
operated facilities to ensure the smooth operatiminsuch facilities. Thus, it is
recommended that management of composting fasilgfould be skewed towards
the private sector or a well worked out public-parship agreement in Ghana. The
survey revealed that compost quality was dependenthe feedstock used in the

composting process. More so the levels of heavyalmetcompost from facilities
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utilizing MSW and sewage/faecal sludge reportedhhagmount of Zn and Cu
concentration which were also inherent in the ahifeedstock. It is recommended
that future composting programme considering utizMSW as part of their
feedstock should include strategies that will emaga source separation from the

various generating sources and an effective priagosystem.
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CHAPTER 3 : MATERIALS AND METHODS

3.1 Experimental Sites

The research involved both field and laboratoryligs. The field experiments were
conducted at the Agriculture Mechanization farm KMUST (6°4044.79'N,
1°3322.08'W) and the VREL Composting Site (6° 7'2.18"N, 02%16"E). The
laboratory studies were conducted at the Soil Seiebaboratory, Faculty of
Agriculture, KNUST - Kumasi; The Environmental Sation Lab, Civil
Engineering Department, KNUST - Kumasi; The AnalgtiLab of Soil Research
Institute, Kwadaso - Kumasi, which is about 8km wweom Kumasi; and the
Ecological Laboratory (ECOLAB) of the University &hana, Legon - Accra. The
analyses of heavy metal contents in compost and ofagferenced literature cited
was undertaken at the Department of Civil EngimegriUniversity of Western
Ontario, London, Canada. The electrical controkwir for the forced-aeration
experiment, using the river reed substrate, wa$t ith the assistance of the

Electrical and Control Unit of the Tema Oil RefindAppendix B).

3.2 Field Experiments for Abattoir Composting Piles andtheir Formulation

3.2.1 Feedstock used in Abattoir Waste Composting

The effect of feedstock composition or turning fregcy on composting process was
investigated in this experiment. The main substfatethe study Abattoir Waste
(AW), also known as slaughterhouse waste, matértah the Kumasi Abattoir
Company Ltd (KACL) was utilized. This consisted migi of dung and rumen
content. The KACL has an operational capacity tocess over 230 Cattle, 120
Goats/Sheep, and 10 Pigs daily (Rockson and Akl2B06). An estimated average
of 9 tonnes of abattoir waste is generated daihicivare then disposed-off of at the
KMA landfill site at Kaase-Dompoase, Kumasi (Roaksmd Aklaku, 2006). Other
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material such as source separated market/commevagte (MW), cocoa pod husk
(CPH), corn stoves, yard trimmings and sawmill webdvings (SW) were added to
the abattoir waste, to serve as an amendment @laberbulking agents, to form the
different feedstock formulations studied. The MW sweollected from KNUST
campus’ commercial area and Ayigya markets ovegraog of three days. This was
mainly, vegetable (such as cabbage, lettuce, andtsp peels of cassava tubers,
plantain, and left over food. The CPH was colledtedh a nearby farm at Koforidua
in the Ejisu-Juaben district; the pods were saithdoe been harvested for about a
month. Corn stoves were also collected from thausglihg facility at the Agriculture
Mechanization farm in KNUST, courtesy a projectrigeundertaken by the Crop
Science Department of the Faculty of AgriculturdST. Yard trimmings and
sawmill wood shavings (SW) were also obtained ffanilities on KNUST campus.
The above materials were added to the AW for comnppsmainly in order to
balance C/N ratio Moisture Content of the formuaas. These materials were also
considered to be readily available for any futuwenposting of AW to be undertaken

in Kumasi.

3.2.2 Experimental Design for Abattoir Waste Composting

The composition and physicochemical characteristicsach feedstock prepared for
this composting experiment are presented in TaldleThe experimental set up was
a 3x3 factorial design with three feedstock AMY@rgsisting of abattoir waste,
market waste, yard trimmings and corn straw/stqv@§)C (consisting of abattoir
waste, corn straw/stoves and cocoa pod husks) a8 &onsisting of abattoir
waste, cocoa pod husks and sawmill waste) of sinltél ratio of about 25:1, and
with turning frequencies/ mixing regimes at intdsvaf 3-days (3-DT), 7-days (7-

DT) and 14-days (14-DT). These nine (9) piles weeeup in boxes of average
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dimensions 1mx1mx1m (Figure 3.1) and maintainedasture content of about 55-
75% wet basis over the period of composting. Mussture Content was selected to
influence high organic matter degradation and &iptesincrement or minimize loss

on Total Nitrogen (TN) (Buenet al, 2008).

Table 3.1: Formulation of feedstock

Samples Unit AMYC ACC ACS

AW kg (%) 140.0(42.2)  150.4(46.9)  132.4(41.3)
M W kg (%) 140.2(42.2) - -

Ccsw kg (%) 27.6(8.3y 20.2(6.3y -

YTW kg (%) 24.1(7.3) - -

CPH kg (%) - 150.0(46.8)  165.0(51.5)
SW kg (%) - - 23.0(7.3y

AW-Abattoir Waste; MW-source separated Market WasteSW-Corn Straw/Cob Waste; YTW-
Yard Trimming Waste; CPH-Cocoa Pod Husk; SW-Sawk#iste. Values in parenthesis (), are the

percentage weight composition of feedstock matessa&ld in the composting process. * - feedstock

used as amendmer¥;- feedstock used as bulking agent.

About 320kg of feedstock was formulated for eacluseof abattoir waste
composting, which was ideal to fit into the Iframes used for the study. Feedstock
formulations of available materials were designeddhieve an initial characteristic
MC and C/N ratio of about 65% (wet basis) and 2&e4pectively. These were
evaluated using a modelled Microsoft sheet desigmgdhe Cornell University
(Richard, 2006), that helps composters to estaldisiiesired MC and C/N ratio
simultanously. The Characteristics of initial feted& piles in the three formulations
are described in Table 4.2 (page 75 of Section FHgre was very little observation
of leachate formation from the piles as a resultprdcipitation. The piles were

formed under a shed to prevent any effects fromctirainfall.
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(b) A mixture of ACS and ACC feedstock

Figure 3.1: Feedstock for composting of abattoir wste

The essence of turning is to ensure that microbe$ raoisture are more
uniformly distributed in the composting piles. Bhuhe turning frequencies were
selected to align with the growth and decay cy@desnicrobes or pathogens. Most
microbes survive or deactivate during compostinghwi 3, 7, 14 days at
thermophilic temperatures (Haug, 1993; Epstein,71@3kmecelioglet al, 2005);
and to assess the different effect that turning ncayse to thermophilic or
mesophilic microbial community during compostingurthermore, the turning
regimes enhance the ability to control temperaéma moisture developments during

composting (Robinzoet al, 2000; Ogunwadet al, 200§. Thus, in community or
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commercial composting practice, the cost of labmuoperation could be optimized
around these turning frequencies if their impactpoocess efficiency is properly

understood.

3.3 Field Experiments for River Reed Composting Piles ra their

Formulation
3.3.1 Feedstock used in River Reed Composting

Under an already existing formulated feedstock amsitjpn using river reed
harvested using boats from the Volta Lake, a gitele experiment was conducted to
assess the effect of aeration mechanism on the @sting process. The river reed
from the Volta Lake, near Akosombo, is typically adeaup of Hippo grassvpssia
cuspidat¢, Water Hyacinth Eichhornia crassipes and Water lettuce Pstia
stratioteg. However, the hippo grass was the dominant bismased for the
composting experiment at Volta River Estate Limi(R&EL). Cocoa seed husk was
collected from the Cocoa Processing Company (CP@) Tema; while poultry
manure came from mostly poultry farms from the &astand Ashanti Regions of
Ghana. Banana waste, from VREL’s various farms vieoeight to the composting
facility, while materials like rice husk, cow dumg manure were bought from local
farms in Akuse and its environs. Top soil, clayeynature, from the banks of the
lake and plots being prepared for cultivation rdéar composting facility were used
in the formation of piles. The river reed was usedthe main substrate in the
feedstock. The feedstock composition on weight Dasicaptured in Table 4.33
(page 145 Section 4.6) with river reed forming a@bdb% on weight basis. The

composition used by VREL was adapted for this study
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(c) Clay soil (d) Cow dung

Figure 3.2: Feedstock for co-composting of river red

3.3.2 Experimental Design for River Reed Composting

Two passive aeration mechanisms, the Dome Aeraechnblogy (DAT) and
Horizontal-vertical (HV) channel mechanisms wergleggl. Additionally, an ON-
OFF static pile forced-aeration mechanism and ahagcally turned static pile were
also studied. The dimensions of these piles weflaeinced by previous research
experiments influenced by the surface area to veluatio. The aeratiosystems
differ one from the other, thus the scale down &T(Trois et al, 2007) and FA
(Tiquia et al, 1997; Gacet al, 2010) and scale-up of HV (Syl& al, 2006; Solano
et al, 2001). The sizes of the piles were built to easthat the surface area to

volume ratio is close enough to 3:1 - 3.5:¥mf for a full scale set-up (Mason,
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2007) Since it is virtually impossible to maintain thdepheight of the TW above
1m throughout the thermophilic phase, setting ediraknsions for the piles will not

be practical.

3.3.3 Dome Aerated Technology (DAT) System

The DAT is a passive aeration system that utildesmal convection to drive the
aeration process within a windrow of waste. Thaggle of the DAT method is the
creation of large voids in a windrow of waste, gsin this case, bamboo structures,
called domes and channels. This is a scale-down &woesearch conducted by Trois
and Polster (2007) and Trios et al. (2007); hacogposed MSW and pine bark to a
scale of over 300/ Domes were positioned centrally in the windraatiow for
venting of the hot gasses generated by the degvadatactions through the
chimneys and channels. The layout of the DAT systepnesented in Figure 3.3.

Perforated
Channels

2.7
Bamboo Domes

Figure 3.3: A schematic diagram of the Dome Aerate@echnology (DAT)

system
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Chimney

(b) Set-up for bamboo DAT composting

Figure 3.4: Composting of river reed using a bambo®AT

This pile is structured around four (4) bamboo dem&th matching chimneys

(uPVC pipe 101.6 mm in diameter, and 2.50 m higjuré 3.4). The triangular base
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bamboo dome was 1.40 m high; 0.75 m equilatera.bBise rhombus-like grits in
the domes were arranged to providing an averageirgpaf about 50.8 mm.
Additionally, 10 pieces of perforated uPVC (101.61rim diameter and with holes of
25.0 mm and spaced at 300 mm) were placed benbatlpile to promote the
‘chimney effect’ by driving fresh ambient air intbe compost pile (seen in Figure.
3.4a and b). The chimney pipes were supported lopkde to hold the pipes in
position. The dimensions for the DAT compostingtsgswere 13.7 m x 2.7 m x1.8
m (LxBxH). From this pile, sampling was conductédhaee locations for laboratory
analysis namely top, middle and bottom just as @mgnted in the other methods of

aeration.

3.3.4 Horizontal-Vertical (HV) Aeration Technology

(a) Perforated uPVC pipes for HV system (b) H¥$p pile covered

Figure 3.5: Construction of the Horizontal-Vertical (HV) pile

The horizontal-vertical (HV) aeration technologysaadapted from (Syllat al,
2006), and works on the same principle as the DR difference with this set-up
was with the use of larger uPVC pipes, 152.4 mmméier, perforated with holes to

effect the passive aeration. The sign is adopted ssale-up of a passive aeration
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study reported by (Sylla et al., 2006). The pipeseninverted, T-shaped and were
perforated on the horizontal section to allow ambir to move into the pile. The
vertical section was also perforated to also alkeavm and waste gases to exit the
compost mass. The dimension of the pile was 6.8)x2.6 m (B) x1.7 m (H) and
was covered with a “Toptex” (fleece) sheet. Theiwal pipe was perforated to about

1.2 m high from the bottom (Figure 3.5).

3.3.5 Mechanically Turned Windrows

For the mechanically turned windrow system, thel$éeck was initially turned four
times. A fraction of this feedstock was used in fiieed-aeration pile experiment.
The dimensions for this pile were 35 m x2 m x0.9LnxBxH) (Figure 3.6). Turning
was conducted on the piles when temperature grad@ficentration levels exceeded
65 °C or 20% respectively. This process was undertdiensing the “Sandberger
ST 300" (turning equipment) pulled by a 90 HP toaciThe front-loader (165 HP)
was used to reshape the pile after which a “Top(f&&ce) sheet was used to cover

the windrow.

Figure 3.6: Preparation of the Turned Windrow pile
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3.3.6 Forced-Aeration (FA) Technology
This method used an electrical “DIETZ-Mortens” Radéientilators (controlled
intermittently by timers; Timer ON — 2 min. and T@emOFF -15/30 min.) with a
specified maximum flow rate of 18fmin and power rating of 0.4 kW. Air was
blown through 101.6 cm diameter perforated pipes woles of about 2.50 cm and
spaced at 300 mm on a pipe length of 3.00 m. The was mounted with the
following dimensions; 4 m x 2 m x1.5 m (LxBxH). Tipde was mounted a day
after turning the mixture. Wood shavings from aalowood processing facility was
used as bulking material to facilitate even aitrdhstion at the bottom of the pile
and also prevent feedstock materials from blockivegperforated holes. The blower
was covered with a metal can to protect it fronmravhile the fleece was used to
cover piles to prevent excess drying or precigtati

Each feedstock pile was inoculated with a commeiseculant “SoilTech
solutions starter” which was found to contain doanin Bacillus spp. and
Corynebacterium sppnicroorganisms. This was usedth the aim of hastening
degradation of organic matter and preserving misiewhich is consistent with its
use at the VREL site. The powdery “SoilT&¢hsolutions starter” was dissolved in
the proportion of 500 g in 40 L water, and mixedhweach primary feedstock pile
(dimension of 2.0 m by 50 m by 1.5 m), which wa®&dl twice to facilitate uniform
mixing of inoculum. This inoculated pile was thersed in setting up the

experimental piles for monitoring and analysis.
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(b) Forced-Aeration pile covered with a Topex fleece

Figure 3.7: Construction of the Forced-Aeration (FA pile

3.3.7 Replication of Piles

As reiterated by some Authors investigating in #nesa (Sundberg, 2005; Bati al,
2000; Benitoet al, 2009), no replicate piles were formed becausthefrelatively
larger scale of the experiment (at pilot scale,li@-2000L); and limited funding to
undertake a wider range analysis of parameterss,Timuimplementing stratified
sampling and properly mixing the samples to formepresentative sample before

transporting to the selected laboratories for as®sdywe reckon, as with supporting
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literature will satisfy the integrity of the datdtained. A number of researchers
have reported that running experiment at pilot al cale can be expensive,
sometimes difficult to control and may limit re@igon (Bariet al, 2000; Sundberg,
2005; Zhu, 2006; Mason, 2007; Szastal, 2007; Benitcet al, 2009). Indeed,
work by Fernandeet al (1994), showed that identical composting pilgdicated
under passive aeration demonstrated that parameterstored can have high
reproducibility. However, the experimental designl et have been elaborated with
specifications (composition, dimensions and picturand relevant references to

allow for replication by other researcher.

3.4 Field Sampling and Measurements

The turnover on Organic Matter and Nitrogen mayywaith feedstock, aeration
mechanism and size of the composting set-up. The4l®eeks of monitoring was
adapted to able the study clearly differentiatevben the active composting periods
(temperatures> 45°C) and the maturation-curing period (temperatured5C).
Sampling intervals for abattoir composting was eamtohg at 14days intervals,
because of the size of the piles and the initialstnees control adopted for this
study. Increasing the sampling time would have riated with temperature
development because of cooling effect from the amtbair due the rate of mass
reduction accounted for by the frequent samplind amisture level between 55-
75%. However, in the case of river reed compostimg size of pile (field-scale) was

relatively large, and could allow for a weekly saimg.

3.4.1 Field Sampling for Abattoir Waste
The most frequent on-site measurement undertakeimgdthis experiment was

temperature. This was performed with the aid oRadtemp” (24”) thermocouple at
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three stratified locations in each pile; top, m&dhd bottom. Samples for laboratory
analysis were collected before moisture adjustmantsmixing of the piles. For the
purposes of laboratory analysis, sampling fromdinatified location were mixed to
form a representative sample for each pile, acaogrior about 2 kg of material.
These representative samples were transferreditdabelled plastic bag and placed

in an ice-chest for transportation to the principhbratory.

3.4.2 Field Sampling for River Reed
For this experiment, the following parameters wereasured; temperature
(measured daily except on Sundays) and gaseousiqisoCQ and CH) on a
weekly basis. Temperature was measured with theofa@ long-stem “Reotemp”
(60.96 cm and 81.28 cm) thermocouple at stratifoedtions. Usually, for stratified
sampling, the top (30 cm from surface of the piteiddle and bottom (30 cm from
the base) were applied to the opposite ends ofetiigth of the piles. The samples
were collected each week with a spade to the defpéiibout 40 cm across stratified
locations. The samples were mixed, coned and epeatto obtain a representative
sample of about 2 kg, standard sample handlingopobtas in the case of abattoir
waste composting was adopted.

This was followed by analysis of gas concentrationte composting piles.
The gas analyses were conducted using portablee®@8R2-DO” which has high
sensitivity for detecting even low concentratioriscarbon dioxide (Cg), methane
(CH,;) and Hydrogen sulphide ¢8). The instrument had an accuracy of 3%,
measured C®and CH over a range 0-100%, ang$lover a range of 0-2000 ppm.
Granules of Potassium Chloride (KCI) and filtersevplaced in gas collection tubes
to filter and prevent moisture and dust from enigrihe analyser to avert possible

damage or potential errors in analyser readings.
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3.4.3 Sample Handling, Processing and Storage

Chemical analyses were performed at different kafooies due to logistic
constraints. These included: the Department of Ssience (KNUST), the
Department of Civil Engineering (KNUST), the Soik$earch Institute - Council for
Scientific and Industrial Research (SRI-CSIR) innkasi; Ecological Laboratory
(Ecolab) University of Ghana, Legon- Accra; and tBepartment of Civil

Engineering- University of Western Ontario.

Mixed samples were divided into two fractions foetvibasis and air-dried
processing. Wet samples were homogenised in a Alyataboratory blender or a
kitchen blender prior to storage @C4or frozen (-4C) prior to analysis or directly
used in the determination of pH, electrical contltyt moisture content, organic
matter, and ammonium-nitrate ions. For air-driechjgle processing, samples were
air dried for about 5-8 days, pulverized in a hamm@l and sieved to about 1-2mm
particle sizes. Parcelled air-dried and pulverizathples were kept in plastic bags

and correctly labelled for use in the laboratorglgses.

3.4.4 Physicochemical Analyses of Samples

The compost monitoring parameters were selectedngible the study measure
process efficiency based on: potential pathogeitization (using temperature and
its models), turnover on Organic Matter (OM); twapon Total Nitrogen; product
quality based on EC and other macro nutrients; lzeelyy metals concentrations.
Other parameters measured enable were used todmsitors to explain why a
particular phenomenon occurred at a period or avength of period of monitoring.
Parameters monitored included: pH, Electrical Qmtigity (EC), Moisture
Content, Organic Matter, Total Carbon and Totafdgien (TN). However, because

of the putrescible nature of the abattoir wasteldtmck, Total Nitrogen, using the
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same Kjeldhal method, was determined on wet basis eorrected with the
respective moisture contents. Concentrations ad$3aim, Calcium, Magnesium and
phosphorous using ignited (ash) samples were detedrat week O and 12 for
abattoir waste composting. However, concentratmfnBotassium and Phosphorous
were determined in the river reed compost pilesklyee Further analysis was
conducted to determine metal content (such as i Z@, Cd, Pb) with the air dried
compost materials using the inductively coupled spla optical emission
spectrometry (ICP-OES). The analytical methods egga in the analyses of

compost are summarized in Table 3.2.

3.4.5 Determination of Concentrations of K, Ca, Mg and aANable P
Concentrations of K, Ca, Mg and available P for tma waste feedstock and
compost were determined calorimetrically using 0.Hvhmonium acetate as
extraction solution at a pH 7.0 on about 10g ofedsbompost samples which was
followed with ammonium paramolybdate and ascorloid solution to determine P
(Soil Conservation Service, USDA 1972; Negassisal, 2001). Standard solutions of
0, 0.8, 1.6, 2.4, 3.2 and 4.0 mgP/l was preparediloying appropriate volumes of
the 10 mgP/| standard stbstock solution. These standards were subjectedltur
development and their respective transmittancesl raa specified above. A
calibration curve that plots concentrations of knowstandards against the
instrument’s response (absorbance or transmittam@s used to calculate the
concentration of elements, in this case P and K.

Ten millilitres (10 ml) of the filtrate was pipettanto a 25 ml volumetric
flask and 1 ml each of molybdate reagent and reduagent were added for colour

development. The percent transmission was measairé@0 nm wavelength on a
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“spectronic 21D” spectrophotometer. The concerdratof P in the extract was

obtained by comparison of the results with a stechdarve.
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Table 3.2: Summary of analytical methods for compdscharacterization

Parameter Matrix Measurement Method Reference
pH and EC Compost/soil  Electrode meter Water ekabfl:5; wiv) Diazet al, 2002; Faithful,
2002; Meunchangt al, 2005
Total carbon Compost Thermo-gravimetric (100-ash9¥ or Eltra CS 500 Wet al, 2000; Barringtoret
al., 2002; Haug, 1993
Organic Matter Compost Thermo-gravimetric Furnaces°C Faithful, 2002
Dry matter Compost Thermo-gravimetric Oven drying.@5°C Faithful, 2002
Total Nitrogen Compost/soil  Reduction, distillatidritration Mineralization with conc. $$0, and Faithful, 2002; Okaleboet
distillation using the Kjeldhal methodal., 2002)
Total P and K Compost/soil  Titrimetric/Colorimetric Ammonium Acetate extraction Negasgal., 2001
Total Ma and Ca Compost/soil  Titration Colorimetri Ammonium Acetate extraction Negastal, 2001
Ammonium-nitrogen Compost Reduction and distillatio2M KCI extraction and distillation Faithful, 2002
Titration with alkaline MgO
Nitrate-nitrogen Compost Reduction and distillatior2M KCI extraction and reduction Faithful, 2002
Titration with Devarda’s alloy
Total phosphorus (P) Compost Spectrophotometer arduded extraction with acid followed by Faithful, 2002; Okaleboet
Couple Plasma (ICP) spectrometercolorimetry or ICP-OES al., 2002; uUscC and
USDA*, 2001
Total Potassium (K) Compost Flame photometry or ubedl extraction with acid followed by Faithful, 2002
Couple Plasma (ICP) spectrometerfflame photometry or ICP- OES
Heavy metal Compost/soil Induced Couple Plasma )ICRr-dry sample digested with HNO Faithful, 2002; USCC and
Optical Emission spectrometer  +H,0, and determined by ICP. USDA?*, 2001
Bulk density Compost/soil  Wet-basis, gravimetric lilrated bucket of 17 L

*The US Composting Council and the United Statepdd@nent of Agriculture
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Observed transmittance (T %) of P was convertebgsmrbance using the expression
2-logT, which was matched with its correspondingiaanmtration on a calibration
curve.

i Graph reading X 20 X 25 X Ash content
Available P (mg/kg) =

weight of sample(g) %X Aliquot

Potassium in the sample extracts were determinedidoye photometry.
Standard solutions of 0, 2, 4, 6, 8 and 10 mg/lewsepared by diluting appropriate
volumes of 100 mg/l K solution to 100 ml in volumetflask using distilled water.
Photometer readings for the standard solutions determined and a standard curve
constructed. Potassium concentrations in the gbihet were read from the standard

curve.

Graph reading X 100 X Dilution% X Ash content
Exchangeable K (cmol/kg)=

weight of sample(g)
Where:

w = sample of weight in grams (insthase 10.00 g)

Aliquot = initial sample solution wwhe (in this case 10 ml)

20 = ml extracting solution

25 = ml final sample solution

Ash content: is a fraction is of ash in dry taabf sample with time
Titre values of calcium (Ca) and magnesium (Mg) eveetermined with 0.02N
EDTA. Calcium and magnesium were evaluated as;

Exchangeable Ca (cmol/kg) Titre of Ca X 2 X Ash content

Exchangeable Mg (cmol/kg)H'itre of (Ca+ Mg) — Titre of Ca] X 2
X Ash content

Titre: volume of equivalence to reach indicativagd (ml)
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3.4.6 Determination of compost pH

The pH values of various set-ups of compostingspivere determined. The pH was
measured using a digital pH-meter in a 1:5 (w/\tjaot of compost material to water
ratio. About 10.0 g of each of the material wasghed into a 100 ml beaker and 50
ml of distilled water was added, stirred for 30 otgs and was allowed to stand for
30 minutes. The electrode of a standardized pHime#s inserted into the settled
suspension after which, the pH values of aliquoteanead from the pH scale and

recorded (Faithful, 2002).

3.4.7 Electrical Conductivity (EC)

Electrical Conductivity of the sampled compost matewas measured using the
same aliquot made for pH determination. The eleaitrconductivity meter was

calibrated with a KCI reference solution. The caortoiity electrode was inserted

into the supernatant and electrical conductivitgdiag was taken for each sample

(Faithful, 2002).

3.4.8 Moisture Content and Volatile Solid

Moisture Content or total solids in the pile matrigre determined for all samples at
105°C using digital ovens (Gallenkamp SANYO OMT Ovea) &bout 10 or 20 g of
representative sample. Consequently, volatile s@ido known as the Organic
Matter — OM) fraction was determined from the owlp- samples, using a
“Nebertherm” digital furnace which was set to &50for 4 hours in porcelain
crucibles. Losses of Organic Matter (OM) were claltad according to the following

equations (Paredes al, 2000):

(100 — OM,) X OMt}

OM Loss (%) = 1009 —100{
oss (%) % (100 — OM,) x OM,
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Where,OM, andOM; are the initial and dynamic percentage Organictédatontents
for a sampling time, respectively. Thus, fittingaayeneral first order kinetic decay
model:

OML = OMLy(1 — e~kt)
where OML is the remaining mass (%), Obthe potential residual mass (%), k the
decomposition rate (weékand t is time (weeks). Generally, nutrient lossashless

basis during composting was evaluated accordirfBaocede®t al, 2000).

Y loss = 100% — 100 {_Xoxyf};

X[Xyo
whereX, andX; are the ash concentrations at time = 0 and timerdYyandY; are

the nutrient (parameters) concentrations at tiffeand time = t respectively.

3.4.9 Determination of Total Carbon in Soil and Compostdterials
Carbon content of samples for experiments condueteNUST, Kumasi was
determined by dividing the volatile fraction by 3.@arringtonet al, 2002). Carbon

was therefore expressed as:

(100 — %ash)
1.83

The experiments conducted on the VREL project terdeine Total Carbon were

Percentage Carbon, C % =

measured using afkEltra CS 500" carbon/sulphur analyzer, calibratedan equal
mass of calcium carbonate (Cag§)CResults are reported as means of at least three

replicates, unless otherwise stated.

3.4.10 Determination of Total Nitrogen, Phosphorus and Rasium
In the determination of Total Nitrogen 1g of eadil sample was weighed into a

digestion tube (APHA, WPCF, AWWA, 1995; Okalebbal, 2002). A volume of
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2.5 ml of conc. HSQO,, selenium and salicylic acid mixture was addedht tubes
and then digested for 1 hour. The digestates wie/ed to cool and followed by
the addition of 2.0 ml hydrogen peroxide. The migtuwere then digested further
for 30 minutes. After this, the digestates wereeffédd into 100 ml volumetric flasks
and made to the mark with distilled water.

A 5.0 ml aliquot of each digestate was pipette@ ifiesh digestion tubes
followed by the addition of 5.0 ml of 40 % NaOH.50 ml aliquot of a mixture of
2% boric acid and methyl blue indicator was measunéo 100 ml conical flasks.
The digestates were then distilled and the dist#lavere collected into the boric acid
and methyl blue mixture in the conical flask. Thstidate was then titrated against
0.01M HCI. The Total Nitrogen concentration of t@mpost was calculated using
the formula below:

_ (a-b) x Molarity of acid Xx Mw — N X v x 100
% TKN in compost= -
w X vol.of aliquot x 1000

Final volume of the digestate)( 100 ml
Weight of the sample taken in gramg:(0.1 g
Aliquot of the solution taken for analysis: 5 ml
Molarity of acid: 0.01N

Molar weight of Nitrogen: 14.0 g/mol

For available Phosphorus, in the river reed pife8, ml of the supernatant
(aliquot) was pipetted into a 50 ml volumetric Ra3he pH of the solution was then
adjusted by adding two drops of para-nitrophendicator and a few drops of 4N
NH4OH until the solution turned yellow. Eight (8) mf ammonium molybdate-

ascobic acid solution - (NjEM070,4.4H20) was added and made to the mark with
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distilled water. The solution was mixed thoroughiy shaking and allowed to stand
for 15 minutes for blue colour to stabilize. Theeimsity of the blue colour was
measured with Spectrophotometer at a wavelengtidinm (Okalebet al, 2002).
The following formula was used for the calculataimavailable P in the compost.

Meter reading X v X 100
w X aliquot X 1000 x 1000

P in sample (%) =

Total Potassium (K) was also determined, for theerrireed piles, after
pipetting an aliquot, from the total Kjeldhal nigen solution into a 50 ml volumetric
flask. The volume was made up to the mark and édshto a “JENWAY PFP7”
flame photometer to measure the concentration.sBiotaa concentrations present in
the solution were read from the calibration curvepared by plotting absorbance
readings against potassium concentrations in grelatrd series.

corrected concentration X v X f X 100
w X 1000 x 1000

K in sample (%) =

Where:

Corrected concentration of P in sample (mg/l) =glameading — blank reading
v: volume of the digest = 50.00 ml

Aliquot =10 ml

f : dilution factor and

w: weight of the sample taken =0.10 g

3.5 Data Analysis
Analysis of Variance using GenStat3 was employeddé&ermine significant
differences among treatment meaData on parameters sampled or analysed in the

laboratory were conducted in triplicates and presgtand analysed as means of the
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triplicate samples. Treatment mean differences were generally detexnivy the
LSD (least significant difference) at 5% level dfrsficance. Correlations and
regression models were used to examine the refdips between measured
parameters and goodness of fit expressed in tefnits cesidual (B). Generally,
descriptive graphs and related data analysis ange diitings were conducted with
the SigmaPlot 10.0 functional tools. Initial pardemevalues, in the case of
temperature analysis, were set to according togthdeline provided by Yt al
(2008). Estimation of area under a graph was padrusing Matlab 7.0.1 as a

platform (Appendix D1). Plots of graph were mad&i8-Excel and SigmaPlot 10.
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CHAPTER 4 : RESULTS AND DISCUSSION

This chapter contains results and discussion om daflected for the thesis
categorized into two main sections: Abattoir wastemposting (feedstock
formulation or turning frequency); and river reedngosting (effect of aeration

technology). This Chapter also compares results oitter relevant literature.

4.1 Feedstock Characterization for Abattoir Waste Compating Experiment

The physicochemical characteristics of the compbfesdstock material used in the

compost pile formulations are presented in Talle 4.

Table 4.1: Physicochemical characteristics of compent feedstock material

Parameter AW MW CSwW YTW CPH SW

MC (%)  8231(1.22) 63.11(10.33) 17.20(1.05) 3780 67.77(8.32) 13.54(0.46)

OM (%)  69.47 (0.65) 70.91(1.92) 82.19(1.05) 67.5B@) 71.04(0.21) 84.04(0.19)

TC (%)  37.96(1.03) 39.3(0.88) 47.51(1.37) 36.90(1.02) 39.91(0.01) 47.21(0.88)

TN (%)  2.10(0.07) 1.77(0.04) 0.51(0.09) 1.40(0.05) 1.71(0.06) 0.06(0.01)

C/Nratio  18.16 (1.18) 22.0(1.26)  92.94 (2.06) 2B.41)  23.33(0.24) 366.67(0.67)

pH 7.41(0.33) 5.60(0.41) 5.67(0.05) 6.61(0.18) ©8%) 6.56(0.15)
EC 3.45(0.06) 3.64(0.05) 1.22(0.08) 2.81(0.03) 3.16(0.04) 0.51(0.03)
(mS/cm)

AW-Abattoir Waste; MW-source separated Market Was@SW-Corn Straw/Cob
Waste; YTW- Yard Trimming Waste; CPH-Cocoa Pod H&W-Sawmill Waste.
Note: Numbers in parenthesis represent standaidta@vof three replicates
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Abattoir waste used as the main substrate forgbgion of study had the highest
mean Moisture Content (M.C) of 82.31%. Mean Moist@ontents of the bulking
agents (CSW and SW) were less than 20%. Howevesnrdrganic Matter content
(OM) for the analysed materials ranged between@&84604% of dry matter. The
highest Total Nitrogen content was realized in &liatvaste (mean value of 2.10%),
whiles the lowest mean nitrogen content noted in 8i¢an value of 0.06%).
Whereas Abattoir waste, Market waste, corn stovessawmill waste were acidic;
Yard trimming and Cocoa pod husk recorded alkahitb pH. The highest electrical
conduction was observed in the MW, which depictsgh ionic concentration; this

concentration level does not form a basis for pioyicity.

Table 4.2: Physicochemical characteristics of foroiated compost feedstock

Sample/Properties AMYC ACC ACS
MC(%, wh) 65.73(4.31) 76.37(1.65) 75.81(3.80)
OM(%,db) 71.50(2.78) 68.44(2.61) 65.76(4.22)
TC (%, db) 39.07(1.52) 37.40(1.43) 35.94(2.30)
TN (%,db) 1.54(0.17) 1.62(0.09) 1.58(0.12)
CIN (db) 25.63(3.42) 23.10(1.70) 22.92(3.05)
oH (wb) 7.28(0.15) 7.38(0.01) 7.32(0.08)
EC (mS/cm; wb)) 2.13(0.14) 1.89(0.27) 1.64(0.30)

AW-Abattoir Waste; MW-source separated Market Was@&SW-Corn Straw/Cob Waste;
YTW- Yard Trimming Waste; CPH-Cocoa Pod Husk; SWvBgll Waste; wb- Wet basis;
*means of three values calculated on the wet &g} or dry basis (wb) unless otherwise
specified

Initial Organic Matter (OM) content of between 65.® 71.50 % of dry matter
(DM); Carbon-Nitrogen (C/N) ratio between 22.9226.63, is within the suitable

range recommended for composting (Haug, 1993; Mag007); and Moisture
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Content (MC) ranging from 65.73 to 76.37 % on wasib (wb) was recorded after
analysis. Moistening of the piles was conductekielep MC during the active phase
of composting above 65%, but less than 80% (togirean anaerobic system in the
piles).Initial Total Nitrogen (TN) and Total Carb@dhC) content varied from 1.54-
1.68% and 35.94-39.07 % (DM) respectively; while @htl Electrical Conductivity
(EC) values varied between 7.28-7.38 and 1.64-2eEpectively on the average
(Table 4.2). These are within the recommended hngaitable for optimal

composting.

4.2 Temperature Profile: Abattoir Waste Composting Expeiment
The temperature characteristics of the feedstoels gAMYC, ACC, and ACS) and
turning frequencies (3DT, 7DT and 14DTare shown in Figure 4.1 - 4.3. The
achievement of a thermophilic phase was observesbime piles, while other piles
showed a dominant mesophilic phase over the mamgiqreriod; a period of 93 days
for feedstock ACC and ACS, 83 days for feedstock YKl

In measuring performance, the areas bounded btethperature-time profile
and reference temperatures of 40 andG®Haselines, & and As (Appendix D1),
the times for which these temperatures were exceégleand &s), and times to
which temperatures peaked were determined (MasdrMvilike, 2005). The generic
characteristics shape for temperatures formed enstock AMYC and ACC and
their respective turning frequency regimes showiedlarities to generic profiles,
while that of ACS and its respective turning freacies showed differences to

generic profiles.

1 3DT: 3 days turning frequency; 7DT: 7 days turnireguency; 14DT: 14 days turning frequency
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Figure 4.3: Temperature profile observed in ACS teatments

The temperature-time profiles for the composting abfattoir waste under the
aforementioned treatments (feedstock and turnieguiency) are presented in Table
4.3. Peak average temperature values recordedhigitest (61.7C) in AMYC at
3DT, in week 4. On the other hand, low peak vahaemjing from 41.3 to 54.6C
was recorded in feedstock ACC and ACS. The longesibd taken to reach the
peak value was observed in treatment ACS atl4D&. AMYC treatments were the
only mixtures that were able to reach or exceetC36mperature reference. Tiquia
et al. (1996) reported low temperatures and microbiaivigtin composting piles
maintained at 70% MC as compared to those mairdaané0 & 60% MC during
composting of pig manure-sawdust litter. Generatllgan be said that small compost
piles are often characterized by lower temperaturesomparison with large
compost piles because of higher heat losses inl pited. The low peak temperature

values observed could be attributed to the sizbepiles.
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Table 4.3: Temperature profile parameters in abatbir composting study

Indicator Unit AMYC ACC ACS

3DT 7DT  14DT  3DT 7DT  14DT  3DT 7DT  14DT
Initial °C 55.3 52.7 50.0 47.0 48.3 51.3 33.0 35.3 36.6
Peak Temperature °Cc 61.7 56.0 56.7 54.0 49.3 51.3 45.3 41.3 48.3
Time to reach peak d 4 1 4 2 6 5 19 1 20
Period above 55C, tss d 5 5 2 0 0 0 0 0 0
Period above 40C, ty d 23 32 37 25 23 24 20 6 12
Area above the 58C, Ass  °C-d 18.3 6.3 1.6 0 0 0 0 0 0
Area above the 40C, A4 °C.d 227 236.5 180 217.7 82 124.7 7.3 2.7 26.0
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To improve compost sanitization potential in thesedies, moisture content may
have to be set within 55-65% to facilitate bettasgive aeration in piles. Also, an
increase in pile size to improve heat retention m@Eye beneficial in improving the
temperature-time characteristics to ensure bet#inggen sanitization, which is a
very important factor for composting process eéfiy. The temperature-time
profile for the selected feedstock formulation aaoching frequency recordeds§
values of between 2.7 to 236.6°C-days (AMYC-7DT>AMY-3DT>ACC-
3DT>AMYC-14DT>ACC-14DT>ACC-7DT>ACS-14DT>ACS-3DT>AG%DT,

see Table 4.3 above). Also, evaluation ef Yalues revealed that piles AMYC-3DT
AMYC-7DT and AMYC-14DT were the only treatments oeding values above 0
(i.e., 18.3, 6.3 and 1.6C-days respectively). Indeed, the temperature-time
characterizations of the self-heating piles indidatat feedstock AMYC had a better
thermophilic activity and potential pathogen eliation compared to the other
feedstock formulations.

These values were much lower compared with theackexistics of full-scale
pile set-up. The pilot composting of abattoir wasieowed temperature-time
characteristic in the resemblance of laboratorylesexperiment, 4 and As,
published by Mason and Milke (2005). Values evadatare within the range
reported for laboratory-scale reactor or smalltpégperiments: 4 values ranging
between 68 - 31%C-days, As values between 0 - APC-daysop cit The time period
of t40 Of 6 - 37 days was recorded for the nine treatsewvihile that of 4s measured 5
days in AMYC (3DT and 7DT) and 2 days in AMYC-14DTime above the 46C
reference temperature in treatments (AMYC, ACC A@B-3DT) exceeded values,
6 - 16 days, published by Mason and Milke (2008} &s values of the understudied

treatments were within range approximately, 0 aysd
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Table 4.4: Non-linear regression for temperatureitme series in composting piles

Parameters*  Units Initial AMYC ACC ACS

3DT 7DT 14DT 3DT 7DT 14DT 3DT DT 14DT
To °C 20 35.000 27.843 29.308 @ 23.875 28.758 29.151 021.726.713 25.415
Tw °C 10 30.221 29.958 24.868 39.513 24475 24932 408.314.793 14.732
Ky d* 0.01 1.000 1.000 1.000 1.000 1.000 1.000 1.000 001.0 1.000
tw d 1 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010.010
T °C 10 16.376 23.677 27.399 18.726 29.672 17.741 89.3723.128 12.920
Ky d* 0.01 1.000 0.211 0.196 0.279 0.241 0.413 1.000 050.1 1.000
tr d el 0.010 17.839 18.896 11.237 10.887 12.961 15.643.888 14.704
Tc °C 10 53.769 55.000 55.000 54.987 55.000 43.914 4B7.255.000 22.784
ke d* 0.05 0.070 0.084 0.078 0.087 0.104 0.082 0.301 270.0 0.115
tc d 30 3.051 17.839 18.896 11.237 10.887 12.961 B8.862.240 19.788
R 0.975 0.965 0.952 0.976 0.958 0.954 0.913 0.876.9510
re 0.950 0.932 0.906 0.953 0.919 0.910 0.834 0.768.905%0
No. of Iteration 27 20 15 27 30 15 21 20 22

* T=TotTutexp (-exp (46*(t-tu))) +Trexp (-exp (K*(-tr)-Terexp (-exp (HX(tt)
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Yu et al (2008) indicated that their statistical model Idonot accommodate
discontinuous data such as those from composs thal involved turning and/or re-
mixing. However, this work, in testing the modelvgagood fits to describe the
temperature-time series during a composting protiessinvolved turning (Figure.
4.4, Table 4.4, and Appendix D2). The summarizedhipaters of the non-linear
regression evaluated to describe the temperataeegrofile in the piles resulted in a
regression co-efficienf between 0.768 and 0.953 (Table 4.4). This modstritees
the biological activity of the piles. The parameté€s describes the temperature at
the start or end of the temperature profiles (Yalgt2008). The study revealed that
treatment AMYC-3DT recorded that highest modelieitial temperature of the pile
(35.0C), whiles ACS-3DT recorded the lowest temperanifréhe pile (21.76C).
Treatments AMYC, 14DT and AMYC-3DT achieved thehegt initial temperature
of 30.717C, 27.958C and 35.08C respectively in the model (Table 4.4).

The maximum mesophilic heating coefficiekf)(and time when maximum
mesophilic heating rate occurs)(were all similar with examined treatments (1 d
and 0.01 d respectively). Thus, mesophilic tempeeatontribution to the overall
pile temperature profile started at the beginnirigth® pile set-up. The highest
heating potential of the mesophilic stagg)(modelled were achieved in treatments
ACC, 3DT and AMYC-3DT (29.6%C, 29.358C and 30.22°C) respectively above
the start or ambient temperature). These werehigeest mesophilic microbial
contribution to temperature increase above ambiemtperature with respect to
treatments. The highest maximum temperature ineseagbove a mesophilic
temperature plateau stage (TT) were observed atnents AMYC, 7DT and ACC-

7DT (22.484C, 24.493C and 29.67°C respectively). The highest maximum
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thermophilic heating coefficientskj were observed in treatment ACS, 3DT,
AMYC-3DT, ACS-3DT and ACS-14DT respectively).

Treatments ACC, 3DT and AMYC-3DT recorded the fsistene at which
maximum thermophilic heating raté)( occurred at 11.695 days, 8.875days and
0.010days respectively. These values also indi¢tht#¢ these treatments had
relatively shorter lag time to reach their respectnaximum thermophilic potential,
as a result of thermophilic microorganism growth a@ration of the piles. The
modelled cooling potentialT() which is the difference between the combined
maximum temperature and the ambient or startingpégature [{o+ Ton+ T - (To);
or T.m + TJ-indicates the magnitude of temperature drop fribma time of
maximum activity to compost maturity. These coolpigenomena also demonstrated
the extent of microbial decay, which would haveeotVise promoted bio-oxidation
and generate heat (Yu, 2007). The highest coolmefficients were realized in
treatments ACS, 3DT, ACS-3DT. This could be aittrélal to the high moisture
contents with respect to the feedstock composiaidhe treatments.

The results points to the fact that frequent tgn(BDT) of the piles after
they have reached their peak values may facildat#ing than bio-oxidation. In this
study the time when maximum cooling occurréell €ither coincided with the time
when maximum mesophilic heating rate occtyg,((t. > tn.). This observation may

vary with other treatments.
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4.3 Effect of Feedstock Mixture on the Temperature Prafe, Degradability
and Nutrient of Abattoir Waste Composting
4.3.1 Effect of Feedstock Composition on Temperature
The ANOVA demonstrates that there exists a highi@ant difference (p < 0.001)
in temperature between treatments during most péttse composting process. The
ANOVA results presented in Table 4.5 shows that mianperature readings at
week 0, ranged between 35.0 - 8Z2Awith AMYC > ACC > ACS. A significant
difference (p < 0.007) in temperature between A@Q the other treatments was
observed in the transition period of week 6 of ¢bhenposting process. None of the
treatment achieved a thermophilic temperature repd>40C) at or after the
transitional stage; the thermophilic temperatuneetphase of feedstock used in the
study were relatively shorter compared to othereexpent with relatively large pile
sizes (Britoet al, 2008). Temperatures recorded at the final stdgeomposting

were slightly above the ambient temperatures rexbdiiring the process.

Table 4.5: Effect of feedstock composition on tengpature changes

Feedstock Week

0 2 4 6 8 10 12
AMYC 52.4 45.8 41.4 32.8 28.6 27.4 26.4
ACC 48.9 45.1 37.9 30.9 28.8 26.7 28.0
ACS 35.0 384 34.2 32.9 31.3 29.7 294
LSD 5.920 2.319 2578 1.293 0.762 0.426 0.972

p-value <0.001 <0.001 <0.001<0.007 <0.001 <0.001 <0.001

LSD for comparing means at the same level of treatr(6% level of significance): 0.739

Temperature evolution is considered an indicatanmirobial activity during

the composting process, and can be used to estimatend of the bio-oxidative
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phase (Haug, 1993, Yet al, 2008). Bio-oxidation with respect to feedstock
composition was more pronounced in treatment watkily biodegradable material.
This was observed as prolonged thermophilic tentpeya recorded. Thus, AMYC
and ACC could be said to have more easily biodegpigdmaterial or as per its
constituents (sugars, Cellulose, hemicellulosegnini etc.) there is a potential
residual amount of TC constituents (in the formhemicellulose, cellulose and
lignin) which varies bio-oxidation rate and it ctarsts between different mixtures
(Haug, 1993; Eklind and Kirchmann, 2000). This mlagy coupled by a high
microbial activity due to good balance of initialNCand MC. Thermophilic
temperature developed poorly in feedstock mainthimeove 70% (wb) during the
active phase and after, and this was comparableth& initially low organic matter
levels.

Due to the relatively smaller size of the pile &hd cooling effect of the
environment, temperatures did not exceedCéthowever the optimum of o)
(Larneyet al,, 2000; Sundberg, 2005; Mason and Milke, 2005;eYal, 2008) was
achieved in treatment AMYC and ACC only. As expédrby Goyalet al, (2005)
and Shawet al. (1999), feedstock composition influences the maxmemperature

reached or temperature pathways during composting.

4.3.2 Effect of Feedstock Composition on Electrical Coniivity

Apart from the type of feedstock composition shaysignificant effect on the EC

values monitored; it is quite vivid that the soussparated market waste (MW)

contributed to this effect. Market waste analysetbite composting had the highest

EC of 3.64 mS/cm among the materials used for dnepost feedstock formulation.
A highly significant difference in EC values wassebved among the

feedstock formulation in most stages of the compgsprocess. Notably, this was
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also observed with respect to turning frequencyweier, the EC values analysed
based on the effect of feedstock composition gdigeirecreased with time (Table
4.9). Since electrical conductivity gives indiceti of the nutrients level of the
compost matrixes (Joneg al, 2009), mainly derived from the constituents o t
feedstock, the significant differences recorded rgroeatments is attributable to the
differences in feedstock compositions (AMYC>ACS>ACEee Fig. 4.5). This
ranking is also reflected in the moisture contehtth® treatment; the lower the
Moisture Content (MC) the higher the EC values (2anet al, 2010). The EC
observed in the final compost pile did not excdel4mS/cm limit on phytotoxicity
recommended by Lin (2008). The highly significdifference and relatively higher
values recorded with feedstock AMYC could be assait of the higher presence of
vegetable and animal tissues in the pile (ZmorauNahet al, 2007; Appendix

Table E3).
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Figure 4.5: Effect of feedstock on Electrical Condctivity (EC, mS/cm)
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4.3.3 Effect of Feedstock Composition on pH

Hydrogen ion concentration (pH values) examinedhim treatments for feedstock
composition indicated that feedstock had highlysigant effect (p < 0.001) on pH

at every stage of the composting process. ContapH values observed in most
biowaste composting, where pH at the beginninghef tomposting process are
relatively acidic (Sundberg, 2005), the feedstamkriulations in this study recorded
slightly neutral to alkaline initial pH values. Mwralkaline pH conditions were
observed in the various formulations during thengional phase (Fig. 4.6;

Appendix E5); an indication of the breakdown ofamig acid in the substrate and
the decomposition of nitrogen-containing organidterdeading to the accumulation
of NH3 that dissolves in moisture to form alkaline NHParedeset al, 2000;

Sanchez-Monederet al, 2001; Wonget al, 2001; Sundberg, 2005).
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Figure 4.6: Effect of feedstock composition on plduring composting
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4.3.4 Effect of Feedstock on Moisture Content

The highest mean Moisture Content (MC) recordednduthe composting process
was 76.37%, occurring in feedstock composition A @eek 0 (Fig. 4.7; Appendix
7). A significant difference (p < 0.001) in MC walserved in different treatments at
week 0. Feedstock compositions ACC and ACS in nuasies recorded higher
Moisture Content as compared to AMYC. At the fieEige of composting there was
a marked difference between all the treatments (p0§). Lianget al (2003) and
NRAES (1992) reported that maximum microbial atiéd were provided by MC in
the range of 60—70%. Britet al (2008) observed a decline in temperature with MC
of about 75%; a high MC is critical, and could irdpeeffective composting to

enable oxygen diffusion into the pile to mainta@mabic microbial activity.
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Figure 4.7: Effect of feedstock on Moisture Conten(MC, %)

Moisture in some cases, due to low water holdingacdy of feedstock
material used (either as a substrate, amendmebtlking agent), may reduce air
space in treatments and impede oxygen diffusiorhis Ts able to reduce bio-
oxidation, and Slow down OM and carbon degradaitiooompost pile (Ahret al.,
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2008a; Richarebt al, 2002). This is indicative of the low thermopbitemperatures
observed within the first few weeks of compostingtreatment ACC and ACS. The
presumed higher potential water-holding capacityH@Y of feedstock AMYC and
ACC may be contributing to the piles’ ability to m&in high moisture content. Ahn
et al. (2008a) reported a higher WHC for wood shavingvstor stalks whereas that

of soil, compost, litter leaves were found to be.lo

4.3.5 Effect of Feedstock on Organic Matter Content
Highly significant (p = 0.009) differences in OrganMatter (OM) level were
observed in the various feedstock formulation$atstart of the experiment; and this
was found between AMYC and ACS. Generally OM lewddcreased with
composting time (Table 4.6). No significant diffece in OM levels were observed
between the different piles of different feedstamkmposition at the transitional
period of week 6. However, at the end of the prsiogsperiod, a highly significant
difference (p < 0.001) was observed between AMY@ AGC. Organic Matter loss
resulting from the study ranked AMYC > ACC > ACSiiwlosses ranging between
51.47-71.90%. Thus Organic Matter turnover or degtian was higher AMYC than
the other feedstock. Zhet al (2004) reported organic matter degradation varyin
from 64.53 - 67.16% for composting of swine manureder different aeration
regimes. Ogunwandet al. (2008) reported degradation level of between 51.71
62.24% for poultry manure. The results of this expent are also consistent with
reports by Tiquiaet al. (2001), indicating observed degradation or lesse50.2-
64%.

The decomposition of OM to stabilize the compodibfeed T-order decay

kinetics in the case AMYC and ACC; feedstock AC8ofwed a Zero-order kinetic
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model. Similar analysis was conducted by Paredesl (2000) and Benitet al.
(2003), which distinguished the stability of organinatter by comparing the
maximum degradation potential (OMJ)), rate constantkf and their product. With
respect to this study AMYC (OMjax= 92.433%k = 0.1243wK, R? = 0.9743) was
slower in stabilizing Organic Matter compared to @A@OMLma= 52.891%;k =
0.2962wk!, R = 0.9782), which is demonstrated by comparing pheduct of

OML naxandk of these feedstock.

Table 4.6: Effect of feedstock on OM content (%, DN

Feedstock Week

0 2 4 6 8 10 12
AMYC 7150 66.40 63.96 5557 46.70 46.37 41.35
ACC 68.44 61.10 58.00 56.98 52.96 51.33 49.69
ACS 65.76 63.56 62.64 57.19 55.15 48.72 48.24
LSD 3.39 2.04 1.80 2.36 2.54 2.69 3.25
p-value 0.009 <0.001 <0.001 0.313 <0.001 0.005 <0.001

LSD for comparing means at the same level of treatrtsignificance, p<0.05): 2.52

The results of this study showed a higher maximegradation potential and
rate constant compared to studies conducted witinipg waste and spent horse
litter, and olive wastewater (Paredstsal, 2000; Benitcet al, 2009). The different
temperature regimes point to the fact that diffeferdstocks may exhibit different
levels of bio-oxidation, resulting in the evolutioh CO, and heat (Barringtoat al,
2002). Paredest al (2000) found that composition of initial mixtur@sluences
OM degradation and N losses during sludge compmpslihus, the slow degradation
rate experienced in treatment ACS could be assatitat the expected recalcitrant
lignin level in the wood sawmill waste incorporated the formulation of this

feedstock (Solanet al, 2001; Wonget al, 2001).
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4.3.6 Effect of Feedstock Composition on C/N Ratio

During the composting of abattoir waste feedstodth waried composition (Table
4.7), the mean C/N ratio observed decreased bytat®2 - 24.74% (AMYC >
ACC > ACS) from an initial mean value ranging 22:925.62 to 18.73 - 19.29. The
statistics on the effect of feedstock composition @N ratio did not prove any
significant effect at beginning (week 0) of the @msting process (p = 0.092).
However, a significant effect (p < 0.001) was olsedron feedstock composition
ACC, AMYC and ACS at week 6. At the final week aingpling, treatments did not
indicate any significant difference (p = 0.533) sed by feedstock composition on
C/N ratio. The notable recalcitrant lignin in feedstock ACSuldoaccount for its
relatively low change in C/N ratio. The C/N ratioifinal compost provide another
indication of compost stability. The treatment (AKY ACC and ACS) with
acceptable initial C/N ratio (NRAES, 1992; Haug939Larney and Hao, 2007) are
considered to be stabilized and matured when @rratio has decreased below 20

(Larney and Hao, 2007; Sanchez-Monedstral, 2001).

Table 4.7: Effect of feedstock composition on C/Katio

Feedstock Week

0 2 4 6 8 10 12
AMYC 25.63 2217 2487 18.67 20.36 18.77 19.29
ACC 23.10 19.71 20.14 21.37 18.77 18.71 18.73
ACS 2292 2245 21.13 2460 2437 20.66 19.18
LSD 2.73 1.06 0.77 1.39 1.22 1.22 1.10

p-value 0.092 <0.001 <0.001 <0.001 <0.001 0.005 0.533

LSD for comparing means at the same level of treatnb6% level of significance):1.38

4.3.7 Effect of Feedstock Composition on Carbon (C, %)
Feedstock formulation plays a critical role in &simng ideal starting conditions for

composting. The contribution of substrates, amemdsnand bulking material may

93



either increase or decrease the start-up C/N ratithe start-up of the composting
experiment, feedstock AMYC and ACS exhibited a higtignificant difference in
carbon concentration (p = 0.009). Generally, theo@a content in the treatments
decreased across the operation time (Table 4.8).

No significant difference in carbon content waseskied between treatments in the
transitional stage (week 6) of the composting psecélowever, at the end of the
composting process (week 12), a significant difieee was identified between
formulations AMYC and ACC. The carbon loss, on & dree basis evaluated,
ranked the loss as ACC > AMYC >ACS (following fraime trend established with
OM), shows that abattoir waste amended with bical#aple fraction of corn stove,
yard trimmings and cocoa pod husk was more favderaoward carbon
mineralization. This observation indicates that thigerent feedstock may exhibit
different levels of bio-oxidation, resulting in thevolution of CQ and heat

(Barringtonet al, 2002; Beck-Friiet al, 2003).

Table 4.8: Effect of feedstock composition on carlm(C, %)

Feedstock Week

0 2 4 6 8 10 12
AMYC 39.07 36.29 3495 30.37 2552 2534 2535
ACC 37.40 3339 31.69 31.14 28.94 28.05 28.12
ACS 3594 3473 3423 31.25 30.14 26.62 26.68
LSD 1.85 1.11 0.98 1.29 1.39 1.47 1.49

p-value 0.0091 <0.001 <0.001 0.313 <0.001 0.005 0.004

LSD for comparing means at the same level of treatrfitlevel of significance): 1.31

4.3.8 Effect of Feedstock Composition on Total NitrogenN, %)
The effect of feedstock composition on TN at tlatstf the composting process was

not significant (p < 0.326), generally TN decreaséath composting time (Figure
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4.8). Among treatment, there existed a highly sigant difference (p < 0.001) in
TN from week 2 through to week 12. In the transitib stage (week 6) of
composting, TN could be ranked as AMYC>ACC>ACS ledw treatments.
However, at week 12, final sampling week, the oles@TN in the treatments ranked
as ACC>ACS>AMYC comparing the level of TN nutriesbncentration. A
significant difference (p < 0.05) in TN loss wasselved between the treatments
especially with respect to AMYC compared with AC@daACS at week 12.
Feedstock AMYC recorded the highest loss in TN35% ash free basis), compared
to ACC and ACS (41.92% and 41.80% respectivelyuieigt.8; Appendix E9) by the

close of the experiment.
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Figure 4.8: Effect of feedstock composition on Tat Nitrogen (TN, %)

Tiquia and Tam (2002) reported TN losses of betwg&b69% in composting hoops.
Further analysis showed ACC to be followinghotder decay model compared to
AMYC and ACS that were better fitted to a zero-ordénetic decay model

(Appendix E20-22). Thus, in terms of conserving tiiteogen value of the compost,
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AMYC or ACS may serve as better feedstock. Theetation relation between TN
and OM, Temperature or MC, also indicates a pasitdlationship (Table 4.10, page
99). Thus, losses in OM or TC related well with etved losses in TN. Indeed, the
high OM or TC loss in AMYC explains the correspargly high nitrogen loss in
this treatment. Paredest al (2000) found that composition of initial mixtures
influences OM degradation and N losses during ®uctgmposting. Also, the high
pH observed after the transitional phase (weeko@}ributed to the high losses in
TN in the treatment (Sanchez-Monedetaal, 2001; Wonget al, 2001; Sundberg,
2005).

A remarkable increase in percentage loss of TNagmfree basis) observed
during composting could be indicative of atmosphéNi fixation. Total Nitrogen
losses during the composting of a range of diffegarting materials have been
widely reported (Sanchez-Monedegbal, 2001) and were mainly attributed to NH
volatilisation during the thermophilic phase as Iwad to NO emissions through
denitrification by bacteria at mesophilic temperat{Lianget al, 2006). Nitrogen
fixation during composting is less frequent, bus h&en likewise reported (Paredes
et al, 1996; Hatayamat al, 2005; Beauchampt al, 2006). Nitrogen fixation
tendencies noted for occurring during the thermiapphase when the Nfi content
was suspected to be low (Paredéesl, 1996; Cayuel@t al.,2009) is likely in this
experiment, especially for ACS. This suggests Thitcould have become a limiting
factor, and may have resulted in the growth ofogién fixing organisms. In this
study, the feedstock composition affected the géro conservation or loss of

abattoir composting.
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Figure 4.9: Nitrogen losses in formulations duringcomposting

4.3.9 Effect of Feedstock Composition on Ca, Mg, P and K

The ANOVA on the concentration of Ca, Mg, TP and dé&monstrates that at week
0, only Mg, Ca and TK recorded a significant (p €903 variation in means.

However, at the final sampling period, only TP meleal a significant variation (p =

0.022) in mean. This could be noticed betweenrreat AMYC versus ACC and

AMYC versus ACS. Phosphorous in AMYC recorded tighast value of 20.1 g/kg,

although treatment AMYC recorded the least conegiomm in TP at week 0 (Table
4.9).Feedstock composition influenced the concéatraf TP in the treatments and
this could be attributed to the bio-oxidation ofanic matter. Generally, Mg, TP,

and TK concentrations significantly (p < 0.05) i&sed with composting time.

97



Table 4.9: Effect of feedstock composition on Ca, ] P and K

Feedstock Week
Mg (%) Ca (%) TP (g/kg) TK (g/kg)

0 12 0 12 0 12 0 12
AMYC 0.84 241 1.62 3.46 8.43 20.1 13.05 42.00
ACC 1.25 2.26 3.24 2.88 6.60 12.0 15.64 29.70
ACS 1.60 2.67 3.28 2.93 10.53 13.0 23.24  35.50
LSD 0.41 0.73 0.51 1.28 3.55 5.99 4.25 10.16
p-value 0.004 0.486 <0.001 0.576 0.094 0.022 <0.0010.063

4.3.10 Correlation of Physicochemical Parameters with Respect &eHstock

Composition

The correlation of monitored parameters with resgecthe effect of feedstock

composition on abattoir waste composting recordéuyhly significant and strong

negative relationship between Electrical Condusti(EC) and the temperature

transforms (especialf AT/T, r = 0.9253, p < 0.001). Conversely, pile moistur

content (MC) and Organic Matter (OM) concentratisasorded a significant and

strong positive correlation with the temperaturel @s transforms (e.g. T versus

MC: r = 0.9169, p<0.001; T versus OM: r = 0.9722< ©.001). The results also

indicated that there exist a strong and negativeetzgion between MC/OM and the

temperature transforms produced (i.e. AT and AT/T), as this generated a

coefficient of correlation of 0.9696 (p < 0.001).

A strong positive correlation was observed betweetal Nitrogen (TN) and

the temperature transforms monitored during theeexgent (r = 0.9169, p < 0.001

with respect to T). Moisture Content (MC) and OiligaMatter (OM) content

demonstrated a significant strong and positive etation with TN. Benitoet al

(2003) and Bernakt al. (2009) have stressed that the availability of riarbon
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amendment is capable of supporting TN conservatidhus, feedstock as in this
study is associated with the conservation of TNIthdugh a strong and negative
correlation was observed between EC and TN, tlhasioaship was not significant (p

< 0.05).
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Table 4.10: Correlation of physicochemical paramets and transforms based

AT ATIT T EC pH MC MC/OM OM TN
AT 1
ATIT 0.9882" 1
T 0.9875" 0.9594" 1
EC -0.8896 -0.9253 -0.8466 |
pH -0.3779 -0.2493 -0.4094 0.072 1
MC 0.9072 0.9115 0.9169 -0.9132 -0.1449 1
MC/OM  -0.9602"  -0.9604"  -0.9696 0.8825 0.1845 -0.9372 1
oM 0.9566 " 0.9501" 0.9722" -0.8964 -0.214 09722 -0.9905" 1
TN 0.9266 0.9033 0.931%3 -0.7247 -0.4053 0.8431  -0.8755 0.8789 1

* ** and *** indicates the Significant level of g 0.05, p< 0.01, p< 0.001 respectively.
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4.3.11 Prediction of N Based on Feedstock Composition

Total Nitrogen (TN) content in most agricultural texdals is higher than TP or TK,
and it is also the most difficult of these threéngipal nutrients to estimate by
indirect correlation methods due to its varying paosition in feedstock (Moradt
al., 2005) and the effect of the biodegradation pgeceduring composting. Total
Nitrogen is considered a critical agronomic limitifactor for the use of compost as
an organic fertilizer or soil amendment. The apild predict the amount of TN in a
linear regression model with other parameters eir tinansforms (such as presented
in Table 4.11) could largely facilitate the rapidsassment of process quality or
efficiency during composting.

Findings in this study reveal that the multipleekn regression adopted by
analysing parameters separately significantly ptetlie concentrations of TN in
feedstock AMYC and ACC yielding Rvalues of 0.942 (p = 0.038) and 0.999 (p =
0.016) respectively. There was no significance kdisteed for feedstock ACS,
although a strong co-efficient of multiple-lineagtermination was obtained {R
0.879). The common parameter featuring in all thedefs is EC, which has been
reported to have good correlation with TN in magdstock manure analysis (Moral
et al, 2005; Martinez-Sulleet al, 2008). Thus, this physicochemical analysis could
be adapted for onsite application. The varied i@labetween the parameters is an
indication that feedstock variation is influencittge composition of the predictive

model.
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Table 4.11: Regression model for TN with respect tieedstock composition

Treatment Best Model Equation Total Nitrogen 2 R Probability
AMYC —7.29 4+ 0.2344EC + 3.171MC/OM + 0.07890M 0.942 0.038
—0.507AT /T
7.077 — 0.565EC — 1.2089 MC / OM
ACC —0.03576MC + 0.005559T 0.999 0.016

—0.07886pH

ACS 4,63 + 0.729EC + 0.02410M + 0.138AT 0.879 0.238

~0.1762T — 0.1045pH

However, a general assessment of TN in feedstoo#tusced a negative correlation
for AT/T and T, while showing a positive correlationtwtH and OM. The results of
this study compares very favourably with regressoomrelations established by
Marino et al (2008), Martinez-Sulleet al (2008) and Cheret al (2009) who

predicted TN in livestock manure or compost withvlues ranging between 0.59

and 0.92.

4.3.12 Effect of Feedstock Formulation on Heavy metal cadration abattoir
compost

The heavy metal found with the highest concentnatiothe compost product was
zinc (157.7 - 202.7 mg/kg), while Cd, As, Ni, CodaNlo recorded values below
1.5mg/kg DM of compost. Cadmium was significaritigh (p < 0.001) with respect
to feedstock composition, with feedstock ACC deri@tisig a higher concentration
in Cd compared to ACS and AMYC. Also feedstock AGBowed a high
concentration in Cd compared to AMYC. Mean arsetnnicentrations in final

compost with respect to feedstock could be rankefi@C > ACS > AMYC. Highly
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significant differences (p < 0.001) in arsenic camtcation were observed between
different feedstock formulations. This could be eted in ACC, which was
significantly higher than ACS and AMYC. Chromiumnoentrations in the final
compost were not significantly different with respdo feedstock composition.
However, mean cobalt concentrations in the fee#lstshowed a significant
difference (p < 0.001), which could be ranked asSACAMYC > ACC. Thus, the
difference in mean was observed between ACS and BMYACC, and between
AMYC and ACC.Cocoa pod husk (CPH) represents a najatributor of Cd, As,
Cr, Cu, Ni, Pb, Mo and Mn concentrations in thedfeck formulations (Table
4.19). However the concentrations are within thets recommended by BSI (2005).
Sawmill waste recorded the highest mean concentrati zinc, 150.160mg/kg DM,
compared to 17.070mg/kg DM analysed for the gardaste (GW) used in the
feedstock formulation. Corn stove and husks (CSHpresented a cleaner form of
amendment material or bulking agent because thaesabf all heavy metals
observed in it were within recommended or acceptéibiits (BSI, 2005; Day and
Shaw, 2001).

Copper concentration was significantly different(|0.005) with differences
observed between AMYC & ACC and AMYC & ACS respeety. Significant
difference was also observed in Lead (Pb) conceorawhich was due to
differences observed between AMYC and ACC. Bothaid Mo recorded a highly
significant difference in mean concentrations fdfedent feedstock (p < 0.001).
Manganese concentration was higher in ACS compardd1YC and ACC whereas
mean concentration of Mo in ACC was more than faldrind threefold greater than
AMYC and ACS respectively. A highly significant tifence (p = 0.002) in mean

nickel concentration with respect to AMYC and théhes formulations was
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observed. A significant difference in Zn concetitras (p = 0.023) with respect to

feedstock formulation was observed between fornaratACC and ACS only.

Table 4.12: Heavy metal concentrations in compostsed on feedstock

composition and some raw materials

AMYC ACC ACS LSD GW CSH CPH SwW
mg/kg DM

Cadmium (Cd) 0.070 0.452 0.206 0.1207  0.004 n.d 7®.4 0.001
Chromium (Cr) 3.48 3.62 3.82 1.727 1.582 0.024 3.38 0.185
Copper (Cu) 2.608 3.236 3.484 0.4931 1.349 0.623 8947. 0.089
Mercury (Hg) - - - - - - - -
Nickel (Ni) 0.565 1.316 0.994 0.3586  0.237 n.d 955 nd
Lead (Pb) 1.776 1.990 2.349 0.3816  1.131 0.061 11.36 0.695
Zinc (Zn) 183.5 157.7 202.7 30.82 17.070 44.246 .33 150.160
Arsenic (As) 0.054 0.516 0.191 0.1586  0.053 0.001 .3640 0.063
Cobalt(Co) 0.805 0.269 1.187 0.2337 0.253 0.333 5104 nd
Molybdenum (Mo) 0.198 0.960 0.312 0.2715 nd n.d 580. 0.084
Manganese (Mn) 29.76 30.26 50.29 2.331 19.543 4.54%1.111 3.113

n.d — not detectable

The heavy metal concentrations observed in composiuced from the

various feedstock formulations were way below thet$ reported by Day and Shaw

(2001) and proposed by BSI (2005). The fact thatfédedstock materials where not

mobilized from mixed MSW could be contributing thet low heavy metal

concentration in the produced compost. The heawalntencentration observed in

the abattoir waste composts had superior qualitypased to the values observed

with Richard and Woodbury (1992) for Municipal, wher it be compost produced
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from mixed or source separated organic waste. Thidd be attributed to the
feedstock materials used, which were biowaste amdamed natural background
amounts of the heavy metals (Veenken and Hamed&g2)2 Thus compost produced
from this feedstock formulation could be appliedesally without any immediate
concern to bio-accumulation of heavy metals ingbié Substrates contributing the
most to heavy metal concentration could be saidawe high ash content, fine
particle size or may have undergone multiple hawgdlprocesses prior to their
application for composting (Zhareg al, 2008). Indeed, the feedstock selection, its
intrinsic quality and its preparation (pre-proéegs for composting could play a
critical role in ensuring that the heavy metal camcations in the final product is
within the regulated limits (Richard and Woodbut992; Haug, 1993; Veenken and

Hameler, 2002).

4.4 Effect of Turning Frequency on the Temperature Profle, Degradability

and Nutrient in Abattoir Waste Composting

4.4.1 Effect of Turning Frequency on Temperature

Significant difference in temperature was obseriredveek 2 and week 4 of the
composting process. Turning frequency 3DT recordesignificantly higher (p <
0.001) temperature than treatment 7DT and 14DT estkw2 while in week 4 the
opposite of this trend was observed resulting mperature records of 14DT > 7DT
> 3DT (Table 4.13). This explains the incidencetloérmophilic conditions or
atmospheric cooling influenced by the turning frexgey. The significant differences
were observed during the active phase of the cotimgoperiod. No significant
difference (p > 0.05) was indicated in week 10 &Rdvhen comparing means at the

same level of treatment. Frequemirning of compost piles is reported to
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significantly decrease temperature build-up durdmgnposting (Zhuet al, 2004,

Tognettiet al, 2007).

Table 4.13: Effect of turning frequency on temperture

Week
Feedstock
2 4 6 8 10 12

3DT 44.9 46.3 35.8 32.0 30.0 28.1 28.4
7DT 45.4 42.2 37.4 31.8 29.1 27.9 27.3
14DT 46.0 40.8 40.3 32.8 29.6 27.8 28.1
LSD 5.92 2.32 2.58 1.29 0.76 0.43 0.97
p-value 0.926 <0.001 0.005 0.259 0.755 0.272 0.073

LSD for comparing means at the same level of treatemt (5% level of significance)0.74

Average means for period for temperature aboi 5Bection 4.2, Table
4.3) indicated that turning frequencies 3DT and 7Ddve similar effect of
temperature sanitization values of more than awagreas 14DT indicated a period
of less than a day. Thus, turning frequencies 3Bd ZDT have a better potential
sanitizing effect on the compost treatment comp&wet¥DT. In fact, the mean area
also indicated that the sanitizing potential ohtng frequency 3DT (6.18C-d) was
more than 10 folds a better sanitizing treatmerttoapcompared to 14DT (0.53
%C.d) and about 2 folds better than 7DT (2°00d). Temperature can be used to
assess the progress of decomposition, sanitizatiorpathogens and thus the
performance of a composting system (NRAES, 19921g14993; Mason, 2007; Yu
et al, 2008).

The account of Tiquiaet al (1997) and Ogunwandet al (2008)
demonstrates that turning frequency has an effecttemnperature and oxygen
concentration of composting piles. Thus, a highegdiency of turning could create a

situation that increases bio-oxidation and tempeeabf the compost; or this may
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increase the bulk density of the pile, which maysea temperature to drop
significantly because of the pile size or the staigine composting process (Tognetti
et al, 2007; Tirado and Michel, 2010) A higher turnimgquency mostly increases
the distribution of the free air space and ensarasore uniform distribution of
moisture, micro-organisms, particle size and teapee (Haug, 1993; Kadet al,

2007; Szantet al, 2007).

4.4.2 Effect of Turning Frequency on Electrical Conductity

Electrical Conductivity values generally increasath composting period (Fig. 4.9).
The EC recorded for the final compost can be rarde@DT > 7DT > 14DT. The
decreases in EC could be attributed to the low oaterganic matter degradation
during the composting process. Thus increasedrtgrimfluences a higher EC. This
phenomenon is observed at the transitions of blbénntophilic and mesophilic
phases, and recurred towards the end of the comgogtocess, accounting for

significant effects (P < 0.05) recorded.
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Figure 4.10: Effect of turning frequency on Electical conductivity (EC, mS/cm)
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The EC values observed for all the treatments rooeit as a result of the turning
frequency did not exceeded the threshold of 4.0crdSfecommended by Rao
Bhamidiamarri & Pandey (1996) and Lin (2008). Tdainity (EC) of the final
compost for all treatment was less than the swlifiinit value suitable for

agricultural use.

4.4.3 Effect of Different Turning Frequency on pH duringComposting

The pH dynamics observed during the compostingge®depicted a decrease from
the initial value to mean values of between 7.0717 in week two, but increased
during the thermophilic to transitional phase ofek® 4 to 6; with mean values
exceeding 8.50 (Fig. 4.10). The observed valugstbincreased from a seemingly

neutral range to an alkaline range during the ti@ansphase.

10.0

=8 3D
9.5 A1 - O—piDT,
—&— 14DT

9.0 A1

8.5 A

pH

8.0 1

7.5 A

7.0

65 T T T T T T T
0 2 4 6 8 10 12 14
Time (wk)

Figure 4.11: Effect of different turning frequencyon pH during composting
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Similar phenomena have been observed by Tumuhaéival (2009).
According to Pacet al (1995) and Moldest al (2007), the preferred range of pH is
6.5 to 8.0 for optimum growth of microorganismsidgrcomposting process. The
pH value being higher than 8.5 (Week 4 to 8), tetadefluence nitrogen losses,
which become unavailable to microorganisms and tklesvs decomposition
(NRAES, 1994). This agrees with the observation enfmt N content (Appendix
E10). Also, Sanchez-Monedeet al (2001) observed an increase in pH up to about
8.8 in the composting of biowaste; an observatibat the attributed to well
oxygenated and not already nitrified treatmentha pile. However, these values
decreased to pH values of less than 8.00 at theoénlde process. The final pH
readings obtained in this study are within accdptdimits suitable for soil
application (Molde®t al, 2007; Bernaét al, 2009).

Turning frequency of 3DT yielded a significantly €p0.05) higher pH value
compared to 7DT or 14DT. Treatment 7DT and 14Dd wot show significant
changes at the monitoring periods in most cases.réborded pH from treatments,
decreased afterward in conformity with reporteddsecited in literature. Eklind and
Kirchmann (2000), Beck-Friiet al (2003) and Sundberg (2005) have reported
similar occurance of decreases and a subsequerdurtng composting subjected to
varied treatments. The initial low pH values re@atdn treatments can be attributed
to organic acidic formation; while the subsequectease is linked to the breakdown
of organic acids in the substrate and the decortipnsbf nitrogen-containing
organic matter leading to the accumulation of;Niivhit dissolves in moisture to form
alkaline NH;" (Sanchez-Monederet al, 2001; Wonget al, 2001; Sundberg, 2005).
As experienced by Paredesal (2001) in the composting of olive mill waste, OM

decomposition brought about significant increase (.05) in pH in all treatments
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(Table 4.14, page 110). This could be as a conseguef the possible degradation

of acid type compounds.

4.4.4 Effect of Different Turning Frequency on Moisture Gntent

The treated piles generally experienced a contisilmes in moisture with processing
time (Fig. 4.11). However, statistical analysis destrates that turning had a
significant influence on the moisture contentsted piles. As per the scope of the
experiment, moisture contents were kept within th@-75% limits. Highly
Significant differences (p < 0.001) in MC were fduat Week 6 and Week 12 for the
treatments. Pile MC at the end of the compostiugegss could be ranged as 14DT
> 7DT > 3DT treatment, and with significant diffece following the same order.
The outcome of this study seems to suggest thavra frequent turning frequency

would increase MC loss (Haug, 1993, Lare¢wl, 2000; Tirado and Michel, 2010).
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Figure 4.12: Effect of different turning frequencyon Moisture Content
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The moisture loss is influenced by the turning Giecy (treatment 3DT >
7DT >14DT); such that, as turning frequency is @éased in a pile faster rate of
evaporation is induced to encourage the loss ofstu@. Also, the hastening of
degradation as a result of turning frequency téogsoduce C@and HO in a phase
suitable to promote moisture loss. Converselyabse high moisture content lead to
poor porosity, low turning frequency may serve asadvantage to the diffusion of

oxygen in the treatment.

4.4.5 Effect of Different Turning Frequency on Organic Miger Content

Generally, the organic matter content during thenposting period decreased with
time (Table 4.24). The initial OM content of threedtments was not significantly
different (p = 0.201). Also, during the transi@mperiod of week 6, the treatments
did not exhibit any significant differences (p 188). The turning frequency did not
show any significant impact on OM content in we@k(ft = 0.670). The percentage
change in OM with respect to treatment ranged 883 - 35.09%, with treatment

3DT >14DT > 7DT.

Table 4.14: Effect of different turning frequency e OM Content (% DM)

Turning Week

Frequency 0 2 4 6 8 10 12
30T 70.30 63.32 62.65 55.49 50.37 49.77 45.63
70T 67.85 6254 60.36 56.49 50.80 46.62 46.93
14DT 67.56 65.21 6158 57.76 53.64 50.02 46.71
LSD 339 203 180 236 254 269 325
p-value 0.201 0.036 0.051 0.158 0.031 0.029 0.670

LSD for comparing means at the same level of treatr{6% level of significance): 2.52
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Mineralization of organic matter on an ash-free idademonstrates that
treatment 3DT (OMpax = 69.77%, k = 0.184wk and B = 0.968) and 7DT
(OMLpax = 78.12%, k = 0.124wk and R = 0.984) followed a first order
decomposition kinetics, compared with treatment T4thich was better fitted to a
zero-order kinetic. The mineralization of OM wadteein treatment 3DT compared
to 7DT and 14DT, as accessed through the produthieopotential maximum loss
and the rate constant.

The study shows that an increased turning frequéamiijtates a higher rate of
organic matter decomposition. Most of such degradaits realized at the active
thermophilic phase of the composting process, wlial also been reported by
Tiquia et al. (2002). This situation is noted to enhance aemadind proper mixing of
substrates and microbes that are responsible tmnagosition, as reported in Wong
et al. (2001), Ogunwadet al. (2008) and Bernadt al. (2009). Thus, if the focus for
undertaking a composting process is to reduceiieedd the pile and stabilize OM

or TC concentration, then turning the pile freqlentay achieve this faster.

4.4.6 Effect of Different Turning Frequency on C/N ratio

The initial C/N of the piles was within the reconmded ratio required to enhance
effective composting (Golueke, 1991; Haug, 1993her€ was no significant
difference (p = 0.753) in C/N ratio observed in fliles at the start of the composting

process. Generally, the C/N ratio decreased witk for treatments (Table 4.15).
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Table 4.15: Effect of different turning frequency o C/N ratio

Turning Week

Frequency 0 2 4 6 8 10 12

3DT 2445 2166 23.11 2081 21.05 1899 18.71
7DT 2356 2214 20.77 2191 20.03 18.36 18.04
14DT 23.65 2052 2226 2193 2242 20.80 20.45
LSD 2.73 1.06 0.77 1.39 1.22 1.22 1.10

p-value 0.753 0.015 <0.001 0.182 0.003 0.002 <0.001

LSD for comparing means at the same level of treatr(6% level of significance):.38

The obtained results also shows that there wadisint effect of turning frequency
on the final C/N ratio at week 12 (p < 0.001); witiean deceases in C/N ratio
accounting for between 13.53 - 23.48% of the ihi@ue (3DT > 7DT > 14DT).
The decrease in C/N ratio with composting time @a&nattributed to either the
mineralization of the substrates present in th&aindcomposting materials or increase
in total N concentration resulting from the bio-@aiion of TC concentration (Solano
et al, 2001). Thus, this study demonstrates that, asing turning frequency
enhances aeration and exposes the feedstock v awicrobial activity due to the

seemingly increase in particle surface area.

4.4.7 Effect of Turning Frequency on Carbon

Table 4.16: Effect of turning frequency on carbon %)

Turning Week

Frequency 0 2 4 6 8 10 12
3DT 38.41 34.60 3423 30.32 2752 2720 27.25
7DT 37.07 34.18 3299 30.87 27.76 2548 25.50
14DT 36.92 3563 33.65 3156 29.31 27.33 2741
LSD 1.85 1.11 0.98 1.29 1.39 1.47 1.49
p-value 0.201 0.036 0.051 0.158 0.031 0.029 0.028

LSD for comparing means at the same level of treatrb% level of significance): 1.31
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As demonstrated in Table 4.16, TC generally deectasith processing time;
decreases of between 25.76 - 31.21% of the irdtiglmatter basis of TC mean
values observed in the treatments (7DT > 3DT > 14DThe initial mean values
ranged from 36.92 - 38.41%. The ANOVA analysis eded that, apart from TC
values observed in week 0 and week 6, all otherksvekemonstrated significant
differences in mean of TC for the turning frequetreatments. The degradation of
OM and TC in the treatment could be attributeditedxidation of the pile resulting

in the mineralization of OM or TC to release £Beck-Friiset al, 2003).

4.4.8 Effect of Different Turning Frequency on Total Nitngen

Significant differences (p < 0.001) in TN concetit/a were observed at both the
transition stage and at the final stage of compgstA lower concentration in TN

was observed with respect to treatment 7DT comptréceatment 3DT and 14DT.

Although, it is illustrated in Fig. 4.11 that TN rgerally decreased with time, there
exist at the final composting week a higher nomio@icentration of TN compared
to the preceding or a couple of preceding weeksgduhe composting process. The
actual effect of turning frequency on TN could b@mined through its rate of loss;
which also explains to a large extent the levelTdf conservation due to the
treatment. Percentage loss in nitrogen was infleerxy turning frequency such that
increasing turning frequency tends to reduce theogen concentration in the

treatment pile
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Figure 4.13: Effect of different turning frequencyon TN (%)

It was observed that percentage loss in nitrogeongsst treatment could be ranked
as 3DT > 7DT > 14DT. The gain in TN (on an ash-)reethe case of treatment
14DT could only be explained as persistence obgén fixation, since relative OM
loss was below 10% compared to other treatment3 @ 7DT) which recorded
magnitudes of more than two-fold in week 2. Treattd!DT (NLmax = -3.43%, k =
4.762 wk', R? = 0.9216) with zero-order kinetics, lost less Tdinpared to the first-
order kinetics of treatment 3DT (Ndax= 59.58%; k = 0.1645 wk R = 0.9690) and

7DT (NL max= 64.85%, k = 0.1194 vik R? = 0.9840) respectively.
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Findings from this study agree with the findingsRafrede®t al. (2000). A higher
turning regime is associated with higher volatiii@a of NH; accounting for most of
the TN losses evaluated for the compost piles (@iqnd Tam, 2000; Oguwanee
al., 2008). Thus, turning on a weekly or fortnightigsis would ensure a better TN
conservation in the compost pile. The higher presesf concentrations P and Mg
supports these phenomena; as Eklind and Kirchm20®0) have recommended the
addition of P and Mg salts to reduce TN loss dudoamposting.

Ogunwandeet al (2008) reported that high frequency of turningimi
composting increases N losses and turning coulde Haastened volatilisation.
Composting processes with higher turning frequerspulted in a material having
lower amount of nitrogen and carbon as a resulbtatilization of N as NHand TC
as CQ. Beck-Friiset al (2001) reported that decreasing temperature glutie

thermophilic phase is beneficial in preventing Tdéd, since most thermophilic
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conditions are accompanied by pH rise. The TN @sssh-free basis was less than
50% for the treatment. This is consistent with thege of TN loss reported in

literature (Bernaét al, 2009; Lianget al.,2006; Larneyet al, 2006).

4.4.9 Effect of Turning Frequency on Ca, Mg, P and K

The ANOVA on the effect of turning frequency on Mga, P and K recorded no
significant variation (p > 0.05) in the means o€ thutrient with regard to the
different turning frequencies. However, generafiyfrient concentration increased
with time (Table 4.17).

Table 4.17: Effect of turning frequency on Ca, MgP and K

Turning Week
Frequency Mg (%) Ca (%) P (g/kg) K (g/kg)

0 12 0 12 0 12 0 12
3DT 1.27 279 252 323 792 144 1831 38.30
DT 1.08 217 268 298 785 16.6 16.44 34.10
14DT 1.34 237 294, 3:.06 7978« 141 17.18 34.90
LSD 041 0.73+ 051 ..128 355 599 425 10.16

p-value 0.082 0.481 0.244 0.915 0.960 0.736 0.650 0.659

But for the marginal increase of Ca in treatmenT 7B ost nutrients increased
by about two folds from the initial concentratiantbe final concentration Increasing
or reducing turning frequency did not necessanfjuence the concentration of P, K,
Ca, and Mg in the treatment. This has been at&ttd the OM loss which normally
relatively increases the concentration of nutrigith processing time. Indeed, P, K,
Ca and Mg did not exhibit a significant differer(pe> 0.050) in mean concentration
with time. This phenomenon is consistent with obsgons reported by Parkinson

et al. (2004) and Larneyet al. (2008). However, the ash-free losses of these
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parameters could be attributed to the marginalhieacthat may have taken place

(Sommer, 2001).

4.4.10 Correlation of Physicochemical Parameters with Regspto Turning
Frequency
The correlation of physicochemical parameters watbpect to the effect of turning
frequency on abattoir waste composting recordedghlhyh significant and strong
negative relationship between Electrical ConduttifEC) and the temperature
transforms (0.8468 r < 0.9253, p < 0.001). Conversely, pile Moisture @om{MC)
and Organic Matter (OM) concentrations recordedgaificant and strong positive
correlation with the temperature and its transfo(eng. T versus MC: r = 0.9168, p
< 0.001; T versus OM: r = 0.9722, p < 0.001). Tesuits also indicated that there
exist a strong and negative association betweenQWC/and the temperature
transforms produced (i.e. TAT and AT/T), as this generated a coefficient of
correlation above 0.960 (p < 0.001). The study albserved a strong positive
association between Total Nitrogen (TN) and thepemature transforms monitored

during the experiment (0.9X2r< 0.9384, p < 0.01 with respect to T).
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Table 4.18: Correlation of the effect of turning fequency in abattoir waste composting

AT ATIT T EC pH MC MC/OM oM TN
AT 1

ATIT 0.9914" 1

T 0.9875" 0.9664" 1

EC -0.8891 -0.9233 -0.8466 1

pH -0.3779 -0.2638 -0.4097 0.0718 1

MC 0.9066 0.9152 0.9168 -0.9132 -0.1454 1

MC/OM  -0.9603"  -0.9657"  -0.9695" 0.8826 0.1847  -0.937 1

OM 0.9564" 0.9563" 0.9722" -0.8964 -0.2144  0.9722  -0.9905" 1

TN 0.9336 0.917° 0.9384° -0.7328 -0.4017  0.849 -0.8858 0.8878 1

* ** and *** indiates the Significant level of$0.05, p< 0.01, p<0.001 respectively
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Moisture Content (MC) and Organic Matter (OM) -canitecorrelated
positively with TN (r = 0.849, p < 0.05; r = 0.88@,< 0.01 respectively). This
relationship supports the fact that a higher |Ids8IG or OM, will contribute to the
relatively higher TN loss (Wongt al, 2001; Benitcet al, 2003; Ogunwandet al,
2008); thus, a higher turning frequency may accdanboth situations. Laost al.
(2002) reported that significant changes in TNratated to mineralization of OM by
micro-organisms. Notably, EC and TN produced angfrand negative correlation
this relationship was not significant (p < 0.05plEa4.18). The strong correlation of
TN with temperature and its transform is indicatofethe effect of temperature on
airflow rate in passive or windrow composting syste(Szanteet al, 2007). Thus,
an intense turning frequency is expected to shadrerthermophilic and active phase
of the composting, which normally results in a gigant cooling of the compost

pile (Zhuet al, 2004; Tognettet al, 2007).

4.4.11 Prediction of N Based on Turning Frequency

The relationship between TN and physicochemicapaters analysed with respect
to turning frequency of the experiment is presentedable 4.19. Significant and
very strong regression co-efficient were evaluated? > 0.990 (p < 0.05). Just as
was presented with the effect of feedstock comjuosit varied regression
correlations between the parameters are observedrfung frequencies. The factor
contributing most to the turning frequencies 3DTH ddDT is the passive diffusive
parameter oAT/T which contributes about 5.151% and 1.282% factspectively
to the variation in TN, when other parameters a&le kbonstant. Also, ‘Moisture-to-

Organic matter’ ratio was modelled to contributé4B7% and 1.4422% factor to the
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variation of TN in 3DT and 7DT respectively, whether parameters are held

constant.

Table 4.19: Multi-regression model for TN with resgct to turning frequency

Treatment Model Equation of Total Nitrogen R Probability

1.8256 + 0.14144pH + 0.0647 EC — 1.4437MC/OM
3DT 0.999 0.022
+ 0.11905AT — 5.151 AT/T

3.6096 + 0.12286pH + 0.082098T — 1.4422 MC/OM
7DT 1.000 0.005
—0.22398 AT /T — 0.0739320M

—0.707 — 0.06138pH — 0.055630M + 0.00641T
14DT 0.998 0.028
+ 1.2820AT/T + 0.07630MC

Superior correlation co-efficient fRvalues) for predicting TN, during
composting with varied turning frequencies was miefé in this study as compared
to linear regression correlations established byimdeet al. (2008), Martinez- Suller
et al (2008) and Cheet al, (2009) even though more than three parameters we
used in the model (Table 4.19). The common paraniegduring in the treatment
model is pH. Literature reports of good correlatiwith TN on the basis of EC, dry
matter (DM), pH or specific gravity (Morat al, 2005; Martinez- Sulleet al,
2008). The current study presents evidence of $keofi physicochemical analysis to
predict the nutrient value of compost. The varielhtion between the parameters is
an indication that turning frequency variation maftiuence the composition of a

predictive model.
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4.4.12 Effect of Turning Frequency on Heavy Metal Conceiatiion Abattoir
Compost
Zinc was found to be the heavy metal with the hsgledncentration, 175.9-190.2
mg/kg DM, in the compost produced in terms of giirequency while Cd, As, Ni,
Co and Mo recorded values below 1.5mg/kg DM (Ta#l20). No significant
statistical difference (p > 0.05) in the concentratevel of As, Cd, Cr, Co, Cu, Mo,
Ni and Zn was observed in the compost piles witdpeet to turning frequency.
However, Pb and Mn recorded significant variatiops = 0.012; p < 0.001
respectively) in mean concentrations due to theingrfrequencies the compost piles
were subjected to. The significant difference inamealues of Pb concentrations
relative to turning frequencies was observed betwieatments 3DT and 14DT
only. Also, it was observed that pile 14DT contalirsehigher concentration of Mn
compared to the 3DT and 7DT piles. Heavy metal eotrations were within the
limits for use for agricultural purposes could ast micro nutrients in the soil.
Compost within these levels observed would not @ophytotoxicity threat to plants.
Generally a frequent turning regime did not infloe significantly the
concentration levels of heavy metals in the compgsif abattoir waste, but for Pb
and Mn elements. Elemental Pb concentrations waarddlow the 20mg/kg values
reported by Hofny-Collins (2006) for some compogtexperiences in Accra. It
would have been expected that increased handlingurming frequency would
warrant an increased in heavy metal concentrati@ompost especially with Pb and
Mn in this study, as suggested by Richard and Wond(i1992) and Zhangt al
(2008). The results showed that a hypothesis stiggethat an increased turning

frequency would result is an increased heavy noetatentration may not hold.
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Table 4.20: The effect of turning frequency on hegy metals concentrations of

compost

Turning frequency 3DT DT 14DT LSD GW CSH CPH SW
mg/kg DM

Cadmium (Cd) 0.201 0.284 0.243 0.1207 0.004 n.d 0.470 0.001
Chromium (Cr) 4.08 3.38 3.46 1.727 1.582 0.024 3.38 0.185
Copper (Cu) 3.014 2.905 3.407 0.4931 1.349 0.623 7.894  0.089
Mercury (HQg) - - - - - - - -
Nickel (Ni) 1.023 0.862 0.990 0.3586  0.237 n.d 955 nd
Lead (Pb) 2.360 2.009 1.744 0.3816 1.131 0.061 1.361 0.695
Zinc (Zn) 175.9 177.8 190.2 30.82 17.070 44.246 .83%3 150.160
Arsenic (As) 0.268 0.309 0.183 0.1586 0.053 0.001 0.364 0.063
Cobalt(Co) 0.801 0.657 0.804 0.2337 0.253 0.333 0.451 n.d
Molybdenum (Mo) 0.479  0.535 0.456 0.2715 n.d nd 580. 0.084
Manganese (Mn) 34.53 35.84 39.94 2.331 19.543 4.549 61.111 3.113

n.d — not detectable

Intense turning frequency regime or handling areado reduce a large portion

of the compost participle sizes or fineness to lewhat may result in high

concentration of heavy metal (Veenken and Hame&le€?2; Zhanget al, 2008).

Although the salinity and degradation rate of costpwith respect to turning

frequency were expected to yield higher mean alwedative to Pb or Mn

concentrations for rapid turning regimes (Parkinsbal.,2004; Zhanget al, 2008),

this did not manifest in the abattoir compost, s significant variations were

observed with higher concentrations favouring 14Dfiis could only be linked to

leaching that this study could not eliminate cortglle
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4.5 Effect of Feedstock Composition and Turning frequeay on the
Temperature Profile, Degradability and Nutrient of Abattoir waste

Composting

4.5.1 Effect of Feedstock Composition and Turning Frequeynon Temperature

The interactive of turning frequency and feedst@dmposition did not
record any significant change on temperature at dtagt of monitoring. The
temperature values recorded ranged from 33.0 t& &1.(Table 4.3 and 4.21).
Significant effects on temperature by the intemctiof turning frequency and
feedstock composition were observed however in weék = 0.006), week 8 (p <
0.001) and week 10 (p < 0.001) of composting. k& thse of week 4, interactive
effects on temperature identified were with resgecAMYC-7DT, AMYC-14DT
and ACC-3DT. Indeed, the temperature-time charaetgons of the self-heating
windrow piles indicate that the interaction effettfeedstock composition (AMYC)
and turning frequency had a better thermophilievagtsuitable for decomposition
and pathogenic elimination potential compared hepfeedstock.

This study also attests to the fact that theretedia significant surface loss
of heat and cooling effects that could be due wittieractive effect and also the
moisture content regimes used (Mason, 2007; Ahml 2008b). Some authors,
Larsen and McCartney (2000) and Lethal (2001) have accounted that the area
between the compost temperature and ambient tetaperarofiles depicts the
measure of heat retention in the pile. Given thelesor size and system (i.e.
windrow composting) of this composting study, effebserved in AMYC-3DT,
AMYC-7DT and ACC-3DT demonstrate a higher heat méte» compared to the
others. Thus, the interaction of feedstock compusiand turning frequency has an

effect on the heat retention, microbial activitdahe pathogen elimination potential.
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Although, maintaining temperatures at an optimaélef 55C for at least 15 days
inactivate pathogens, when the MC of the solidseeds 70% (Table 4.24),
thermophilic temperatures may not be attained or beashort-lived. The key factor
influencing this situation is restricted movemehbrygen (Britoet al, 2008). This

was the case for most of the interaction obserkaglife 4.1-4.3, pg. 77 & 78).

Table 4.21: Effect of feedstock and turning frequecy on temperature

Feedstock Week

Turning 0 2 4 6 8 10 12

AMYC-3DT 54.7 47.3 35.7 32.0 28.7 27.7 27.3
AMYC-7DT 52.7 47.0 42.0 33.0 29.7 27.0 26.0
AMYC-14DT 50.0 43.0 46.7 33.3 27.3 27.7 26.0

ACC-3DT 47.0 50.7 39.3 30.7 29.0 26.0 28.0
ACC-7DT 48.3 42.7 37.3 31.0 28.7 27.0 28.0
ACC-14DT Sl 42.0 37.0 31.0 28.7 27.0 28.0
ACS-3DT ore ) 41.0 §%s2.3 333 £2.3 30.7 30.0
ACS-7DT S g~ .U 3153 29.0 29.7 28.0
ACS-14DT 36.7 oy A 373 34.0 347 28.7 30.3
LSD 10.260 4.016 4.466 2.239 1.321 0.738 1.683
p-value 0.707 0.080 0.006 0.266 <0.001 <0.001 0.157

LSD for comparing means at the same level of treatrtb% level of significance): 1.281

4.5.2 Effect of Feedstock Composition and Turning Frequeynon EC

The interaction of feedstock composition and tugnfrequency showed a highly
significant difference (p < 0.01 for week 10 anc ®.001 for all other sampling
dates) in EC throughout the composting process.LBi# values presented in Table
4.22 differentiate the significance amongst treaisieGenerally, EC in the piles
increased with the composting time as organic mastebio-oxidized into more

stable forms. EC in most treatments ranged bet@e&$2.29mS/cm at week 0. The
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final EC values in compost produced for all treatteewere between 1.60-4.44
mS/cm.

Joneset al (2009) and Gaet al (2010) suggested EC gives indication of the
nutrients and salinity level of the compost masixedeed, the examined interaction
indicated a higher EC for AMYC and respective togiifrequencies. Because
leaching was controlled, high EC losses were naenked (Benitoet al, 2009).
However, mineralization of OM and nutrients contitéd to the general increasing
trend in EC. Salinity in source-separated markeiterdMW; EC = 3.64 mS/cm) is

notably contributing to this effect.

Table 4.22: Effect of feedstock composition and taing frequency on EC
(mS/cm)

Feedstock Week

Turning 0 2 4 6 8 10 12
AMYC-3DT 1.97 2.29 2.96 ¥33 8.31 3.67 4.23
AMYC-7DT 2.18 2,58 2.74 3.50 2.61 3.64 4.44
AMYC-14DT 2.29 2.47 281 2.88 2.60 2.85 3.18

ACC-3DT 1.54 1.65 151 2.33 2.92 2.83 3.38
ACC-7DT $+.98 1.33 1.03 ¥ 1.22 1.47 1.60
ACC-14DT 2.15 500 iy 5Y4 1.63 1.48 1.90 1.97
ACS-3DT 1,06 1.68 1.45 2712 2.07 2.47 2.76
ACS-7DT 1.33 1.64 2.05 1.68 1.62 2.01 2.25
ACS-14DT 2.01 fds 1.45 1.89 1.63 2.00 2.06
LSD 0.01 0.06 0.00 0.00 0.00 0.00 0.01
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

LSD for comparing means at the same level of treatr{b% level of significance): 0.02

Larney et al. (2008) related the level of EC to potassium catregion, or other

dissolved cations. Thus, in this study, a high g&itam or cation concentration would
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translate into a high EC value of compost. Thisknag is also reflected in the
moisture content of the treatment; the lower thasulwme Content (MC) the higher
the EC values (Zameest al, 2010). EC observed in compost produced from
treatments AMYC-3DT and AMYD-7DT did not meet thpper limit criteria of 4
mS/cm on phytotoxicity recommended by Lin (2008)odict from AMYC-3DT
and AMYC-7DT may not be ideal for application tapts which may have tolerance
of a medium sensitivity (Lasaridit al, 2006). Application of compost exceeding

this limit may require that their use be approgiiatimed to reduce plant stress.

4.5.3 Effect of Feedstock Composition and Turning Frequeyron pH

The ANOVA test indicates that the interaction ofning frequency and feedstock
composition had significant effect (p < 0.001) ¢ tevolution of pH during the

composting process. However, no significant efpct 0.144) of turning frequency
and feedstock composition on pH was seen in thesitranal period of week 6. The
pattern in the changes of pH observed in the feelstomposition or turning

frequency only is also observed in the interactinfeedstock composition and
turning frequency (Table 4.23).

This phenomenon is not different from what was eepeed by the
composting of solid fraction of dairy cattle slutoy Brito et al. (2008). They also
observed that composting process starts from meafgineutral pH of mean value
range 7.11 - 7.46, which increases to an alkalemege 8.5 - 9.62 within the
transitional period, then decreases and stabitizéise later stages of the composting
process. This high pH observed could be attributedhe buffering effects of

bicarbonates (Céceresal, 2006).
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Table 4.23: Combined effect of feedstock and turng frequency on pH

Feedstock Week

Turning 0 2 4 6 8 10 12
AMYC-3DT 7.46 7.13 9.54 9.62 8.96 8.02 7.98
AMYC-7DT 7.11 7.26 9.50 9.42 8.86 7.96 8.02
AMYC-14DT 7.28 7.16 9.38 9.34 8.84 7.94 7.98
ACC-3DT 7.39 7.07 9.36 9.43 8.81 7.82 7.82
ACC-7DT 7.36 6.91 9.01 9.01 8.55 7.60 7.56
ACC-14DT 7.37 7.01 9.38 9.04 8.56 7.49 7.68
ACS-3DT 7.26 7.29 9.32 9.59 8.89 8.04 7.97
ACS-7DT 7.42 7.03 9.02 9.56 8.83 8.02 7.93
ACS-14DT 7.28 7.35 9.15 9.35 8.87 7.83 7.96
LSD 0.04 0.02 0.04 0.21 0.02 0.07 0.04
p-value <0.001 <0.001 <0.001 0.144 <0.001 <0.001 <0.001

LSD for comparing means at the same level of treatr(6% level of significance): 0.05

4.5.4 Effect of Feedstock Composition and Turning Frequeynon MC

Moisture Content in the composting piles generaécreased along composting
period. The moisture content differences observedhée interaction of feedstock
composition and turning frequency were highly digant (p < 0.001). The
significant change in moisture is attributed layg&d the turning frequency, and
partially to the feedstock; with the later linkemthe bulk density or porosity of the
feedstock matrix (Ahnet al, 2008a; Day and Keener, 1997). Thus, it was
demonstrated in week 12 that higher turning frequefavours a reduction in MC
value observed. Quite also, feedstock compositiotin \& higher bio-oxidation
activity, such as AMYC degraded to influence theesty evaporation of moisture in
the piles. The mean minimum and maximum MC of fioaimpost was 49.24 and

68.09 respectively (Table 4.24).
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Table 4.24: Effect of feedstock composition and taing frequency on MC (%)

Feedstock Week

Turning 0 2 4 6 8 10 12
AMYC-3DT 66.58 66.96 58.29 60.50 58.20 55.59 49.24
AMYC-7DT 61.80 72.23 64.03 69.12 66.21 65.85 62.56
AMYC-14DT 68.79 75.12 69.35 71.31 65.33 64.36 60.98
ACC-3DT 77.66 71.87 71.89 68.46 62.15 62.92 57.44
ACC-7DT 76.82 75.62 73.70 67.17 68.02 65.15 65.24
ACC-14DT 74.64 76.63 77.27 76.34 72.60 71.94 68.09
ACS-3DT 71.47 62.80 70.20 65.65 60.93 63.70 57.56
ACS-7DT 76.82 67.17 72.70 68.61 65.86 66.63 61.10
ACS-14DT 79.15 74.13 69.81 70.62 66.67 66.88 66.60
LSD 3.83 1.47 0.22 1.85 1.07 0.48 0.44
p-value 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

LSD for comparing means at the same level of treatr(b% level of significance): 0.09

Feedstock ACC's relatively high and significant(|®.001) moisture content
could be attributed to the relatively high wateldnug capacity of corn stove present
in the formulation (Ahret al, 2008a). In this study however, apparent fornmatd
leachate in the piles was assumed not to havendisant influence on the piles. The
high moisture content might be a contributing facto the slow rates of
decomposition and the short thermophilic phase rebsgein most of the piles. As
suggested by Das and Keener (1997), when the meistuntent exceeds 60% air or
O, movement is inhibited and the process tends torhe@anaerobic.

The link between MC and OM, viz-a-viz the interaatibetween feedstock
composition and turning frequency is further expdai in Section 4.5.6. The
interactive effect portrays a higher degradatiae ra treatments with 3DT turning
frequency and feedstock ACC. This is observed inld'd.26, with treatment 3DT or
ACC depicting a first order decomposition to maximphenomena, compared to a

zero order phenomena.

129



455 Effect of Feedstock Composition and Turning Frequeyhon Total

Carbon

The percentage loss in Total Carbon concentratimmg experiment were highest in

AMYC (68.25%) and 3DT (59.98%), feedstock compositand turning frequency

respectively. As of week 6, only pile AMYC-3DT hadhieved a 50% reduction in

carbon concentration or more inducing a significgrange (p = 0.034) with most of

the other treatments. At the end of the compoginogess, ACC-14DT exhibited the

least Total Carbon loss of 47.74% while pile AMYO® produced the highest

carbon loss of about 73.49% (Table 4.25).

Table 4.25: Effect of feedstock composition and taing frequency on TC (%)

Feedstock Week

Turning 0 2 4 6 10 12
AMYC-3DT 39.83 35.12 34.73 28.31 24.53 23.93 23.98
AMYC-7DT 390.01 36.75 35.15 31.22 25.03 24.93 24.92
AMYC-14DT 38.36 36.99 34.97 31.58 27.00 27.15 27.15
ACC-3DT 37.92 34.01 33.09 31.24 28.94 28.83 28.82
ACC-7DT 37.08 30.90 30.40 29.84 27.20 26.21 26.20
ACC-14DT 37.20 35.25 31.59 32.33 30.69 29.11 29.34
ACS-3DT 37.49 34.67 34.88 31.43 29.11 28.83 28.95
ACS-7DT 35.13 34.87 33.41 31.55 31.06 25.30 25.37
ACS-14DT 35.19 34.65 34.40 30.78 30.24 25.74 25.73
LSD 3.21 1.92 1.70 2.23 2.41 2.55 2.59
p-value 0.915 0.006 0.152 0.034 0.111 0.019 0.019

LSD for comparing means at the same level of treatr(b% level of significance): 2.26

The result of these treatment reflects a signitichifierence (p = 0.019) in carbon

(loss) at week 12. Per the relationship adopte@vialuating TC from OM their

dynamics would be identical.
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4.5.6 Effect of Feedstock Composition and Turning Frequeynon OM

It can be observed from Table 4.26 that within aficence level of 95%, treatments
AMYC-7DT, AMYC-14DT, ACS-7DT and ACS-14DT produced zero (0) order
rate of mineralization of Organic Matter (OM) (Smgpendix E15 for a sample plot
of zero order curve to predict OM loss). A firstler rate of mineralization was also
measured of for all 3DT turning frequencies (Segeaplix E16 for a sample plot of
first order curve to predict OM loss) as well as @ZDT and ACC-14DT
treatments.

Table 4.26: Summary of Organic Matter loss dynamis

TREATMENT n a, a b, b r re n.o.i.
AMYC-3DT 1 87.188 0.179 0.983 0966 14
AMYC-7DT 0 5533 6.026 0.962  0.926
AMYC-14DT O 1.336  6.088 0.985  0.970
gCC=8al 1 58.252 0.232 0987 0.974 18

1

1

1

0

ACC-7DT 53.743 0.454 0.972 0.944 16
ACC-14DT 53.583 0.192 0.978 0.957 10
ACS-3DT 77.179  0.107 0.978 0.956 12
ACS-7DT 0.000 4.184 0.959 0.920 6
ACS-14DT 0 0.000 4.282 0.958 0.918 6

n - Order of mineralization rate; n.o.i — numbelitefation to convergence;andb
(wk™) represent the*1lorder mineralizationa andb (wk™) represent the 0 order
mineralization.

OML (%) = a x (1 — e™t); OML (%) = a + bt for first-order kinetics and Zero-order

kinetics respectively

The maximum mineralization potential of between583.— 87.188% was recorded
in treatments conforming to first order mineraliaat rate, of which treatment
AMYC-3DT gave the highest value. Treatment ACC-7imbwever, gave the highest
rate of mineralization of Organic Matter or TotadrBon for this study (0.454 \ifkor

0.065d") at ¥ > 94.4%. Britoet al (2008), in their study observed that turning
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increased the rate of OM mineralisation (k = 0.@28") compared to static pile
composting (k = 0.009 d&y in the composting of dairy cattle slurry.

For this study, assessment of OM mineralizatiorevaluated as a product
between the maximum potential degradation and timenalization rate constant at
95% confidence interval (Paredetsal, 2000; Benitcet al, 2009). Shet al. (1999)
recommended the use of the product of maximum raiizable OM and rate of
mineralization. Indeed, the minimum mineralizatipatential for the zero order
kinetic was measured, with a high of 5.533% (AMYDTJ and a low of
approximately 0.00 in ACS-7DT and ACS-14DT. TheHhaigt rate of mineralization
measured in the zero order kinetic was linked toYAM7DT at £ of about 92.6%.
Hence, it is inferred that treatment with 3DT ispable of operating at high
efficiencies of Carbon or Organic Matter turnovempared to other treatment for
turning frequencies in the study.

Treatment ACC-7DT had the best turnover on orgamatter and potential to
sanitize pathogens (Table 4.26). This indicatesdlgood feedstock formulation and
turning regime is able to hasten degradation raganic matter (Robinzoet al,
2000). The interactive effect of feedstock and ingnshows that treatment ACS-
7DT was slowest in terms of organic matter turnoVéie low rate of mineralization
found in treatments exhibiting zero order kinetazuld be attributed to the high
moisture content (Das and Keener, 1997), which ccdeg inhibiting adequate
diffusion of oxygen into the piles. Moisture Corttem the treatments at the active
thermophilic stages or during the study did notslaoclear trend in its contribution

toward OM turnover.
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4.5.7 Effect of Feedstock Composition and Turning Frequeynon TN

The TN content was variable and demonstrated sogmif changes (p < 0.05) over
the composting period in this study. A significatifference (p = 0.037) in TN
concentration at week 0 was observed in the tregtsr(@able 4.27). The difference
existed between AMYC-7DT and that of AMYC-3DT & AMX-14DT, ACC-3DT

& ACC-7DT and ACS-7DT.

Table 4.27: Effect of feedstock compaosition and taing frequency on TN (%)

Feedstock Week

Turning 0 2 4 6 8 10 12
AMYC-3DT 1.61 1.62 1.28 1.63 1.26 1.20 1.33
AMYC-7DT 141 1.80 1.49 1.59 1.27 1.46 1.33
AMYC-14DT 1.60 1.52 1.47 1.67 1.23 1.40 1.28
ACC-3DT 1.63 1.65 1.5% 1.58 1.51 1.54 151
ACC-7DT 1.69 1.60 1.49 1.30 1.56 1.43 1.53
ACC-14DT w65 1.83 1.69 1.51 1.56 1.52 1.45
ACS-3DT 1.51 1.53 1.67 25 1.19 1.57 151
ACS-7DT 1.69 1.30 1.83 1.37 1.36 1.28 1.37
ACS-14DT 1.54 1.93 1.42 1.21 1.18 1.08 1.28
LSD 0.19 0.08 0.01 0.08 0.05 0.02 0.02
p-value 0.037 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

LSD for comparing means at the same level of treatr{6% level of significance): 0.09

The mean TN concentration ranged between 1.41-%6%t the start of the
composting process. The interaction of turningdency and feedstock composition
produced a significant effect (p < 0.001) on TNveek 6 of the composting process.
Between 23.83 - 43.04% TN loss occurred at thissitin phase of the"BWeek of
composting. This phase is also characterized byigh pH and thermophilic

temperatures, which could easily induce Nkdlatilization from the piles. At the
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end of the composting monitoring period, the obsdrinean TN loss was between
38.02 - 63.36%, with ACC-14DT and AMYC-3DT produgithe highest and lowest
mean losses respectively. Losses exceeding 50% fawasd only in AMYC
treatments.

The increase in TN or its loss during compostirgreported by Liangt al.,
(2006) and Tiquia and Tam (2000), may be attribtieeicicrease in organic N due to
a concentration effect as a consequence of stregradation of organic matter and
liable through carbon dioxide or as a result gffiMing from the atmosphere. Thus,
an increased MC and TC contributed to the presiervatf the TN in the compost
(Laing et al, 2006; Buencet al, 2008). Several studies have indicated thag NH
volatilization increased remarkably with the in@eaf air supply or turning or pH
(Zhanget al, 1994; Sundberg, 2004). Thus, TN losses evaluaieAMYC-14DT
and ACS-14DT could be as a result of Nwblatilization resulting from a near
anaerobic condition caused by high moisture conet less aeration or turning
frequency (Day and Funk, 1998; Zhu, 2006).

An account of TN loss occurring in windrow or passcomposting systems
varied between 16—-74% (Raw¥ al.,2004; Tiquia and Tam, 2002; Sundberg, 2005;
Ogunwandeet al, 2008). The loss of TN reduces the value of cahpe a fertilizer
significantly (Epstein, 1997). The presence of l@trant carbon sources, such as
lignin in the bulking material, may have influenct®e level of losses in the

treatments (Paredes al, 1996; Tiquia and Tam, 2002; Berrmlal, 2009).

4.5.8 Effect of Feedstock Composition and Turning Frequeynon C/N
Generally C/N ratio in the treatment piles decrdaséh processing time, although

there were some increments observed at variouslsempeeks (Figure 4.14- 4.16).
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Similar experiences have been reported in liteea(8olancet al, 2001; Syllaet al,
2006). Total mean changes on C/N ratio in termdeefistock composition and
turning frequency ranged between 11.32% (incre@s@S-14DT) to -29.80%
(decrease, AMYC-3DT) at the transition phase (wégkof composting. The
increases observed at week 6 for treatments ACC-a&bd all of the ACS piles,
indicate that the rate at which TC reduced werehrhigher than that of the TN loss.
At the final sampling week of composting C/N ragigperienced reduction ranging

between -10.91% (ACS-7DT) to -32.28% (AMYC-7DT).
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Figure 4.15: Changes in C/N ratio in pile AMYC basd on turning frequency
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Figure 4.16: Changes in C/N ratio in pile ACC baseon turning frequency
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Figure 4.17: Changes in C/N ratio in pile ACS basedn turning frequency
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Significant differences (p < 0.05) observed in Cdlo from week 2 to week 6 were
largely influenced by the feedstock composition. Blgnificant difference (p =
0.513) in C/N ratio was observed in Week 8 of thenposting process. Thus, as
materials begin to mature, the influence of feedstcomposition does not play a
major role in determining the evolution of its Cratio pathway. Although, in week
10 of composting process a significant differenee=(0.004) in C/N ratio was seen
in the treatments which did not continue to week AROVA performed indicated
that the influence of turning frequency dominatest tof feedstock composition on
C/N ratio observing the interaction of feedstocknposition and turning frequency
during the composting of abattoir waste.

The interactive effect of feedstock compositionsd aturning frequency
accounted for the significant differences in C/Ncle factor has been noted to
influence a rapid emission rate of ammonia gasngucbmposting (Haet al, 2004;
Peigné and Girardin, 2004). Previous authors heperted the decreasing trend of
C/N ratio during composting (Solaret al, 2001; Syllaet al, 2006). They further
stated that the decreases were as a result ofittexatization of TC or OM; or the
increase in TN due to relative slower mineralizata$ the nitrogen element. A C/N
ratio below 20 is indicative of acceptable matu(®olueke, 1981), and a ratio of 15
or less is preferable (Erhart and Burian, 1997)caBise the maturity assessment
criteria index recommended by California Compostali@y Council (The US
Composting Council and the United States Departnoérmigriculture, 2001) was
recorded at the beginning of the treatment (i.&l €25), it would require more than

C/N to establish compost maturity or stability.
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4.5.9 Effect of Feedstock Composition and Turning Frequeynon Ca, Mg, P
and K concentration

The ANOVA on the effect of the interaction of fetmtsk composition and turning

frequency on Mg, Ca, P and K recorded no signiticariation (p > 0.05) in the

means of the nutrients at week 0 (Table 4.28). él@w, a significant variation in

mean was observed for Total Phosphorous (P) onlyeatk 12. The compost pile
ACS-14DT recorded the least total P value at the @nthe composting process; a
value two-fold less than the treatments involvineYC. The loss of P at week 12

may be attributed to leaching. Generally, nutr@rcentration increased with time,
which has been attributed to the OM loss which radiymincreases the relative

concentration of nutrient with processing time.

Table 4.28: Effect of feedstock Composition and Tming Frequency on Ca,

Mg, P and K concentration in compost piles

Feedstock Week

Turning Mg (%) Ca (%) P(g/kg) K (g/kg)

0 12 0 12 0 12 0 12
AMYC-3DT 1.06 3.08 161 3.04 762 184 11.26 39.0
AMYC-7DT 0.71 1.77 144 374 759 205 1548 420
AMYC-14DT 0.74 2.37 1.81 361 10.07 214 1241 451

ACC-3DT 1.47 2.25 2.55 3.01 Ls:O 9.80 17.79 358
ACC-7DT 1.21 2.05 3.49 2.70 444 1480 1448 241
ACC-14DT 1.08 2.47 3.69 2.93 7.77 11.3 1465 293
ACS-3DT 1.29 3.05 3.41 3.65 8.58 149 2589 40.0
ACS-7DT 1.32 2.70 3.10 251 1152 145 1935 36.2
ACS-14DT 2.19 2.27 3.33 264 11.49 9.6 2448 30.2
P-value 0.082 0.481 0.202 0.765 0.690 0.736 0.2666570

LSD 0.71 1.26 0.89 2.22 6.16 10.38 7.36 17.60
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4.5.10 Correlation of Physicochemical Parameters with Respto Feedstock
Composition

The correlation coefficients of physicochemical gmeters or transforms with
respect to the interaction of feedstock compositeord turning frequency are
presented in Table 4.29. Contrary to the obsarmatin the individual effects of
feedstock composition and turning frequency, theraction effect resulted in a
negatively moderate correlation between temperatumesforms and electrical
conductivity, compared with the individual treatrheffect of feedstock composition
or turning frequency. Correlations between noatesl parameters showed moderate
to high associations in the cases of OM or MC/OM tamperature transforms.

This study revealed that, a negatively moderateetaiion existed between
MC/OM and the temperature transforms; yielding elation coefficients ranging
between 0.548 - 0.639. As expected, high organitteman the feedstock provides
energy for microbes to degrade more carbon to géméeat. These phenomena have
been reported by Haug (1993) and Benito et alQ320 Also noticed between MC
and EC parameters is a moderate but negativeaeddiip. Thus, an increased level
of MC may influence significantly the concentratiewel of compost salinity (which
explains the level of cation in solution). Analgily, the parameter association of
non-related parameters could not produce a strorgffecient of correlation for the

interaction effect of feedstock composition anahitug frequency in this study.
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Table 4.29: Correlation of physicochemical parametrs based on the interaction of feedstock compogiti and turning frequency

AT AT/T T EC pH MC MC/OM om ™
AT 1
AT/T 0.9765 1
T 0.8508"" 0.7851"" 1
EC -0.2377 -0.246 -0.3437" 1
pH -0.3172° -0.2143 -0.2452 0.117 1
MC 0.4339™" 0.4414"" 05384  -0.6376  -0.1519 1
MC/OM -0.639"" -0.6267°  -0.5482""  0.1082 0.0877 -0.0161 1
om 0.7971"" 0.784""" 0.7748""  -0.4506""  -0.2012  0.5936 -0.8057 1
TN 0.4336 0.3993™" 0.4802""  -0.2388 -0.2484° 05419 -0.2904" 05328 1

*, ** and *** indicates the Significant level of g 0.05, p< 0.01, p< 0.001 respectively
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4.5.11 Prediction of N Based on Feedstock Composition anatning Frequency
Analysis of the interactive effect of feedstock gumsition and turning frequency
demonstrates that physicochemical parameters meditoould be used to predict
the level of TN in the compost pile. The multiplegression models with group,
analysed separately under a reference factor tdv&MYC-3DT, explains the effect
of the feedstock composition and turning frequeray nitrogen level. The
independent parameters modelling the effect oframtéon on TN produced varied
relationships. Interaction of ACS-3DT recorded thighest co-efficient of relation
amongstAT parameters applied; while ACS-14DT showed theektweoefficient of
relation in reference to AMYC-3DT (Table 4.30). $hivould imply that a unit
increase IMT with the interaction studied would result in ab612874% increase to
0. 1616% decrease to the level of TN in the compdisio, AMYC-3DT recorded
the highest positive influence on TN considering ihdependent parameter pH
while the lowest negative correlation co-efficierds realized for ACS-14DT.
Larney et al (2008) reported both linear and quadratic regpess
between various chemical parameters and composiireg Very few authors have
reports on applying linear regression to the imve effect of feedstock
composition or turning frequency have been foundrfhb et al, 2008; Martinez-

Sulleret al, 2008; Chert al, 2009).
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Table 4.30: A set of best predictive multiple-linar models relating the interactive effect of feedsick composition and turning frequency

in abattoir waste composting

Treatment Nireatment Model Equation™® R Probability
AMYC-3DT  —8.93 + 0.0164AT + 0.0398T + 1.070EC + 0.0724MC + 0.1333pH
AMYC-7DT  —2.52 — 0.0156AT + 0.0286T + 0.102EC + 0.0442MC — 0.0117pH
AMYC-14DT  —1.11 — 0.0533 AT + 0.0472T — 0.157EC + 0.0321MC — 0.0397pH
ACC-3DT  0.95 — 0.0096 AT + 0.0138T + 0.0035MC — 0.0037pH
ACC-7DT  —10.97 — 0.0406 AT — 0.0792T + 0.69EC + 0.2221MC — 0.0757pH 0.631 0.040
ACC-14DT  3.07 + 0.015AT — 0.0102T — 0.884EC + 0.0244MC — 0.1667pH
ACS-3DT 6.54 + 0.2874AT — 0.3322T + 1.272EC + 0.0487MC — 0.1647pH
ACS-7DT  2.48 + 0.0844AT — 0.1506T + 0.279EC + 0.0516MC — 0.0747pH
ACS-14DT  —3.63 — 0.1616AT + 0.2948T — 0.609EC — 0.0152MC — 0.2197pH

TN = constant + AT + T + EC + MC + pH + Interaction_ef fect(constant + AT + T + EC + MC + pH
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This study indicates that, for the set objectaveorrelation co-efficient (&
of 0.631 provides a significant prediction of véina in TN when considering
interactive effect of feedstock composition andning frequency (Table 4.30).
Whereas, Morakt al (2005) and Martinez- Sulleet al (2008) utilized EC, dry
matter (DM), pH or specific gravity in their modethe common parameter used in
study includedAT, T, EC, MC and pH. Electrical Conductivity wastmelevant in
predicting TN with respect to the interaction of @GDT. Literature reports of good
correlation with TN on the basis of EC, dry mat(®M), pH or specific gravity
(Moral et al, 2005; Martinez- Sulleet al, 2008); although not with respect to
interactions in treatment. The current study presesvidence of the use of
physicochemical analysis to predict the nutrientu@aof compost. The varied
relation between the parameters is an indicatianttirning frequency and feedstock
variation may influence the composition or quabifya predictive model for TN in

composting processes.

4.5.12 Effect of Feedstock Formulation and Turning Frequexy on Heavy metal

Concentration Abattoir Waste Compost

Table 4.31 shows the heavy metal concentrationallinreatments tested for the
abattoir compost. Mean zinc concentrations resyltfrom the interaction of
feedstock composition and turning frequency in ¢benpost product recorded the
highest heavy metal values between 137.84 - 21n@®&g DM, while Cd, As, Co
and Mo recorded values below 1.5mg/kg DM. No sigaiit statistical difference (p
> 0.05) in the concentration level of As, Cd, Cp, Cu, Mo, Ni and Zn were
observed during the study with respect to both sk composition and turning

frequency.
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Table 4.31: The effect of feedstock and turning &quency interaction on heavy metals concentratior(sng/kg DM) of compost

AMYC- AMYC- AMYC- ACC- ACC-  ACC- ACS- ACS-  ACS-
3DT 7DT 14DT  3DT 7DT 14DT  3DT 7DT 14pT  Pvalue LSD
Cadmium (Cd) 0082 0.06 0069 0.381 0455 0521 3®.1 0338 014  0.306 0.209
Chromium (Cr) 4978 2758 2.704 2.726 4.781 335 5474. 2593 4313 0189 2.992
Copper (Cu) 2524 262 2.679 2793 3201 3.713 53.722.896 3.83  0.206 0.854
Mercury (Hg) - - - - - - - - - - -
Nickel (Ni) 0789 0.383 0525 1218 1.182 1548 6B0 1.02  0.898 0545 0.621
Lead (Pb) 2.607 1467 1.253 1913 2091 1965 2.562.47 2.015 0.032 0.661
Zinc (Zn) 164.536 213.872 171.973 154.425 137.839 180.833 208.597 181.836 217.681 0.125  53.38
Arsenic (As) 0.057 0.073 0.032 0568 0518 0461 17® 0.337 0.057 0.647 0.275
Cobalt(Co) 0926 0712 0776 0209 0262 0.337 6.260.997 1.298 0.658  0.405
Molybdenum (Mo) 0.378 0.14 0075 0.846 0934 1.1 218. 053  0.193 0255 047
Manganese (Mn) ~ 27.672 28.915 32.687 23.808 28.938.042 52.095 49.671 49.098 <0.001 4.037
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However, Pb and Mn recorded significant variatigps= 0.032; p < 0.001
respectively) in mean concentrations due to theraation of feedstock composition
and turning frequencies that the compost piles vgeigiected to. These significant
differences were largely due to feedstock utiliZBge concentrations of Cu, Ni and Mn
were lower than values analyzed in the cocoa pe# Bample (CPH) analyzed (Table
4.12, pg. 102). The analysis in Table 4.31 is iate to the fact that CPH was a major
contributor to heavy metal concentration in the post produced.

Generally the interaction of feedstock compositiod turning frequency regime
did not influence significantly the concentratiorvéls of heavy metals in the
composting of abattoir waste, but for Pb and Mne Emalysis in this study does not
exhibit any major link of heavy metal to phytotakycin the compost product. The
heavy metal concentrations due to the interactifeceof feedstock composition and
turning frequency were below the limits suggesteday and Shaw (2001) and BSI
(2005). Indeed, the source of feedstock as acledyed by Veenken and Hameler
(2002) and the process of handling Zhahal (2008) may contribute to heavy metal

concentration in the final compost product.
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4.6 Feedstock Characterization in River Reed Compostingxperiment

In the pilot piles to test the effect of aeratigstem on composting process dynamics of
river reed, various parameters were analysed anditoned. The characteristics of
various raw materials used to formulate the pitessammarized in Table 4.33. Banana
waste (BW) recorded the highest Moisture Conten€\Mnd Organic Matter (OM)
content but had the lowest mean pH (acidic) withirange of 4.18 - 8.18 among the
raw materials used. The manure components recdlsedighest pH (alkaline) mean
between 8.09 - 8.18. As expected, bulk densitycfay was highest (~1,258.82 kg)m
and the lowest bulk density was recorded for riegkn(RH).

Electrical Conductivity of manure was several osdef magnitude greater than
the others. This is in consonance withdtal.’s (2008), observations that EC values of
animal manure composts were higher than those lérobrganic waste (plant)
composts. Total Carbon concentration was highesRth and lowest in clay. The
highest Total Nitrogen (TN) concentration was oledrin Cocoa Seed Husk (CSH),
probably due to its high initial OM and lipid conts. However, the lowest was
measured in the clay (soil) sample, emphasisingdioe quality of soil in the area.

Ammonium concentration was highest in Poultry Man@PM). The relative
low NH;" concentration in the initial CM feedstock coulddi&ibuted its dryness (MC
< 40%) and the method of handling before it waslifee composting. It was observed
that generally, PM was kept in sacks and in foogtfcontainers to preserve it from the
excessive exposure to the elements of the weatlndes other raw materials were to a
large extent exposed to the weather. Thus, N wkively preserved in PM as
compared to CM because of the pre-handling measadepted at the site. Nitrate

concentration was highest in RR component and lbingke clayey soil.
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Table 4.32: Physicochemical characteristics of ramaterials used in the

formulation of river reed composting piles

Parameter RR PM CM CSH RH BW Clay
Composition
(W) 75% 1% 4% 1% 4% 5% ~10%
MC (%, wb) 75.03 12.98 38.22 18.46 19.00 84.06 10.18
(1.04) (0.28) (0.61) (0.73)  (0.15)  (2.05) (0.2)
OoM 86.18 61.41 35.32 87.37 74.44 88.80 5.24
(2.98)  (1.32) (1.41) (2.36)  (1.11)  (2.31) (0.06)
Bulk 270.20 533.33 805.00 494.12  192.16  617.26 1,258.82
Density(kg/r) (7.63)  (10.14) (825)  (6.21) (450)  (5.51) (2.62)
pH 7.14 8.18 8.09 7.14 6.34 4.18 6.58
(0.090) (0.115)  (0.07)  (0.02) (0.16)  (0.05) (0.04)
EC (dS/m) 0.24 6.70 6.70 25 0.53 0.31 0.18
(0.00)  (0.07)  (0.02)  (0.04) (0.01)  (0.02) (0.00)
TC (%) 36.84 33.30 27.33 37.69 34.11 34.94 1.96
(1.04) (0.03) (0.86) (0.17)  (2.09)  (1.99) (0.06)
TKN (%) 1.30 2.38 0.67 2265 0.36 1.23 0.034
(0.03) (0.07) (0.05) (0.07)  (0.05)  (0.03) (0.01)
NH, “(g/kgDM) 5.18 12.03 1.48 4.03 1.06 1.14 0.87
(0.08) (0.7) (0.05) (0.4) (0.6) (0.06) (0.02)

NOy (mg/kgDM)  295.82  218.47 23891  257.81 132.81( 147.65 90.23

(2.80) (048  (0.35)  (0.56)  0.21)  (0.77) (0.27)
P (%) 0.14 0.87 0.23 0.33 0.16 0.18 0.07

(0.03)  (0.05)  (0.04)  (0.05 (0.03)  (0.02) (0.00)
K (%) 0.50 0.70 0.75 2.75 0.85 3.33 0.15

(0.06)  (0.07)  (0.05)  (0.03) (0.06)  (0.13) (0.03)

RR-River Reed; PM- Poultry Manure; CM- Cow Manug&§H- Cocoa Seed Husk; RH-
Rice Husk; BW-Banana Waste. Values in parenthegisesent the standard deviation
of three replicates. The composition of the feetsie on percentage weight-by weight

basis.
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The highest potential contributor of P in the fipabduct is the PM material, recording
a value of about 0.87%. Potassium concentratiorsdyzed in the initial materials
showed that BW (about. 3.33%) and CSH (about 2.7286) in many folds a higher

constituent of the element compared to other ratverizds used.

4.7 Temperature Profile: River Reed Composting Experimat

Figure (4.17 -20) describes temperature charatiteyisobserved during the
composting of river reed from the Volta Lake in @agTemperature readings with
time are presented in appendix H1). The solid wairtine in the temperature profiles
denotes the period of turning the entire pile; welasrthe broken line denotes the
reshaping of the piles (in the case of the pass@ration composting system). Initial
average temperatures in the piles after constmicanged from 52°C to 65.7C.
Reference temperatures monitored along the temyertitme profile were at 4G
(lowest thermophilic limit) and 5& (lowest disinfection limit).

Maximum decomposition of biodegradable solid wdsie been reported to
occur at temperatures between 55 °C7QEpstein, 1997). However, less frequent
mixing in larger piles could account for the higimiperatures recorded for a longer
time (Jackson and Line, 1998; Meunchatal, 2005), as in the case of DAT and
HV treatments. The excessive cooling of the FA pyeday 21 was due to higher
aeration rate from the centrifugal blower used; nehthe timer had been set to
activate aeration for 2 minutes and deactivate tia@rafor every 15 minutes
sequentially within the pile. Hence the period efaion was adjusted to 1 minute

activation and 30 minutes deactivation.
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Figure 4.18: Temperature profile of the DAT aeration system
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Figure 4.19: Temperature profile of the HV aerationsystem
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Figure 4.21: Temperature profile of the FA aeratim system
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Peak temperature (Table 4.33) was lowest in thetieAtment, compared to the
passive aeration treatments (DAT and HV) and TWea&rbounded by the curve and
a 40°C baseline (4) and areas bounded by the curve and’g Hfaseline (As) were

evaluated to give a quantitative description ofdbmposting temperature profiles.

Table 4.33: Average temperature characteristics

Indicators Unit DAT HV TW FA
Initial °C 52.2 52.2 65.7 52.10
Peak Temperature °C 65.7 68.4 66.0 54.60
Time to reach peak d 4 13 9 4
Period above 5%, tss d 51 57 22 -
Period above 4€C, to d >103 >103 59 31

Area above the 4C, A,y °C-d 1,470.8 1,435.0 7229 261.5
Area above the 58, Ass °C-d 221.2 290.3 1336 O

The MATLAB file used in calculating the area undée temperature profile is
described in Appendix D1. The values fajpAnd As estimated for the composting
of river reed under the four aeration technolod@AT, HV, TW and FA) for 14
weeks (Table 4.32) agree with temperature-timeilpraharacteristics reported for
full-scale windrow and forced-aeration systems kslvh and Milke (2005). Time at
or above the 4T reference was highest in passive aerated (DATV& ¢dbmposting
system (>103days), whilst that of the turned windr@f'W) and forced-aeration
treatments (FA) recorded times of 59 and 31 dagse@tively. The maximum rate of
temperature increase was evaluated at %5.@", which was observed in treatment
DAT; with a maximum rate of temperature decreasgenked in TW as -5.5C-d.
Values recorded for & ranged from 0 - 290°@-d. However, the thermodynamic

characteristics of treatment FA could not satisfyulh scale forced-aerated pile
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system according to the criteria of Mason and M{IR@05), since a minimum gA)

of 26°C-d and t55 of more than 10days was not achievealtifne period €) in the
profiles, showed a more sustained thermophilic &naipre in the passive aeration
and turned-windrow treatments than the forced-aerateatment.

A non-linear regression model by the Y al. (2008) was fitted to the
observed data to describe the microbial influenctemperature characteristic in the
composting pile (Appendix D2). The temperature wundeesophilic microbial
activity was found to be in the order of DAT = HVEA > TW. The time to attain
maximum microbial contributions to mesophilic hegtwas less than a day for all
treatments (Table 4.34). The maximum mesophiliefficient (.,) recorded was
about the same values, 0.98fdr all four treatments. Also, it was observed tthet
time within which maximum mesophilic heating ratecorred coincided with the
time when maximum thermophilic heating occurredhe case of treatment TW.
Thermophilic activity which is represented b ‘was highest in treatment HV
(0.999 @) and lowest in treatment DAT (0.063"d However, the modelled
maximum time for thermophilic heating was aboutsi&¢, 10 and 24 respectively
(Table 4.34) for treatments DAT, HV and FA. Accaoglito Yu et al (2009),
dominant microbial activity phase, whether as thaghilic or mesophilic, could be
compared using the maximum co-efficient rate #&gor k). A higherky, thank;
indicates a greater mesophilic activity in the tmeant pile and vice versa. The river
reed composting was therefore dominated by mesogagtivity. The dominance of
mesophilic activity could be due to the easily @elgible organic materials such as
sugars, proteins and organic acids, in the feekspie (Sundberget al, 2004).
Values obtained from the model corroborated wite tlecline in temperatures

observed in Figure 4.21.
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Table 4.34: Non-linear regression parameter valuef®r temperature-time serie

in composting piles

Parameters Initials  DAT HV T™W FA

To °C 20 28.255  26.588 32.222 20.000
Tw °C 10 40.000  40.000 23.028 35.196
Ky d* 0.01 0.999 0.999 0.999 0.990
tu d 1 0.106 0.002 0.000 0.000
T: °C 10 23.046  2.572  20.903 33.655
Kr d* 0.01 0.063 0.999 0.999 0.734
t; d 1 34.164  10.247 0.000 23.644
Te °C 40 48.852  42.376 40.944 60.000
Kc d* 0.05 0.035 0.019 0.039 0.068
tc d 30 32.439 56.036 12.295 20.697
r 0.943 0.972 0.961 0.972
r° 0.888 0.945 0.924 0.944
No. of Iteration 34.0 27 8.0 21.0

The highest temperature decline was observed inwHA a maximum
potential decline of 6T (y.) and a maximum cooling rate co-efficiekg)(of 0.068d
! The main cause of temperature decrease is atdbw excessive aeration and
dryness of the FA pile (Haug, 1993; Larsen and Mtty, 2000; Ahret al, 2007,
Mason, 2007), thus, preventing the pile from opegaat the thermophilic conditions
required for optimum rates of decomposition. Tineetiof maximum cooling rategjt
of about 20.7 days occurring three days earliem titlze time of maximum
thermophilic rate occurrence) and the high coofintential ) of about 68C attest

to the conditions observed (Figure 4.21 (d) andd 4l84).
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4.8 Evolution of Physicochemical Parameters in the Congsting of River
Reed
4.8.1 Electrical Conductivity (EC) Evolution in the Comsb Piles
Electrical Conductivity reflects the degree of s#éi in the composting product,
which indicates its possible phytotoxic/phyto-inkiloy effects on the growth of
plants as fertilizer (Lin, 2008; Huanget al, 2004). Figure 4.22 shows a similar
pattern of change in EC for all the four compostireatments. From an initial value
of 1.03 - 1.47dSm the piles settled with a final EC ranging betwée8 - 2.96
dsm’. Generally, it was observed that piles with fretjuer expected higher rate of
aeration recorded higher EC values compared tovehgserated system. Salinity
values more than doubled after week 3, for the ipelys aerated systems. It,

however, took about 8 - 9 weeks for EC levels toldie in frequently aerated piles.
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Figure 4.23: Changes in EC during composting of vier reed
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Electrical conductivity at the transitional phaseweek 7 revealed a significant
effect (p = 0.010, LSD = 0.480; Appendix H2) duethe system of aeration. This
difference was noted mainly with DAT compared te tthers (HV, TW and FA) at
the transition phase. Zameert al (2010) observed that EC in treatment could
decrease with increase in moisture content dutiegcomposting process. This link
was better observed after the active phase of tirsty svhen DAT had relatively
higher moisture content. Generally, EC values @& treatments did not show
significant difference (p < 0.05) after week 8 b until week 14 when a
significant change (p = 0.019) was observed amommgatments (Figure 4.22). It
was observed that piles with frequent or expectghen rate of aeration (FA or TW)
recorded significant higher EC values comparedassjyely aerated system while
composting river reed with other agro-waste. The @Meralization of treatment at
thermophilic phases contributed to the generaleiase in EC; which followed a
similar pathway as the OM mineralization.

Gomez-Brandomet al (2008) explained the phenomena as being thetrefsul
the mineralization or concentration effect of OMtlwirespect to other present
nutrients in the treatments. Thus, these relagehigh concentration of soluble ion or
matter and indicative of a high concentration of @8N observed in this study
(Zmora-Nahunet al, 2007; Figure 4.30, page 166). The study alsmborates the
assertion that, the release of mineral salts sscpotassium, ammonium and like
ions could have influenced such occurrences durmgposting (Campbekt al,
1997; Larneyet al, 2008). Baeta-Hakt al (2005) observed that decreasing OM and
pH tends to increase EC with composting time. TRedE composting product did
not exceed the limit of < 4.0dSh{Rao Bhamidimarri and Pandey, 1996; Sounearé

al., 2002). The results of this study indicate tha tompost may not need any

156



dilution with soils or composts with low EC for @grltural purposes. Thus, on the

basis of EC river reed compost is suitable foraiepplication to plants/crops.

4.8.2 pH and Carbon Dioxide Evolution in the Compost Pile

The initial pH recorded for this experiment was97fér DAT and HV, and 7.79 for
TW and FA samples. The pH values obtained duriegcttmposting process ranged
between 7.27 and 8.87 (Appendix H3). These werbinvihe recommend range of
6.0 - 9.0 for optimum composting (Haug, 1993; M#étead Eddy, 2003; Sundberg
et al, 2004). The FA treatment, which was subjectead taigher aeration regime,
recorded significantly lower pH values  0.05) than all the other treatments
(Figure 4.23 - 4.26) at most stages of the compgsieriod. According to Tiquiat

al. (2002), the piles revealed conditions suitableaimmonia volatilization (i.e. pH
>7.5).

In the transitional phase of week 7 a significdrar@e (p = 0.004, LSD 0.211)
was observed in pH, with TW < DAT < HV and FA tmre&int systems, with
corresponding values of 8.133, 7.667, 7.667 an®37.$However, there was no
significant difference (p< 0.05) in pH within the treatments at the end of th
composting process. The feedstock used in thisystidi not experience the usual
sharp decrease of pH prior to or at the thermaph@dmperature observed during
composting of food waste or municipal solid waSer(dberg, 2005).

The gradual decrease in pH for the four compogtiegtments could be due to
the volatilization of ammonia, the release of flom microbial nitrification, the
decomposition of OM or production of organic andrganic acids (bCO;3), and the
release of carbon dioxide during the composting@se as similarly observed by

several authors (Inbat al, 1993; Wonget al, 2001; Zhang and He, 2006; Saludes
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et al, 2008). Significant decrease (p < 0.05) in pHeigplained by the slower
nitrification (i.e. oxidizing NH" to NO; by nitrifying bacteria) which causes the
release of hydrogen ion (M thus, causing the pH decreases in the pilesa8yAhl,
2006). The characteristic of the graphs indicates pH decreases were preceded or
coincided with CQ (g) increases generally (Yafiez al, 2009; Figure 4.23
pH/CO2).

In the transitional phase of week 7 a significdrarme (p = 0.027, LSD 0.945)
in CO, concentration was observed, with TW < DAT < HV aRA treatment
systems at concentrations (v/v %) of 4.67, 5.000 &nd 6.00 respectively. Eklind
and Kirchmann (2000) observed that, the decomjppositf organic matter and
production of organic acids and the release ofaadioxide during the composting
process facilitate the decrease in pH as was obderv this study. Thus, in the
presence of adequate moisture, @Olikely to form weak bicarbonate when bio-
oxidation of the pile is not intense. Such occuceers noted to promote the activity
of autotrophic nitrification bacteria that are chigaof consuming bicarbonates as a
form of carbon (Cécerest al, 2006). Thus, as shown in Figure 4.25, TW tresiim
demonstrated a more stable £€bncentration compared to any other treatment
studied, indicating a suitable bio-oxidation praceagore so, the reshaping, turning
or system of aeration of the pile, is considereddotribute to the dynamics of pH
and CQ due to their influence on temperature and mictobiamass. Thus, the
dilution of pile CQ by atmospheric air could account for such dee=as pile pH
values.

Generally, increases in pH during composting hasnbéinked to the
biodegradation of the organic acids, mineralizat@norganic compound or the

solubilisation of ammonia (Pareded al, 2000; Wonget al, 2001; Sanchez-
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Monederoet al, 2001; Sundbergt al, 2004). Higher pH values were observed in
passive piles compared to the active ones (TW ahdile). An increase in pH
during composting has been reported in other stud&undberget al, 2004;

Tognettiet al, 2007; Gilet al, 2008).
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Sundberget al (2004) and Gilet al (2008) associated higher pH with
ammonification, a process which fosters the salkdtion of Ammonia leading to
the formation of Ammonium, occasioning an increasepile pH value. These
findings were confirmed in this study, because linttee piles constructed the pH
shape generally reflected the TN profile at thévaatomposting period (Figure 4.30,
page. 166).

Furthermore, percentage volume of £@) measured increased in the latter
stages of the composting process; which is not allynexpected. This is explained
by the increase in TN during the maturing perioeédks 8 to 14, Figure 4.30, page.
166). This observation is explained to be a magaree of influence on microbial
growth and activity (Meunchangt al, 2005). It is reckoned that microbial growth
was hastened due to the possible fixation of §éro(Moldeset al, 2007); however
these microbes may also be immobilized at a siméte converting their dead cells
as carbon source which is utilitized quickly toesde C@ (g). The observed
increases in CO(g) generally for all aeration treatment systenuppsrt this
phenomena. Ryckeboet al (2003) and Kutsanedzie (2010) found that tempesat
affects microbial survival during composting andshnfluences decomposition and

the release of gases.

4.8.3 Evolution of Moisture Content in the Compost Piles

Moisture Content monitored during the compostingcpss ranged from 55.67 -
71.00% (wet basis) during the active compostingsphae. the first 6-weeks, mostly
characterized with high thermophilic temperatures)] 45.67 - 60.33% during the
stabilization phase (Figure 4.27, Appendix H4). Thghest moisture content was

observed in treatment TW (week 1), while the lowmsturred in week 9 of the same

161



treatment. Mean differences in MC observed duriregdomposting process showed
significant difference (p = 0.036) between treatteen week 8. This difference was
occasioned by the differences in the aeration regimfter the beginning of the
maturation process in week 7. The difference istdude low MC recorded for TW

compared to the passive aerated piles (DAT and HV).
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Figure 4.28: Moisture Content level of treatment pe

Although there was a general decrease in MC valuimg the composting process,
watering of the piles accounted for most increasedC in treatments. The prime
phenomena accounting for moisture loss is evamorativhich has been cited to
represent about 70% of heat loss in the compostiatem (Haug, 1993; Schaub and
Leonard, 1996; Robinzoet al, 2000; Mason, 2007). Complete turning of thegile

contributed to the higher rate of moisture losshiRponet al, 2000; Nelsoret al,

2006; Kadeet al, 2007).
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4.8.4 Total Carbon and Organic Matter Turnover in CompoBiles

The analysis of variance showed Total Carbon (Tii€) @rganic Matter (OM) turn
over to differ among the treatments under the meratystems. Total Carbon did not
differ significantly amongst the treatment at tmatial week of the composting
process. The only significant difference of TC ireatments at the active
thermophilic stage was at week 3; which coinciddth welatively high moisture
content for treatment DAT compared with HV and FAglre 4.27, Appendix H5).
Total Carbon loss (TC Loss) by the transition stafweek 7 demonstrated that the
passive aerated systems (DAT and HV) have beentallehieve more than 50% of
the degradation of carbon in the piles; whereas, dltively aerated systems
produced values of 38.62% and 24.62% in treatm&wtafid FA respectively. Thus
a significant effect (p = 0.042) on TC concentratibue to aeration was observed in
FA with respect to DAT and HV at week 7. The TCslogith respect to organic
matter at week 14 is ranked as HV > DAT > TW > Bjpendix H10) with mean
values ranging between 50.17 - 64.91%, with no iBg@mt difference in TC
concentration with treatment. Thus, maturity of fhikes is further examined with
respect to the degradation of OM.

Organic Matter changed from initial values of 54:434.52% on dry matter
basis to between 28.68 - 39.10% dry matter badiseatnd of the composting period
(Appendix H6). Generally, OM content decreased iithe during the composting
process. An examination of percentage OM and OM-legolution during the
composting process showed a significant differemcaveek 4 and through the
transitional phase for most treatments (Appendif)HA marked difference in OM
was also observed in Week 7 week between treatmpnts 0.046). The study

revealed that the slow rate of organic matter deumsition with respect to FA
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compared to passive systems of aeration or a meetigrturned system influenced
the marked differences in Organic Matter (OM). Bécks et al (2003) attributed
the degradation of OM and TC to bio-oxidation ¢ fbile resulting in the release of
CO,. By the transition phase treatments had achievedeatte 50% of the organic
matter loss. Factors such as temperature and ptilmaed to the marked difference
observed in OM concentration. These factors hasenbreported to affect the
process efficiency or OM turnover during compostiRigug, 1993; Sundbesrg al,
2004; Buencet al, 2008; Bernakt al, 2009). At the final stage of composting, a
marked difference (p = 0.011) in OM was obtainetiveen the treatments. The
concentration of OM at the T4veek of composting could be ranked as HV < DAT
< TW < FA with values of 28.68%, 33.79%, 34.26% &88d1L0% respectively. Sartaj
et al (1997) reported that passive aeration had a highmposting rate compared to
the active aeration systems in their study of mauslurry composting. Nelsat al
(2006) and Szantet al (2007) reported that turning and forced-aeratioistatic
piles have a higher tendency to causing dryingaslyecooling of treatment piles.
Conversely, the domes or piping ducts formed inctiraposting piles were effective
in producing a better or comparable OM mineral@matirate as supported by
Fernandez and Sartaj (1997), Patnal (2001), Sylleet al (2003), Zhwet al (2004)

and Syllaet al (2006).
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Figure 4.28, describes the highest potential mamir@M loss or degradation
recorded in treatment as: HV (64.04%) compared Ad [[565.37%), TW (54.97%)
and FA (46.81%) in decreasing order. The highest A OM loss was measured in
DAT (0.503wk"), compared to TW (0.328WH, FA (0.319wk") and HV (0.310wk
3 'in a decreasing order. The first order kinetEsliso used to examine the rate of
OM mineralization or turnover based on the expegenf Larneyet al (2008),
Paredeset al (2002) and Beniteet al (2009). Thus the multiplication of the
maximum degradatiomlOMLg) and the rate constark) (reveals that treatment DAT
was a more favourable treatment compared to ther atbrated systems. Thus order

of highest rate of OM turnover can be describeDAas$ > HV > TW > FA.

4.8.5 Evolution of Carbon-Nitrogen (C/N) Ratio in Compast Piles

Composting commenced in the four piles with anahi€/N ratio of between 24.71
and 27.5 (Appendix H7). This range is indicativeac$uitable nutrient balance for
the composting process (Haug, 1993; NRAES, 199/ det al, 2009). The initial
C/N recorded significantly a lower mean value in tRAn the other piles. This could
be attributed to the extra mixing or shredding thatfeedstock for FA was subjected
to. Generally, C/N ratio of all the treatments @=sed during the composting period
(Figure 4.29). Carbon-Nitrogen ratio decreased iagmtly (p < 0.001) with
composting process time; such that at the fourtemmek of composting, all the
piles had achieved more than 50% reduction in Gitibr Most of the reduction
occurred in the thermophilic phase of the compgsfirocess; especially within the
first 2-5 weeks of composting. These dynamics aqglained by the substantial

changes in the TN and TC during the compostinggssc
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The final C/N ratio of the treatments ranged frobn3B - 11.78 with a trend of HV <
TW < DAT < FA. It was also established that the amtoof TC loss was markedly
higher than the Total N concentrations based omrocgmatter levels during the
composting process. At the end of the compostinggss, TC loss of about 50.17%
- 64.91% was observed and ranked as HV > DAT > TWA> whereas TN values
ranged from -5.03% to 8.51% ranked as FA > TW > DARV (Appendix H5 and
H8).

The C/N ratio is traditionally used as an indicatwr compost maturity
(Epstein, 1997; Bernadt al, 1998; Larney and Hao, 2007). The C/N ratio desee
was due to mineralization of the substrates prasethie raw materials initially used
in the composting piles (Solarat al, 2001). The relevance of the C/N ratio lies in
the fact that a decrease in the ratio implies aremse in the degree of humification

of organic matter. A C/N ratio below 20 is indisa&tiof acceptable maturity (Lin,
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2008; Bernalet al, 2009). The US Composting Council and the Unifdtes
Department of Agriculture (2001) recommends C/Noraif < 25 as part of the
indicators of compost maturity. The treatments wadoke to achieve such levels of

C/N ration within the composting period.

4.8.6 Evolution of Total Nitrogen in Composting Piles

Total Nitrogen in compost as affected by aeratigstesm is presented in Figure 4.30
(Appendix H8). Total Nitrogen exhibited a fluctuagitrend during the composting
period. This component concentration ranged fro82 @ 0.97% during the initial
stages of the composting process (week 0); witlsignificant difference between
the treatments. However, after week 1 all treatsdwaid TN values 1.00%. An
assessment of the aeration mechanism demonstratethé loss/gain calculated on
the means revealed a range of 18.41% loss to &®bd3ln at the transition stage of

the composting process (Appendix H9).
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These increments in the TN concentration of themmshpiles could be attributed to
the greater loss of carbon compared with N durmmgmosting as similarly observed
by Bernalet al (1996) and Paredes al (2000).

It was noted that although nitrogen fixation duricgmposting is less
frequent it has been reported in some cases (Paetdd, 2000; Hatayamat al,
2005; Beauchampt al, 2006; Cayuel&t al, 2009). Cayuelat al (2009) reported
that, increase in TN during composting could bekatted to increase in oxidation of
non-nitrogenous organic materials and partiallyhto N, - fixation by non-symbiotic
nitrogen fixers as indexed by the increase in dmaitrogen. The sinusoidal trend
of N-concentration in the treatment piles impliégstt biotic or abiotic microbial
immobilization of nitrogen in the piles was possil{Esptein, 1997; Moldest al,
2007). Also, Britoet al (2008) observed an increase in TN with decrea€§iM
during the composting of the solid fraction of gagattle slurry. This was attributed
to the small pile size, turning effect and the tret&dy higher dry matter.

Elevated nitrogen loss on ashless basis was olusérvdreatment DAT
(6.62%) and HV (8.51%) at the end of the compospeagod, a phenomenon which
was also observed by other authors (Pareded 2000; Meunchangt al 2005).
However, treatment TW and FA recorded gains of &b®43% and 5.03%
respectively by the end of the composting peridéearly 50% of the TC was lost
compared to less than 10% of the TN in the finahpost; which is comparable to
other experiences in composting by Meunchanhgl (2005). Indeed, the basis for
the loss in TN could be attributed to the mode exfation of the pile, thermophilic
temperature development, pH of piles, and OM degjiad (Bernalet al, 1996;
Paredet al, 2000; Beck-Friiet al 2001). Also, the process of denitrification to

NOx or N> may account for some of the TN loss realised endkperiment, as was
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reported by Tiquieet al (2002). According to Bernat al. (2009) apart from the
composition of the initial mixture, the compostingnditions such as temperature
development and aeration method (turning frequeocyaeration strategy) are
considered the main factors influencing TN-lossclBEriis et al (2001)observed
that significant ammonia emissions started whemtbghilic temperatures (> 46)
and high pH (about pH of 9) coexisted in the commsironment, resulting in a
total loss of nitrogen within 24 — 33% of the ialtinitrogen content. It is worth
noting that, the moisture content regime applieth&opiles did not necessitate a high
loss in TN. The study also corroborates the findinf Yafezet al (2009), who
maintained moisture content above 60% at the thehifio phase which resulted in
controlling significant TN losses. Though, thermitigitemperatures were sustained
for lengthy periods, especially in DAT and HV, thet N - concentration in the piles
only experienced a loss less than 10% of the Idacentration. This and the effect
of immobilization or nitrogen fixation could be Inénced by the commercial
“SoilTech Solution STARTER” inoculum used at thegimming of the composting

processes (Kutsanedzie, 2008).

4.8.7 Effect of Aeration System on Ammonium and NitrateyBamics

Ammonium ion (NH'-N) generally decreased as composting progresseeés 14
(Table 4.35). Concentrations of NHN decreased from initial values of 3.74 -
3.89g/kg DM to a range of 1.32 - 1.85g/kg DM at ¢&mel of the composting process.
The highest concentration of ammonium was obseavéige periods with the highest
OM degradation. This observation is also suppoligdSanchez-Monederet al

(2001) and Zheet al. (2005).
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Table 4.35: Effect of aeration system on ammoniurdynamics during the composting process

Treatment Ammonium ion (NH,’) concentration, g/kg DM

Sampling weeks 0 1 2 3 4 5 6 7 8 9 10 11 12 14
DAT 3.74 3.34 2.1 1.77 1.56 2.01 2.96 1.96 2.01 1.00 1.29 2.50 1.28 1.55
HV 3.74 2.60 1.16 2.17 1.37 1.86 ) 2.22 1.66 0.77 0.96 1.38 1.34 1.35
T™W 389 302 140 139 179 119 092141 160 098 105 179 156 1.85
FA 3.89 2.58 1.35 2.08 d=75 1.79 1.66 2.02 1571, 1.11 1.20 1.53 1.53 1.32
LSD 0.58 141 1.67 0.63 1.23 d::35 1.47 0.72 043 0.45 0.62 1.10 0.74 045
F-test 1.000 0.541 0.410 0.077 0.830 0.517 0.070 0.132 0.192 0.389 0.597 0.164 0.744 0.086

LSD for comparing means at the same level of treatment (5% level of significance): 1.61
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Table 4.36: Effect of aeration system on nitrate yhamics during the composting process

Treatment Nitrate ion (NO5’) concentration, g/kg DM

Sampling weeks 0 1 2 3 4 5 6 7 8 9 10 11 12 14
DAT 0.27 0.35 0.29 0.25 0.26 0.39 0.38 0.38 0.34 0.72 0.54 0.45 0.79 0.79
HV 0.27 0.39 0.22 0.34 0.24 0.40 0.53 0.72 0.44 0.83 0.44 0.30 0.63 0.63
T™W 031 036 026 024 031 040 067 038 052 0.39530 0.35 060 0.60
FA 031 041 023 038 043 038 065 036 0.35 039 039 037 065 0.65
LSD 017 o0.24 011 007 010 014 026 020 021 048 021 036 0.28 0.28
F-test 0.905 0.919 0.487 0.006 0.004 0.954 0.115 0.013 0.217 0.150 0.335 0.766 0.910 0.421

LSD for comparing means at the same level of treatment (5% level of significance): 0.21
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Aeration systems caused a loss, with respect too@ly of more than 70% at
the final week of sampling. Nonetheless, aerasigstem did not have significant
effect on the concentration of ammonium ion atehd of the composting process.
Both NH,-N and NQ-N concentration showed marked changes, generally
decreases and increases respectively, during thpasiing period.

The nitrate ion concentration in the pile increasBdm an initial
concentration range of 0.271 - 0.307g/kg DM to 0.590.793g/kg DM. The
calculated gain, with respect to OM only, recordedange of between 34.76 -
101.57%, ranked as TW < FA < HV < DAT. Thus, nit@tion may be more intense
in the passive aerated piles compared to the agbles. This process of
transformation from ammonium to nitrate was inteafier the thermophilic phase,
as recounted by Sanchez-Monedetal (2001) and Gaset al (2010).

The study also shows an early start in minerabraind subsequent nitrification
(Ilmer et al, 2007). A dramatic decline in NHN ion did not correspond to a rapid
increase in N@-N. A reason being that thermophilic temperaturesidated in
most of the treatment, which tends to inhibit tretivéties of nitrifying bacteria
(Sanchez-Monederet al, 2001). This decreasing trend in )NHN guaranteed that
ammonification was ending and could be used asterion of compost maturity
(Paredeset al, 2000). The decrease in WHconcentrations was attributed to the
combined effects of immobilization/denitrifying maorganism, mineralization/
nitrification, or NH; volatilization (Tiquia and Tam, 2002; Meunchagigal, 2005;
Eklind and Kirchmann, 2000; Caceretsal, 2006 llimer et al, 2007). However, the
final values of NH" were higher than the recommended value propose&tlibgoni
and De Bertoldi (1987) as < 0.40g/kg DM. The finampost recorded ammonium

concentration of about 1.32 - 1.85g/kg DM. Szastoal. (2007) attributed the
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incomplete conversion of NF in the treatment to the lack of oxygen. It also
assumed that, methanotrophs could be capable dfzoxg NH;" through methane
(CH,4) oxidizing bacteria at thermophilic temperaturacsi nitrifying bacteria may
not be very active at such temperatures.

The NQ'-N content in the four piles kept a general grow#th during the
composting process (Table 4.36, Appendix H12). rdiet at the start of the
experiment ranged from 0.27 - 0.31g/kg DM and rdedrconcentrations of about
0.6 - 0.79g/kg DM at the end of the composting pssc It could be inferred that the
thermophilic phase caused an inhibition effect drifying bacteria in the compost
pile, hence no significant increase in N® content was observed at the start of the
composting process.

Nitrification in the piles started about the thweek of the composting process, with
concentration differences of ammonium ions drop@ignificantly from an initial
range of 3.74 - 3.89g/kg DM to 1.39 - 2.1g/kg DMtrification was significantly
higher (p < 0.05) in treatments which were charazte by their design or were
considered to have a better vertical distributidnaw; especially in the case of
treatment FA. This finding is also supported by fimeling of Syllaet al (2006)
which realized that horizontally piped passive itemonstrated a higher nitrate
formation during the composting process. Nitrat@adgics in the piles compared
very well with the turning or reshaping (with ortout the removal of channels or
chimneys) periods indicated by the temperatureacearistics (Figure 4.17- 4.20).
For example, treatment FA indicates that betweew-2@a and day-28, nitrate
concentration increased significantly (p < 0.01¢nkke, it is tenable to suggest that,

upon the introduction of air, turning, or reshapofgthe piles nitrate concentration
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increased. Bernadt al (2009) have also suggested that the nitrificapoocess is
greatly influenced by pH, temeperature and C/Norati

The characteristic temperature and pH variatiopiias contributed to the
marked difference in nitrate concentration of tenpost at week 3. Indeed, at this
characteristic thermophilic phase, the treatmentr&@orded a significantly different
(p < 0.05) nitrate concentration, temperature addgading. The relation indicates
that at high temperatures or pH condition, nitreaéues would demonstrate lower
concentrations (Sanchez-Monedetal, 2001). The suspected excessive aeration of
treatment FA explains the relatively low temperatand changes in pH values. The
high pH about week 3 and the temperature confirims s$low nitrification
experienced in the treatments, especially witheesm the FA treatment. Smas
al., (2002) and Sundbesrg al, (2004) associated higher pH with ammonificaiion
the composting process. The transition phase @kwe recorded similar related
phenomena in the treatments. The aeration systestraiegy did not significantly
affect the nitrate concentration at the end of ¢oenposting process. However,
nitrification and nitrate concentration increaseddrds the end of the treatment with
temperature values close to mesophilic ranges amebrl pH values. The later
explains the conversion of ammonium (NHto nitrate (N@) with the release of

hydrogen (H) ions that tends to lower pH values.
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Figure 4.32: Changes in ammonium - nitrate ratiogluring composting

The ammonium-nitrate ratio was seen to decreasdismntly from the initial 12.52
- 13.78 range to between 1.95 - 3.10 ranges dirtheweek of composting (Figure
4.31). By the account of the influence of feedstamk aeration system the
ammonium- nitrate dynamics may vary @2et al, 2002; Tiquieet al, 2002; Wang
et al.,2004;Kaboréet al, 2010. The experiment did not achieve the < 0.16 maturi
limit proposed by Bernaét al, (1996) or Bernakt al, (2009). It may take some
additional weeks of curing to attain this indicatdfr maturity of the composting
treatments. Various authors have reported that NkR'/NOs ratio is a clear
indicator of nitrification and maturity (Bernat al, 1996; Sanchez-Monedeet al,
2001; Tiquiaet al, 2002; Bernalet al, 2009). Szantet al (2007) observed a
NH;/NOs ratio of about 0.5 and 0.31 for turned and statbmposting systems
respectively after 118days. More so, &twal (2004) also witnessed an even higher
NH4/NOs ratio (4.18 - 8.22) in characterizing the perfonoe of three aeration

systems for swine manure composting. Beretoal (2009) recommended a
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NH4/NOs range of 0.5 - 3.0 as an indication of compostumityt after composting
green waste and spent horse litter for 190 days.U® Composting Council and the
United States Department of AgricultyZ001) also recommended an ammonium to
nitrate ratio of 2 as an indication of maturity.eTimdicator established by Benid

al. (2009), the US Composting Council and the Unittdtes Department of
Agriculture (2001) suits this study and can be uagdn indicator for maturity for
the treatments. Thus, treatment DAT has been abletthin these limits; while
treatment HV and FA were only able to obtain valwéhin the limits set by Britet

al. (2009). Treatment TW just exceeded the limitgosed by Britet al (2009); an
indication that the pile may require some additiditae to mature with respect to

ammonium to nitrate ratio although the system heghldrequently turned.

4.8.8 Effect of Aeration System on P and K concentration

Potassium concentration generally decreased fronmteat of 1.13 - 1.23% of dry
matter to a final sampling concentration of 0.788% of dry matter (Table 4.37).
Largely, the study did not show any significanteeff of aeration mechanism on
potassium concentration during the composting m®celhe marked change is as a
result of aeration mechanism observed at the trangphase of week 7. The analysis
of treatment, indicates that, DAT has a signifttarlower TK concentration
compared to treatment HV, TW or FA. Increases itaggiun concentration during
the composting period could be attributed the nailiation of organic matter in the
treatment piles. Tiquia and Tam (2002) relateddaase in Total K and P to losses in
C, H, N and O in the treatments as £®,0 and NH. Significant statistical
differences (p < 0.05) in potassium concentrati@s wbserved in all treatments. A

decrease in Potassium can be attributed to leaching the K ion is very soluble
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and mobile (Tumuhairwet al, 2009) and the enhanced microflora or microbial
activities in the composting material as Potassisinaery much essential for their
metabolic activity (Kumaet al, 2009) . The later may cause either an adsorjgtion
assimilation of available fractions of Potassiunaf@t al, 2006).

The observation of a high Potassium level duringnposting or in compost
is likely to originate from the source of substraa®d in most cases occurs as a
woody material (Suzulet al, 2004). Various Authors have associated increimsEs
or K during composting to the high rates of carbuss, which occurs as a result of
organic matter mineralization (Gupta al, 2007; Suthaet al, 2010). Tiquiaet al
(2002) reported a not-significant loss for P andditing the composting of pig
manure and corn stalk depending on the pile turreggne or construction method.

Phosphorus was monitored in all the treatment pil@sal concentrations
ranged between 4.37 - 4.67% of DM. The results,castured in Table 4.38
(Appendix H13), suggests that the mechanism oftiaeraignificantly affects the
concentration of phosphorous during the compogpimgess. The turned windrow
(TW) treatment showed a high TP value compared thighother treatments during
the active phase of composting (week 7). This carpdtly attributed to the high
mixing and a better uniform feedstock distributithrat can be achieved with this
aeration mechanism. The analyzed results inditete treatment TW largely had
higher phosphorous level compared to treatment DAYV, and FA during the
composting process. Thus, substrates (poultry nearamd cocoa seed husk)
containing relatively higher TP values are morefarm distributed is samples

collected for analysis, as a result of turningreatment TW.
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Table 4.37: Effect of aeration system on Potassiuooncentration during the composting process

Treatment Amount of Percentage Potassium, K (%)

Sampling weeks 0 1 2 3 4 5 6 7 8 9 10 11 12 14
DAT 1.13 1.57 1.83 1.53 0.93 1.98 1.42 1.13 1.37 187471 1.23 0.72 0.79
HV 1.13 1.87 2.20 1.60 1.40 0.93 1.33 1.43 1.27 1.30.131 1.13 0.67 0.81
T™W 1.23 1.50 2.00 2.17 1.60 1.47 1.43 1.53 1.27 1.47.131 1.00 0.95 0.88
FA 123 230 18 163 127 164 147 157 130 150201 137 0.72 0.86
LSD 0.12 1.16 0.36 0.94 1.06 2.12 0.21 0.21 0.38491. 0.34 0.56 0.22 0.14
F-test 0.117 0.394 0.155 0.403 0.523 0.691 0.510080. 0.905 0.819 0.146 0.484 0.077 0.408

LSD for comparing means at the same level of treatri5% level of significance): 0.75
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Table 4.38: Effect of aeration system on phosphosuconcentration during the composting process

Treatment

Amount of Phosphorous, P (%, DM)

Sampling weeks

DAT

HV

TW

FA

LSD

F-test

0 1 2 3 4 5 6 7 8 9 10 11 12 14
437 2.27 336 267 358 288 378 504 395 415466 355 3.03 2.07
437 2.80 386 333 245 318 396 490 495 256.663 3.67 464 1.85
4.67 4.57 435 500 489 461 6.83 642 550 518986 4.17 485 2.02
467 3.17 341 270 265 239 445 564 554 397843 599 165 214
145 051 156 140 196 238 142 284 265512 298 218 156 0.85

0.912 <0.001 0.441 0.020 0.074 0.227 0.00680 0.480 0.190 0.069 0.104 0.007 0.860

LSD for comparing means at the same level of treatr{b% level of significance):1.82
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Mixing allows for better matrix uniformity allowingnutrient that may be
percolating to the bottom of the pile to mix wedlagn. The final compost piles recorded TP
concentration between 1.85 - 2.14% of DM, where>SFBAT > TW > HV. There were no
observed significant differences in TP at the fimahtment sampling date of week 14. The
recorded TP concentrations declined at the finaipdimg stage; which is possibly as a
result of phosphate leaching in soluble organiatesl The reduction in TP concentration
to about 52.63 - 57.67% on dry matter basis wabkemtithan values reported by Tiquea
al. (2002) which ranged between 23 - 42% for pig m@noomposting. This is
corroborated by the findings of Larnest al (2006). Again, like TN, phosphorous
concentration fluctuated according to reshapintguoring or aeration mechanism. It could
be realized that a decrease in TP value was prahipteeshaping or turning or moisture
adjustments to the treatments during the composgtiogess.

Different dynamics of TP concentration increasesn{®er, 2001; Tai and He,
2007) or decreases (Tiqué al, 2002; Parkinsort al, 2004; Ogunwandet al, 2008)
during composting have been reported in literatBr@msphorous is a less mobile nutrient as
it is able to form strong bonds with organic maged insoluble phosphate complexes with
calcium and magnesium at high pH (Tumuhaireteal, 2009. Sutharet al (2010)
acknowledged that the high levels of phosphorousanous forms during composting
could be by the influence of enzyme phosphatisePesolubilising microorganism
(microflora) present in the compost matrix. Howewde reduction in TP content during
the study is explained as the possible effect atheng or a slower rate of mineralization
relative to Organic Matter (OM) for the treatmgiles (Zhang and He, 2006; Huaref

al., 2004).
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4.8.9 Correlation of Physicochemical Parameters
The results of correlation coefficients (r), of thariables are presented in Table 4.39.
Correlation analysis is a measure of the degreassbciation between two variables. As
suggested by Swinscow (1997), absolute values lzgtween 0.0 — 0.19 are regarded as
very weak; 0.2 - 0.39 as weak; 0.4 - 0.59 as maoelefa6 - 0.79 as strong and 0.8 - 1.0 as
very strong. The correlation matrix of parametedidated that Total TP was largely weak
in correlating with other parameters investigatddwever, a fairly good association was
observed between Total Potassium concentrationt@mgerature and its transforms (T,
AT, andAT/T) with correlation co-efficient (r) of 0.644 (pG050), 0.657 (p < 0.050) and
0.675 (p < 0.010) respectively. Total Potassiurthim piles also recorded a good positive
correlation with MC, pH and OM,; resulting in r =587 (at p < 0.050), 0.798 (at p < 0.001)
and 0.578 (at p < 0.050) respectively. The con@labf TN to temperature and its
transforms yielded a negative and weak relationship

Particularly in MC, apart for the moderately negaticorrelation observed with
respect to TN, all other parameters examined detraied a strong to very strong
correlation relationship with MC. Thus, increasiM@ content during composting would
result in decreasing EC and kl@evels; however, the opposite was observed forrothe
parameters monitored. Other comparative parametarelated with temperature and its
transforms, such as EC showed significantly stroegative co-efficient (r = -0.846; p <
0.001) with the temperature (T) of the pile. Also,significantly strong and positive
correlation (r = 0.802; p < 0.001) was establishredelating AT to pH of the treatment
piles. The compost pH revealed a positive cormtatwith parameters such as the

temperature transforms TK, MC, N¥NO3z, OM, and TC (Table 4.39); while a negative
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correlation was evaluated for EC and NQMoisture content produced a significantly
positive strong (r = 0.89; p < 0.001) correlatiomhviemperature (T).

Indeed, a significantly strong positive correlatioslas observed in Ammonium
(NH,4") concentration and its ratio with correspondintrates (NH'/NOz) as was also
reported by Tiquiget al (1998). The report of Tiquiat al (1998) was further reinforced
with the observation of a significantly strong andgative correlation established in
relating nitrate concentrations with temperature éstransforms. Tiquiat al (1998) and
Szantoet al (2007) in their studies utilized temperature tedict the concentrations of
other pertinent parameters during composting, dukd good correlations established. The
correlation also corroborates the finding of Sazek®nedercet al. (2001), that nitrate ion
concentration was positively correlated with EC=(+0.664), but negatively correlated
with pH (r =-0.57).

Organic Matter (OM) and TC concentration showedni§icantly strong and
positive correlations with temperature and its sfarms as was also observed by Tigetia
al. (1998). Nonetheless, TN concentration showed akveea negative correlation with
temperature and its transforms for this study. O#féective correlations identified are
presented in Table 4.39. The significant differencetemperature development at the bio-
oxidation stage and the inductive passive aeraietdy temperature differences relative
to ambient air temperatures could be attributedthe different aeration systems
implemented in this study (Solam al, 2001). These phenomena observed could help
predict or explain the dynamics of some criticalgnmaeters needful for assessing compost

maturity.
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Table 4.39: Correlation between physicochemical pameters observed during river reed composting

CIN AT ATIT EC MC NH,"  NHJ/NO;  NOj oM T TC TN pH
CIN 1
AT 0.493 1
ATIT 0.51 0.99% 1
EC -0.405 -0.83% -0.798° 1
MC 0.618* 0.881 0.859° -0.789" 1
NH," 0.572*  0.582* 0.53  -0.587* 0.618* 1
NH,/NO5 0557 0757 069f -0.728 0.876° 0.759 1
NO5 -0.3 -0.744 -0.684 0664 -0.834° -0.543* -0.90% -
oM 0.601* 093 0.895° -0.833° 0912 0684 0858  -0.801F 1
T 0.528  0.996 0.982° -0.846° 0.89% 0.578* 0.774  -0.757  0.947 1
TC 0429 0.85f 0.807° -0.807 0807 0.574* 0.838 -0.77° 0.842° 0.859 1
N -0.94¢ -0.317 -0.337 0343  -0.427  -0.499 -0.405 0.119 43D. -0.361  -0.251 1
pH 0.414  0.80% 0.802° -0.604* 0.758  0.481 0.607*  -0.57*  0.78 0.785° 0697 -0.194 1

* #and”® indicates the Significant level of90.05, p< 0.01, p< 0.001 respectively
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4.8.10 Predicting Total N, P and K in compost matrix

The variability of feedstock (plant material, litesk manure, and inoculants) may
significantly affect the prediction models constadtto rapidly estimate chemical or
nutrient content in substrates. Rapid, clean amd dost prediction models would
enable compost producers to quantify concentraifoparameters in feedstock and
aid in optimizing feedstock or substrates duringposting. Although a couple of
authors have used a simple linear regression @rédict nutrient in manure or
compost (Tiquiaet al, 1998; Moralet al, 2005; Chenet al, 2008) recent
submissions reveal that multiple regression tretwlsncrease the accuracy of
predictions (Yanget al, 2006). Tiquiaet al (1998) and Chandat al (2010) utilized
temperature or time in predicting contents of thepost substrate.

Because the treatments were ascertained to besitita by convective and
diffusive heat transfers (through passive aeratiyfiaet al, 2006), which are noted
to influence nutrient losses or microbial behavidemperature and its transforms
are used in explaining these phenomena in the mmtisn of the model.
Physicochemical parameters considered include HC MC, OM, MC/OM and T
and its selected transforms. Thus, the physicoatenpiroperties observed during
composting and used in the construction of the nsodee reported in Table 4.40.
The results presented are part of a large arresseeéral models tested predictions

using the physicochemical parameters.
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Table 4.40: Regression equations for nutrients ithe composting of river reed

Treatment DV Modelled Equation R? F
MC
20.94 + 0.1097MC — 7.24—= — 0.3549 - OM —
T™W ™ o oM 0.997 0-040
6.05 + 0.1325 - AT — 0.5389 - EC
MC
—214.05 — 1.6393MC + 64.86 — + 1.2269 -
P i oM 1.00 0.009
OM + 194.64— + 4.7521 - T — 6.4733 - AT
MC
25.58 + 0.4541MC — 17.856 — — 0.5563 - OM —
TK o oM 1.000 0013
7.292% +0.06933 - AT —0.2377 - EC
MC
6.56 + 0.460MC — 7.30 — —0.2737 - OM —
DAT TN - ju 0.916 0204
35.05% +0.1059 - T+ 1.190 - EC
AT
1p —8338-23621'MC+17983-OM+1296=-+ o0 0.020
0.9893 - AT + 10.606 - pH
—14.172 — 0.32303 - MC + 0.10605 - OM — 0.012
TK MC 1.000 -
48765+ 023482 - T + 2.288 - EC + 2.4452 - pH
MC
113.5 + 1.445 - MC — 54.5— — 2.348 - OM —
HV TN " oM 0.979 0.015
7.12% —8.00 - EC
MC
= 264.02 + 2.1501 - MC — 82.02 5= — 3.5705 1000 0.016
OM + 0.23649 - T — 13.601 - EC — 10.981 - pH
97 RS TrlD - MC 27132200 50.2% - 0.983 0.091
TK
28.69§ + 0.1979 RSB 0REC
MC
A 1N 32136+3.6180 MC — 16678 — 4.6566 100 0015
OM — 0.14836- AT — 11.365 - pH — 6.3242 - EC
MC 0.997 0.039
~3.481-EC—0.2505- OM — 2248
TP AT
+47.50— — 0.7897 - AT — 6.463
-pH + 96.14
0.977 0.107

MC
TK 0.200-EC—1.135-OM + 0.940 - MC — 40.44O—M

—0.2756- AT + 0.2573 - T + 44.26

DV — Dependent variable; F- F probability; Numbésample (n) used in each analysis -

21samples; R co-efficient of determination

The coefficient of determinations {Rranging from 0.916 - 1.000 was obtained for
the selected models used in predicting TN. The begtessions for TN showed
significant differences (p < 0.05), but for treattheDAT (Table 4.40). Total
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Phosphorous (TP) predicted with the physicochemipatameters showed a
significant difference for all treatments consideréd very good coefficient of
determination (B ranging from 0.997 - 1.000 was obtained for teatments. Also,
the analysis conducted for TK prediction modelsdated significant difference (p <
0.05) in WT and DAT treatments. No significant diffnces in TK were observed in
the proposed models for treatment HV and FA Tabl@.4Typically, the temperature
transformation effect revealed a decreasing tremdTN. However because of the
aeration effect exhibited by treatment FA, whictsued a higher aeration of the
pile, the temperature transform was limited to terafure difference and not the
ratio of temperature difference and ambient tentpeza Notably, treatment DAT
recorded the highest effect of temperature transfduring the prediction of TN
concentration; indicating that a unit change intthigo of temperature difference to
ambient temperature may result in TN loss of al3&ud5%.

Total Potassium concentration prediction was hgaiwifluenced by the
moisture content to organic matter ratio paraméthis parameter has a decreasing
effect on the Potassium concentrations. Thus, insrease in this ratio would result
in between 4.876% to 50.02 % decrease in TK, &kkoparameters kept constant,
depending on the aeration treatment that the satbss subjected to. As reported in
other single or two-factored regression model aig)yJEC was a strong predictor of
TN and other nutrient parameters in the constructedels (Moralet al, 2005;
Yang et al, 2006; Cheret al, 2008). In this study, depending on the influente
aeration technology on physicochemical parametbes,dependency of a factor(s)
could have an increasing or decreasing effect errésponse variable. Findings by
Chandaet al. (2010) corroborate this position, that differetiapes of composting

could influence nutrient concentration predictidiguia and Tam (2002) employed
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quadratic regression to explain various propertiesng composting of poultry
manure. However, the coefficient of determinati@Risreported in their experiment

were in most cases less than 0.45.

4.8.11 Heavy Metal Concentration in Compost

The presence of heavy metals in the finished compasstitutes a very important
problem from an agricultural and environmental padh view. As indicated by
Richard and Woodbury (1992), data from both expenital trials and operating
facilities indicate that the lowest levels of cantaants are achieved by targeting
materials that are less susceptible to heavy cangion (agricultural biomass, yard
trimmings, and some manures or food waste) orcgsseparation of compostable
product, especially with MSW. This emphasises thet that, the feedstock (raw
material) used in composting could significantlfiluence the level of contaminants
(heavy metals) identified in final compoBurthermore, the total metal concentration
in compost is important in controlling crop uptakdabile elements, like Zn and Cu,
which increases with increasing total content oésth elements in compost.
Nonetheless,Smith (2009) reported little evidence of phytotoxatfects, or
accumulations of metals in crop tissues that maeporisk to human health, from

application of MSW-composts to soil.
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Table 4.41: Heavy metal analysis of river reed copost quality

Parameter LECC LC TW DAT HV FA Clay RR
mg/kg of DM
Manganese (Mn) - - 0.44 0.43 0.40 0.40 0.340.40

Cadmium (Cd) 0.7 1.0 _1.93 2.00 2.10 1.82 2.65 0.83

Chromium (Cr) 50 50 1091 11.98 10.44 10.53 10.94.84
Copper (Cu) 25 60 12.86 14.34 1694 14.83 11.58.14
Mercury (Hg) 03 02 ND ND ND ND ND ND
Nickel (Ni) 10 20 6.42 7.67 565 7.20 843 451
Lead (Pb) 65 100 4.99 732 524 398  7.132.86
Zinc (Zn) 75 200 197.34258.67 294.33 250.54 201.33 243.47
Arsenic (As) 5 15 0.82 081 112 0.33  0.36 0.50
Cobalt (Co) - - 538 570 374 480 9.82 2.08
Molybdenum (Mo) - - 262 306 209 233 482 1.06

LECC- Limit for ‘Extra Clean’ Compost; LC-Limit foCompost, by the Dutch standard, the
strikethrough indicates observations exceedingd tfmé for ‘Extra Clean’ Compost; g-mean

of four replicates analysed in ICP-OES

Clay gave the highest contribution of Cd, Cr, Ch,d2d Co. However, river
reed showed the highest levels in Zn, with diffeeewithin 13.20 -2 8.66% in
comparison with clay. Table 4.40, alsbows that Zn, Cu and Cr are the elements
present in théargest amounts. However, Cd and Zn exceeded theeotration for
the Dutch Limit for ‘Extra Clean’ Compost (LECC)Clay, from Table 4.40, is
reflected as the major contributor of Cd; whileeriveed (RR) could be the main
contributor of Zn elements in the treatment pidsvertheless, these elements occur

naturally in the feedstock.
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The study have demystified the key sources to bajitentration of some heavy
metal content which impacts on quality of comppsiduced from the VREL
composting facility. These were identified as tiverreed and clay which served as
part of the main substrates used by the facility was adopted for the study. Thus,
heavy metal quality of compost in this experimeraswmainly influenced by
feedstock (clay and river reed) than of the metbbderation. Process efficiency
relative to organic matter turnover was much swpewith the passive aerated
composting systems (DAT or HV); compared to thevactystems of mechanical
tuning (TW) and Forced-aerated (FA) systems. Howegenservation of Total
Nitrogen favoured treatments TW and FA, compareDAd and HV, although the
difference was not very significant (p<0.05). Thosegrall, treatment DAT had a

better process efficiency compared to other treatsne
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CHAPTER 5 : CONCLUSIONS AND RECOMMENDATIONS

This Chapter puts forward the findings from thisidst addressing the research
guestions highlighting the major contribution thets been made to the body of
knowledge on composting and also some recommemdata future studies. This
study was undertaken to examine the effect of teedsformulation, turning
frequency, and aeration mechanisms on processeeiti of windrow composting of
abattoir waste and river reed. From examined liigeaand studies on this field
critical factors that promoted or limited the sussfel operations of community and
large scale composting facilities, such as in depialy countries like Ghana have
been highlighted. These also exposed the needséstigate the effect of the choice
of feedstock composition and aeration mechanismthen process efficiency of
composting of abattoir waste and river reed which dgeemed as less investigated
compostable wastes. Also, the need to predict cetnpatrient content rapidly
without necessarily conducting expensive laboratmmglysis, which has not been
widely reported on was investigated. The study eskld some critical gaps in the
knowledge of composting process efficiency (rate dgfcomposition, nutrient
conservation or compost quality, and sanitizingeptial) on abattoir waste and river
reed by answering these questions:
1. Does feedstock formulation significantly affect theocess efficiency during
the windrow composting of abattoir waste?
2. Does turning frequency significantly affect the ges efficiency during the
windrow composting of abattoir waste?
3. Does the interactive effect of feedstock formulatimd turning frequency have
any significant effect on process efficiency durthg windrow composting of

abattoir waste?
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4. Does the mechanism of aeration of river reed compiteshave any significant
effect on the process efficiency?
5. To what extent can physicochemical parameters bd ts estimate nutrient
content of piles during composting?
Thus, one would need to examine the sanitizatidenial (T>55°C), salinity, heavy
metal limits, nitrogen conservation, and organidteradegradation or mineralization

to draw a conclusion on which treatments satisfiéetter process efficiency.

5.1 Effect of Feedstock Composition on the Process Dymics and Nutrient
Content during Abattoir Waste Composting

Composting of abattoir waste was successfully cotetl to achieve maturity

(Temperature, C/N and OM especially) within a peéras about 90days, with main

findings as follows:

» Abattoir waste composted as AMYC (with source safgar market waste, corn
straw/cob and yard trimmings) demonstrated a beéritization potential, based
on temperature, compared to the other feedstocHiestu Thus, Feedstock
composition influenced temperature development,hwieedstock AMYC
recording the highest peak temperature of %.7and recording the highest
sanitization potential (& for about 4days; and temperature-time profileaare
above 58C of 8.73°C-d). Characterizing composting through the dewalent
of temperature-time profile show that feedstock position significantly
influences the temperature dynamics. Furthermeezdtock with seemingly less
lignin content demonstrated a better sustainedntbghilic temperature that

could sanitize the compost.
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The most crucial factors influencing temperatureedtlgoment are Total Nitrogen
(TN), Organic Matter (OM) and Moisture Content (M@} was observed in the
correlation analysis. The study also establishat tectrical Conductivity (EC)
was negatively and significantly correlated to tenapure with respect to
analysing the effect of feedstock on process efficy.

The order of kinetic degradation of organic mattethe compost was of first-
order for feedstock ACC (comprising abattoir wastesn straw/cob and cocoa
pod husk); while feedstock ACS (comprising abatizaste, cocoa pod husk and
sawmill waste) and AMYC (consisting of abattoir weasource separated market
waste, corn straw/cob and yard trimming waste), wfaa zero-order with the
former showing a higher rate constant. Also, eualdianitrogen loss during
composting was between 41.8-58.35% (ash free basif) AMYC emerging
with the highest value. Whereas, in terms nitrogalne conserving the compost
ACS may serve a better feedstock compared to AMNCACC.

The compost produced relative to feedstock comiposiindicated a clean
compost quality acceptable by many standards (B®I5; Day and Shaw, 2001).
The level of TN, P, K in the final compost was witlacceptable range for plant
application (having mean values ranging as folloiv82-1.50% TN, 1.20-2.01%
TP; and 2.97-4.20% TK). Furthermore, the electrazaiductivity analysed from
produced compost did not exceed the recommendetbtpkicity limit of 4

mS/cm.

The application of this conclusion serves to ging &ser a guide to optimize on

which parameter best answers his/her particulad mgart for compost sanitization.

Thus, in this very study, because AMYC was the ofdgdstock which was

characteristic of sanitizing potential pathogensisiselected as the primary and
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optimal choice for composting; although it's markedth a lower nitrogen

conservation and organic matter mineralizationstate

5.2 Effect of Turning Frequency on the Process Dynamicsand Nutrient

Content during Abattoir Waste Composting

The process efficiency of the composting of abatiwste under the three turning

regimes studied can be concluded as follows:

The sanitization potential of treatment 3DT was mowre remarkable than
the other treatments (%5 for about 2days; and temperature-time profil@are
above 58C of 6.10°C-d). Based on the size of this pile, thermophiigime
were better achieved in piles turned about thregs d8DT) apart as
compared to turning seven day (7DT) and fourteeys dd4DT) apart.
Therefore, it can be said that frequently, in ttase three days apart, turned
piles produce better sanitized compost comparektds frequently turned
piles. Nonetheless, the piles could not sustaiir tleenperatures over the
55°C reference; because the results also points tofabe that frequent
turning (3DT) of the piles after they have reactieglr peak values facilitate
cooling than bio-oxidation.

Electrical Conductivity increased with turning fremcy; however, the
salinity (EC) of the final compost for all treatntemas less than the salinity
limit value suitable for agriculture application.

Increased turning frequency facilitated a highete raf organic matter
decomposition or bio-oxidation; thus treatment 3Was able to better

stabilize the organic matter or carbon in the piles
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* More so, turning on a weekly (7DT) or fortnightl$4DT) basis ensured a
better TN conservation in the compost pile, witke thtter demonstrating a
higher propensity for TN conservation. The TN lass ash-free basis was
less than 50% for all the treatments.

* The macro-nutrients of Nitrogen, Phosphorous and€3aum were within an
acceptable range for agricultural allocation (11345% TN; 1.41-1.66% TP;
and 3.41-3.83%TK). Heavy metal concentrations werthin the limits
suitable for agricultural purposes and could aatnaso nutrients in the soil.
Generally, a frequent turning regime did not inflae significantly the levels
of heavy metals concentration during the compostirgpattoir waste.

The application of these findings is that, turnfngguency significantly affects the
process efficiency during windrow composting of thtia waste. Thus, a three day
turning frequency (3DT) achieved a better procefisiency comparing turning

frequencies, although its Nitrogen conservati@s \the lowest amount treatment.
The 3DT treatment had a better sensitization pstemrganic matter mineralization

or stabilization, and nutrients quality were congide to other treatments.

5.3 Effect of Aeration Mechanism on Process Dynamics anNutrient Quality

for the Windrow Composting of River Reed

The study evaluated aeration mechanisms (two pgssmechanically turned and
forced-aeration) for windrow composting system,ahproduced these findings:
 The passive aeration system designed at full sesalewed prolonged
thermophilic temperatures as compared to the mecdibn aerated
composting system. Compost sanitization was bettdtieved in passive

composting systems (DAT and HV) than in mechanjc@lirned Windrow
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(TW) and Forced Aerated (FA) systems. These recotelmperatures above
55°C than in the forced-aeration system.

The river reed compost quality proved to be suédbl agricultural use with
respect to its salinity (EC < 3.5mS/cm) and pH eal(i7.5-8.2).

The method of aeration system significantly affddiee turnover on organic
matter during composting. Aeration systems examstenved that river reed
composting under DAT (passive aeration) yielded wchmsuperior organic
matter turnover compared to other treatments.

The process efficiency in relation to Total Nitrageirnover showed clear
signs of nitrogen fixation. The investigation susfgethat conservation of
nitrogen during river reed composting favoured naeitally turned windrow
(TW) piles. This aeration mechanism had a significanfluence on the
nitrification of the compost piles, as maturity icator (NH,"/NO3” <3.5) was
better achieved with aeration systems ranked as,DAVW, FA and TW
respectively; in the river reed composting process.

Phytotoxicity contribution as from heavy metal centration in the final
compost was only noticed in Zn and Cd (accordirgDiatch Standard Limit
for compost), which were intrinsic in river reeddaclay used in the initial
feedstock formulation. The phytotoxicity of Cd wst#l persistent when even
compared with BSI (2005). Thus, VREL or other mtittes should be
mindful to reduce the soil or river reed conteritisg up composting pile;
since they are major contributors of Zn and Cd eotr@tion to final compost
quality.

This study provides the basis to support the ioion that using a single

parameter such as Temperature, pH, EC, OM losd,d84, or C/N ratio as a
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maturity index of compost made from river reednisufficient. Temperature,
EC, OM Loss, TN loss C/N, NF¥NOs are important parameters that can be
used as maturity and process efficiency indicaiorsiver reed composting.
Also, findings from the study suggest that composturity should be
assessed by measuring two or more compost paranatef that parameters
of compost maturity for river reed need to satisfg following threshold
values consistent with literature at full-scale posting: NH*/NOs ratio <
3.5, C/N ratio < 15; stable OM Loss, TemperaturBC®C. Thus, treatment

DAT had a better process efficiency compared terotteatments.

5.4 Effect of Feedstock Composition and Turning frequeay on the Process

Dynamics and Nutrient Content during Abattoir Waste Composting

The process efficiency observed when both feedstawkposition and turning

frequency were considered for the composting ottaivavaste could be concluded

as follows:

Feedstock AMYC with all three turning frequenciesntbnstrated better
pathogen sanitization potential compared to otfeatinents.

The study revealed that, the interactive effectegdstock composition and
turning frequency influenced monitored parametachsas Temperature, EC,
pH, OM, TN. The recommended phytotoxicity limitsutm not be sustained
in feedstock containing market waste (AMYC) thatswarned three days
(3DT) and seven days (7DT) apart (4.23mS/cm andiSIcm respectively).
This was due to the intrinsic properties of marketste which had high

Electrical Conductivity (EC) values compared toestfeedstock inputs.
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* Treatment ACC-7DT recorded the highest bio-oxidatrate of compost
through organic matter degradation. Thus, indicatitat a good combination
of feedstock formulation and turning regime is remkedo hasten the
degradation rate of organic matter.

» Conservation of TN was better in treatments of A& ACS, than in those
of AMYC. The presence of recalcitrant carbon sosiras bulking material,
such as lignin, may have influences the level esé&s in the treatments. The
treatments were able to produce compost with mitgeality ranging from
1.28-1.53% TN, 1.13-2.14% TP and 2.41-4.51%TK, Whscconsidered very
suitable for agricultural application.

* The heavy metal levels in the final composts werthiw the acceptable

limits for agricultural application.

5.5 Estimation of nutrient content of piles during compsting using

physicochemical Parameters

Prediction models were successfully formulated toedjgt Total Nitrogen

concentrations (TN) during composting using physimonical parameters that are

easy to measure. Four to five parameters such aplECGOM, MC, MC/OM, T AT,

or AT/T were utilized to fit the models to predict centrations of TN, TK or TP

during the composting process.

» A predictive model to predict TN during compostiofgabattoir waste, based

on feedstock composition, was established with \&rgng coefficient of
determination Rranging from 0.879 - 0.99. This means that TN doo#

computed easily during such a composting procesenwiprocess
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temperature, pH, Organic Matter content (OM), MaistContent (MC) and
Electrical Conductivity (EC) are known.

A near perfect predictive model, with coefficieritdetermination R> 0.99,
was modelled for the prediction of TN during compug with respect to
turning frequency on abattoir waste. These modefedding on the turning
regime could utilize some five of the physicocheahiparameters such pH,
EC, T,AT, AT/T, MC, OM, or MC/OM to fit the model.

The study on abattoir waste composting was alse tbrelate to nitrogen
concentration with parameters such &§; T, EC, MC and pH at +of 0.63
considering both feedstock composition and turrfiregiuency; while using
treatment AMYC-3DT as a reference treatment.

The coefficient of determinations {Rranging from 0.916 - 1.000 were
obtained for the selected models used in predictiNgduring river reed
composting with respect to the different aeratiechanisms studied. A very
good coefficient of determination fRranging from 0.997 - 1.000 was

obtained for the prediction of TP and TK during tmenposting of river reed.

Composting process efficiency is influenced by f&edk composition, turning

frequency and aeration mechanism selected for exedion, and an appropriate

maturity criteria and predictive models have bedentified to estimate essential

nutrients such as Total Nitrogen during composting.

5.6 Contribution to Knowledge

This comprehensive study allowed for the comparisbsome major composting

experiences in Ghana, the dynamics of feedstockposition and turning frequency
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on abattoir waste composting, dynamics of aerat@thanism during river reed
composting, and formulation of nutrient predictioodels based on physicochemical
process parameters. The study concludes that tkegommon aeration mechanism
of aerating composting piles is by mechanical tugniwhich could be replaced or
supported by passively aerated system. The resemock undertaken added to
contemporary knowledge regarding the evaluatioprotess efficient (sanitization
potential, organic matter turnover, nitrogen tumowand nutrient quality) during
composting of less utilized feedstock such as abattaste and river reed. The
study revealed feedstock formulations have a saamt impact in achieving optimal
process efficiency during composting; likewise ttuening frequency and their
combined treatments. Thus, this study has claddifie development of maturity and
nutrients dynamics during composting, which camti&ed in setting standards for
composting operations; and have assessed thepfiodilicts for both agricultural and
environmental benefits. The work validates the r@gsethat simple aeration systems
could be used to manage composting processesléatrdie performances in other
mechanically managed facilities. Also, the studwén been able to adopt less
demanding monitoring parameters to develop modes$ predict macro-nutrient
content (TN, TP and TK) during the composting oétatir waste or river reed with

similar feedstock composition or aeration mechanism

5.7 Recommendations for Future Studies
This study has provided a good insight into thecpss dynamics of less studied
feedstock (abattoir waste and river reed) and ftifecteof turning frequency or

aeration mechanism on composting process efficiehRlowever, the studies also

200



identified some related issues that need to beeaddd to progress research in this
area, and have been highlighted as follows:

1. Further studies should be considered for similadétock to assess the
microbial activity under different turning freque®s or aeration mechanism.
This would enable process Managers to identify thehaviour of
microorganism as a pathogen or beneficial organism.

2. The impact of applying compost products on soil$ emops, from the studied
feedstock, are yet to be comprehensively constdeThus, there is a need
to conduct such studies on different crops to asicetheir impact on crop; as
sole compost product or enriched with mineral ligdtr.

3. There is potential to further improve and validgieedictive models on
macro- nutrient for field treatment trials.

4. Furthermore, a Life Cycle Analysis (LCA) on compogt aeration
mechanism (mechanical tuned, passive and forceati@ertechnologies)
considering their environmental impact and econoausts would help in
formulating decision making tools to facilitate exffive planning of such
system in urban or .rural communities. These atpoges the need to further
examine the condition for a commercially viabiltpmposting facility by
comparing their underlines financial indicators d azondition under which

they operate. their operations

The use of dewatered faecal sludge as an amendnaatial for composting river
reed could be investigated to replace poultry manwhich may not be easily
accessible and could be costly to sustain farmersperators seeking to compost

river reed.
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APPENDICES

Appendix A: Composting Facility Questionnaire

KWAME NKRUMAH UNIVERSITY OF SCIENCE AND TECHNOLOGY
(College of Engineering)

Faculty of Mechanical and Agricultural Engineering

Department of Agricultural Engineering
COMPOSTING PLANTS IN GHANA

Questionnaire survey:

Name of

Name:..... ./ ... S . e W, N

Position: | . ... B S L e e el - - - . b .- oceoeeeeiianaanns
COMPOSTING PLANTS IN GHANA. Questionnaire Survey

Questionnaire ID: Date:

This structured questionnaire is been used as part of a research composting plants in Ghana. It is part of a
department’s project in the Faculty of Agriculture, KNUST and will be very pleased if you can gladly
assist.

The data collected will be treated with utmost confidentiality. The data collected will be treated without
personal information revealed, and results will be presented as group data. You may attach any
important formation that could be useful to this research (pictures, documents etc).

You may involve an official in your organization to make contribute to this questionnaire

Thank you for your cooperation and participation in this important exercise
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COMPOSITION

1. Why the choice for composting?
a. Waste treatment method D
b. Product development(organic fertilizer) |:’
c.Both D
d.Research/ Fact finding D
€. OIS L

2. Is composting the most appropriate method to treat your waste?

a.Yes D
b.No []

C.COMMENTS ..t

3. What materials (organic waste) are used to prepare your compost?
a. Solid waste (domestic and market wastes) D
b. Horticultural and agricultural waste: garden refuse. leaf litter, cut grass D
c. Agro-industrial waste: Palm waste. abattoirs waste. breweries waste etc [ |
d. Sludge and bio-solid: human faecal matter []
4. Others.................. CESEEEEEEECTC T SRR . .......................ceeeneee

5. What percentage of your material feedstock is produced within your facility for
composting?

a. Composition from facility (%) ...............

b. Composition from outside facility (%) ...............

Total 100%

a. Farms D
b. Processing and agro based industries []
c. Septic tanks and treatment plants D
d.Homes, institutions and commercial centers D

e.Others...........o ;. B ™ e
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7. Does your facility pre-treat feedstock material before using for composting? (e.g.

sorting, shredding, cutting )

a.Yes D
b.No []

If yes please

8. Which competing uses affect your feedstock availability?

a. Damping on landfills D b. Soil amendment D

¢. Feeding livestock D d. Fuel D

e.

Others.................... R e R g ... e

9. What is the composition of your initial compost pile?

Substrate

(% v/v)

or
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DEMAND

10. Who is interested in your compost?

a. Urban and peri-urban farm facilities D b. Real estate
¢. Landscape design [] d. Horticulture

e. In-house []

[]
[]

1

—

. What is their experience and/ or perception of the product?

a. Excellent |:] b. Very good D
¢. Good [] d. Fair |:|
e. Poor |:|

12, What is the quality of your product?
(%0) (gkg)
C B eeeeeereeeenns
N 4#Eas. 0 ...
P 5 [N . ...
K e r F ="y .
Ca e, eeeene
Mg = S S ...............
PE ", S . . .
OreamiCMAtter ()i " S B T ==
Others W 0 — =l ¥ J Wt Y
13, Isyour facility able to meet the demand for compost supply?

a.Yes |:|
bNo [ ]

14.

Are there special constraints to compost use related to cultural aspects?
a. Taboos L] b. Gender
¢. Compost marketing [ ] d Handling [ |

e. Quality —
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PROCESSING

15.  What processing parameters do you use to monitor the composting process?

a. Temperature |:| b. Carbon dioxide l:l
c.Oxygen D d. Moisture content |:|

16.  What strategy and equipment do you use to aerate your compost pile?
a. Turner |:] e. Pipes(pvc) D
b. Blower D
c. Front loader D
d. Shovel/ fork l:]

17.  What is the frequency of aeration or turning?

a. Daily |:| b. Monthly |:|

c. Weekly \:] d.Other ...............

18.  How long does it take for your compost to mature?
a. Within 2 months D b. Within 3 months D
¢. Within 4 months [:] d. Within 5 months D

19.  What is your installed capacity for compost production?
a. 10 tonnes per week D b. Within 10 -20 tonnes per week |:|
¢. Within 20-30 tonnes per week |:| d. More than 40 tonnes per week |:|

20. How much compost is produced?
b. Less than 60 tonnes per week Y b. Less than 30 tonnes per week []
¢. Less than 15 tonnes per week [ ] d. 5 tonnes per week ]
Others. /... SNSRI ... . ... i TORRRERR T, ... Y. ...

21. Equipments Purpose Capacity

Turner

Front Loader

Shredder

[l
[]
Sieve Drum D
0
[l

Pipes

others
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22. Equipment Fuel consumed per week GH¢ | Electricity consumed per weekl GH¢

Turner

Front Loader

Sieve Drum

Shredder

Pipes

others

ECONOMICS

23. What is the average cost per month of energy (electricity) being used at the

composting facility?

a. GH¢ 60 per month |:| b. Less than GH¢ 80 per month |:|
c. Less than GH¢ 100 per month |:| d. Less than GH¢ 120 per month [ ]
Others. .....cociiiiiciincncncncenee.- 4 JICTREEEEIEEE. . . ... ... .. .. .. iieiicincnncncaccacannnns

24. What is the average cost per month of energy (fuel) being used at the composting
facility?
b. GH¢ 60 per month |:] b. Less than GH¢ 80 per month |:|
c. Less than GH¢ 100 per month |:| d. Less than GH¢ 120 per month :]
Others........ocooveeneo ... N L0 00 TN . . . ...................cconmnmnnn.

25. What is the average cost of collecting feedstock material to the composting

facility?
c. GH¢20 per week [:I b. Less than GH¢ 40 per week :|
c. Less than GH¢ 60 per week | d. Less than GH¢ 80 per week ]
Others......... ... K o g ... R - i

26. What is the average cost of operating the Composting system? (labour. utilities)

a. about GH¢50 per week |:| b. Less than GH¢ 100 per week :|
c. Less than GH¢ 150 per week [ ] d.about GH¢ 200 per week ]
Others...... 4 ..... W . ... ... o - - -l ... .0. ... ...l

27. How much compost are you able to sell outside your facility?

a. 5 tonnes per week |___| b. Less than 10 tonnes per week |:l
c. Less than 20 tonnes per week |:| d. 40 tonnes per week |:|
Others. .. M ol e . i . ... MW L

28. Tonnes produced per | Production cost. Gh¢ per | Price compost. Gh¢ per

year tonne tonne

29. Do you have a market or a potential market for your compost?
a. Yes |:|
b.No [ |

30. Does you facility justify the need for municipal subsides for compost producers in

Ghana?

a. Yes I:I
b.No  []
Comments




Appendix B: Electrical Control Circuit For Forced A eration Experiment

SIMULATED CIRCUIT

Vi

+VE w -VE
220 Vrms .
R2 60 Hz ;%'
%} g U ]
O—T‘C
60 sec
RELAY_NC R1
RELAY_NC
L
LAMP
B
()
2/
MOTOR 9
T1 T2 .
I @ ] I @ ] %}RZH
900 sec
60°EET RELAY NC
R2i
RELAY_NO
R1i T3
%) % =)
RELAY_NC S

SPECIFICATIONS OF COMPONENTS
* Two (2) Relays (MP-2) - Sungho (Korea)— (200/22@/A60Hz, 200VAC,
50H2z)
» Two (2) pieces of Fuji Super Timer Multi-range (%03 Fuji (Japan) - 200-

220V 50/60Hz (No. B23K)
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* Terminal Bar

* Green illuminated pilot lamp (PR30P-2) Sungho @)r—(220V/6.3V)

» Socket Switch (30A)

» Plug (U.K Standards)- BS506- 15A 250V

* Pump specification: Dietz-motoren KG, type-WN 1Fagwer - 0.4 kW, Static

pressure -550Pa, )y — 18ni/min

OPERATION OF CIRCUIT
When the switch to the circuit is closed, currdoté through the contacts of the
Relay-R2 which is normally closed to the coils omér - T1 at node (7&2) and

Relay-R1 at nodes (7&2). The light comes on andtbeer also starts operating.

After 1 minute, the coil of Timer-T1 energizes to close its ndiynapen contact
between nodes (1&3) and (8&6). This current rea¢telay-R2 coil which energizes
simultaneously closing its contact between (8&6]J é&3) nodes. Also opening its
normally closed contact R2 between (1& 4) and (8&8&jles. This de-energizes the
coils of T1 & R1. Also, the light and the blower g& for 15minute. Hitherto, the
opened normally closed contact of Relay-R1 betwewmtes (1&4) and (8&5) closes

as Relay-R1 is de-energized.

After 15 minutes the current reaching the coil oh&r-T2 energizes it, opening its
normally closed contact between the (1&4) and (8&8Jles. This de-energizes the
Relay-R2 which closes its contact between the (18@es. This energizes Relay-
R1 which intern opens its normally closed contaetween the nodes (1&4) and

(8&5). This de-energizes the coil Timer-T2. The \ehprocess then gets repeated.
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Appendix C: Geographical Locations of Surveyed Compsting Facilities

o
E s
-
L
=
3
Eastern .-*?
e
2 1%
. 2
-3
as e
A
] . .
f? Coordinates of the Sites
id ] ¥ Feature
1 00891433 6117272 WVREL1
J’ 2 0055832 6116314 WREL 2
3 -0.038518 5610347 AMALCP
! 4 -0.218332 5532738 AKOP
,I'I 5 -0355730) 5779058 BLUESKES 1
| 6 -0353060 5780953 BLUESKIES 2
T o-l542742 5540937 TORP
_,."' 8 -13913661 5.108433 BOPP
. g -0382275 5739380 ACARPIL
n
“’i L~ Legend
¥
I\!"\!\rﬂ = Composting Sie
i ] FRegion
1 o
s, .
'l'l ‘\ "'_'_\._I"‘-_F"I.
‘i;t " L T, —
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Appendix D: Modelling Composting Temperature-Time Rofile

Appendix D1: Determination of Reference Areas undethe Temperature -Time
Profile during Composting Using A MATLAB Routine Adopted
From Mason (2007, Pp 345-6)

%Area Under a Temperature curve
%a script file to determine A40 and A55 from expegntal data
%method: determine T*deltat where deltat is thepgerature logging
% interval (1 d in these experiments)
%assumption: deltat is spread equally on either sfdhe logging time
% T=input(‘enter temperature profile name : '
% int=input(‘enter interval for temperature ratayd ");
%enter fixed data
%T=[51.167 71.16706 71.86451 71.73276 68.6321 BN32

% 52.76008 57.41103 61.56305 63.1924 60.40108569...

% 63.16077 61.78376 52.72936 48.87814 54.588638638...

% 61.2949 62.48706 62.08674 63.01238 62.5533R6637...

% 62.8254 63.50834 58.5218 47.61474 50.168540331...

% 54.48345 56.53913 57.41138 56.89938 55.388271389...

% 58.11171 58.38066 57.81851 58.2856 57.912530546 56.42119];

T=[27.00 53.33 52.33 55.33 56.67 52.33.33 51.33.
44.00 44.00 42.00 43.33 45.33 4148300 45.00.
43.33 41.67 45.00 44.67 41.67 4141.33 42.00.
40.67 48.33 41.00 50.00 46.67 4444.00 40.33.
40.00 39.00 42.00 40.33 35.33 36.86.00 41.00.

40.67 40.33 33.33 33.00 32.67 338B67 32.33.
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30.33 30.29

27.33 29.00

28.00 29.33

27.72 27.58

27.46 27.31

30.00

29.67

28.00

28.00

27.31

29.67

29.33

28.33

26.00

28.33

28.67

28.33

28.33

27.95

26.00

2823300
2889.71
282067
282047

27 BB.67];

int=1;%interval (1 d in these experiments)
deltat=1,%(d)

%calculate temperature interval >40
T40=T-40;

%eliminate negative values
[i,j]=find(T40 < 0);

if length(i)>0

for m=1:size(i);

T40(i(m),j(m))=0;

end

end

%calculate individual areas
areas40=T40.*deltat./2C.days
%calculate total area
A40=max(cumsum(areas4M.days
%calculate temperature interval >55
T55=T-55;

%eliminate negative values
[k,=find(T55 < 0);

if length(k)>0
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for m=1:size(k);

T55(k(m),l(m))=0;

end

end

%calculate individual area
areas55=T55.*deltat./2pC.days

%calculate total area
A55=max(cumsum(areas53)\C.days

%calculate maximum rates of temperature change
n=1:int:(size(T,2)-int);

deltat=(T(n+int)-T(n));

deltatmax=max(deltat);

deltatmin=min(deltat);
Tratemax=deltatmax/irttoC/d; max rate of increase

Tratemin=deltatmin/intoC/d; max rate of decrease

244



Appendix D2: Modelling Temperature -Time Profile in Composting System:
Using the Dynamic Fit Wizard of Sigma plot 10.0

Equation:

f=y0+yhm*exp (-exp (-km*(x-tm))) +yht*exp (-exp (tk(x-tt))) -

... yc*exp(-exp(-kc*(x-tc)))

fitftoy

'Yu sigmoid, asymptotic growth curves and a deeaye for temperature profile’

'yo: ambient temperature’

'vhm: heating potential of the mesophilic stage'

'vht: heating potential of the thermophilic stage’

'yc: cooling potential’

'tm: time when maximum mesophilic heating rate og'cu

'th: time when maximum thermophilic heating ratews'

'tc: time when maximum cooling rate occurs'

'km: maximum mesophilic microbial kinetic coeffiote

'kt: maximum thermophilic microbial kinetic coefignt’

'kc: maximum cooling coefficient'

Variable:

x=col(1) ' Time period'

y=col(2) ' Temperature at any state of time'

Initial Parameter:

y0 = 20 ' {{MinRange: 0}} {MaxRange: 30}}

yhm =10 ' {{MinRange: 0}} {{MaxRange: 40}}

km = 0.01 ' {{MinRange: 0}} {{MaxRange: 1}}

tm = 1 ' {{MinRange: 0}} {{MaxRange: 40}}

yht = 10 ' {{MinRange: 0}} {{MaxRange: 70}}

kt = 0.01 ' {{MinRange: 0}} {{MaxRange: 1}}

tt = 1 ' {{MinRange: 0}} {{MaxRange: 70}}

yc =10 ' {{MinRange: 0}} {{MaxRange: 40}}

kc = 0.05 ' {{MinRange: 0}} {{MaxRange: 1}}

tc = 30 ' {{MinRange: 0}} {{MaxRange: 40}}
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Constrains:
tm>0.0001,
te>tt; tt>tm;
y0>0.0001; y0<35.0
yhm<40; yhm>0.1
km<1.0; km>0.0001
km<1.0; yht<40

tt>0.0001; tc>0.0001

yht>1; kt<1.0
kt>0; yc>1
kc<1.0; ke>0

B SigmaPlot - [Data 134
B Fie Edt In

x Phamacology Window Help

- e

= | i

4| | 0y Function - Yu Sigmoid Temperature curve

[JECab -

] VREL-ORBIT.JNB*

il Temperatures
Data 1
&) Feix
[ Tw system
[ FAsystem
DAT system|
HV system

TW system

& [B eraph Page|=
Section 2

) section 3

) secton 4

) Section 5

) section 7

) section

) section g

(] section 10

() section 11

{ veceFo

) Temp2

) section 15

{J] Section 17

1) Model T VREL
Data 13*

. [T |
Show summary information

SEWE

Equation

|- Initial parameters

F=y0-+yhmexp(-exp(Hm 0x-tm))) +yhtexpl-e:
fitftoy

“u sigmoid, asymptotic growth curves and a dec
'yo: ambient temperature’

‘yhm: heating potential of the mesophilc stage’
“yht: heating potential of the thermaphilic stage'

eriod -
rature at any state of tme'

- Cor

V0 = 20 {fprevious: 531500~ | | [yt
= 10" {fprevious: 1483520 |1 |kt<L0
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Figure Al. A print-screen of Dynamic fit Wizard regression in Sigmaplot 10.0
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Appendix E: Results of Abattoir Waste Composting

Appendix E1: Evaluated Temperature Profile Characteization Based on

Feedstock Formulation

Factors AMYC ACC ACS
Initial Temperature °C 52.67 48.87 34.97
Peak Temperature °C 58.13 51.53 44.97
Time to reach peak d 3 4.33 13.33
Period above 55°C, tss d 4 0 0
Period above 40 °C, t4 d 30.67 24 12.67
Area above the 55°C, Ass °cd 8.73 0 0
Area above the 40°C, Ay o°c.d 214.5 141.47 12

Appendix E2: Evaluated Temperature Profile Characteization Based on

Turning Frequency

Factors 3DT 7DT 14DT
Initial Temperature °c 45.10 45.43 45,97
Peak Temperature ‘G 53.67 48.87 52.10
Time to reach peak d 8.33 2.67 9.67
Period above 55 °C, tss d 1.67 1.67 0.67
Period above 40 °C, ty, d 22.67 20.33 24.33
Area above the 55°C, Ass °C d 6.10 2.10 0.53
Area above the 40°C, A4 °C d 150.67 107.07 110.23

Appendix E3: Effect of Feedstock on Electrical Condctivity (EC, mS/cm)

Feedstock Week

0 2 4 6 8 10 12
AMYC 2.13 2.43 2.84 3.24 2.84 3.38 3.95
ACC 1.89 1.64 1.37 1.84 1.87 2.07 2.31
ACS 1.64 1.52 1.65 1.90 1.78 2.16 2.36
LSD 0.01 0.04 0.00 0.00 0.00 0.00 0.00
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

LSD for comparing means at the same level of treatr{b6% level of significance): 0.01
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Appendix E4: Effect of Turning Frequency on Electrical Conductivity (EC,

mS/cm)

Turning Week

Frequency 0 2 4 6 8 10 12
3DT 1.69 1.87 1.97 2.59 2.77 2.99 3.46
7DT 1.82 1.83 1.94 2.25 1.82 2.37 2.76
14DT 2.15 1.89 1.95 2.14 1.90 2.25 2.40
LSD 0.01 0.04 0.00 0.00 0.00 0.00 0.00
p-value <0.001 0.01 <0.001 <0.001 <0.001 <0.001 <0.001

LSD for comparing means at the same level of treatr{b% level of significance): 0.01

Appendix E5: Effect of feedstock composition on pHluring composting

Feedstock Week

0 y 4 6 8 10 12
AMYC 7.28 7.18 9.47 9.46 8.89 7.97 7.99
ACC 3D 6.99 9.25 9.16 8.64 7.64  7.69
ACS {3 23 9.16 9.50 8.86 7.96 7.95
LSD 0.02 0.01 0.02 0.12 0.01 0.04 0.03

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

LSD for comparing means at the same level of treatrfb% level of significance): 0.02

Appendix E6: Effect of turning frequency on pH during composting

Turning Week

Frequency 0 2 4 6 8 10 12
3DT 7.37 =46 9.41 9.55 8.89 7.96 7.92
7DT 7.30 7.07 9.17 9.33 8.75 7.86 7.84
14DT 7.31 7.17 9.30 9.24 8.76 7.75 7.87
LSD 0.02 0.01 0.02 0.12 0.01 0.04 0.03

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

LSD for comparing means at the same level of treatr(6% level of significance): 0.02
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Appendix E7: Effect of feedstock on moisture conte (MC, %)

Feedstock Week

0 2 4 6 8 10 12
AMYC 65.72 7144 63.89 6698 63.25 6193 57.59
ACC 76.37 7470 7429 70.66 67.59 66.67 63.59
ACS 75.81 68.03 7090 68.29 6449 6574 61.76
LSD 2.21 0.85 0.13 1.07 0.62 0.28 0.26
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

LSD for comparing means at the same level of treatr{b% level of significance): 0.05

Appendix E8: Effect of turning frequency on moisture content

Turning Week

Frequency 0 2 4 6 8 10 12
3DT 71.90 6721 66.79 64.87 60.43 60.74 54.75
7DT 7181 7167 70.14 6830 66.70 6588  62.97
14DT 7419 7529 7214 7276 6820 67.73  65.22
LSD 2% 0.85 0.13 1.07 0.62 0.28 0.26

p-value 0.061 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

LSD for comparing means at the same level of treatr{b% level of significance): 0.05

Appendix E9: Effect of feedstock composition on Tatl Nitrogen (TN,%)

Feedstock Week

0 2 4 6 8 10 12
AMYC 1.54 1.65 141 1.63 1.25 1.36 1.32
ACC 1.62 1.70 1.58 1.46 1.54 1.50 1.50
ACS 1.58 1.59 1.64 1.28 1.24 1.31 1.39
LSD 0.11 0.04 0.01 0.05 0.03 0.01 0.01
p-value 0.326 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

LSD for comparing means at the same level of treatrp<0.05):0.05
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Appendix E10: Effect of turning frequency on TN (%)

Turning Week

Frequency 0 2 4 6 8 10 12
3DT 1.58 1.60 1.50 1.49 1.32 1.44 1.45
7DT 1.60 1.57 1.60 1.42 1.40 1.39 1.42
14DT 1.57 1.76 1.53 1.46 1.32 1.33 1.34
LSD 0.11 0.04 0.01 0.05 0.03 0.01 0.01
p-value 0.821 <0.001 <0.001 0.042 <0.001 <0.001 <0.001

LSD for comparing means at the same level of treatr(b% level of significance):0.05

Appendix E11: Percentage Nitrogen Loss (ash-free bss) with Respect to

Feedstock Formulation

Treatment Week

0 2 4 6 8 10 12
AMYC 0.00 9.12 27.60 32.11 56.60 53.07 58.35
ACC 0.00 14.86 26.71 33.88 36.22 39.96 41.92
ACS 0.00 5.44 4.87 35.21 40.08 44.64 41.80

Appendix E12: Percentage Nitrogen Loss (ash-freeabis) with Respect to

Turning Frequency

Treatment Week

0 2 4 6 8 10 12
3DT 0.00 18.00 24.51 37.07 50.00 46.11 49.87
7DT 0.00 15.78 18.90 34.42 42.82 47.68 46.23
14DT 0.00 -4.53 17.72 28.58 41.17 45.02 48.04

Appendix E13: Percentage Carbon Loss (ash-free ba3iwith Respect to

Feedstock Formulation

Treatment Week

0 2 4 6 8 10 12
AMYC 0.00 21.21 29.26 50.14 65.07 65.53 68.47
ACC 0.00 27.57 36.33 38.92 48.08 51.37 52.83
ACS 0.00 9.20 12.71 30.46 35.98 50.54 50.89
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Appendix E14: Percentage Carbon Loss (ash-free biay with Respect to

Turning Frequency

Treatment Week

0 2 4 6 8 10 12
3DT 0.00 27.06 29.14 47.33 57.12 58.13 61.25
7DT 0.00 20.87 27.82 38.47 51.07 58.60 58.33
14DT 0.00 10.01 23.04 34.35 44.45 51.95 54.81

Appendix E15: Percentage OM Loss (ash-free basis)tiv Respect to Feedstock

Formulation
Treatment Week
0 2 4 6 8 10 12
AMYC 0 21.23 29.26 50.15 65.08 65.54 71.90
ACC 0 27.57 36.32 38.92 48.08 51.37 54.45
ACS 0 9.18 12.70 30.44 35.97 50.53 51.47

Appendix E16: Percentage OM Loss (ash-free basis)tw Respect to Turning

Frequency
Treatment Week
0 7 4 6 8 10 12
3DT 0.00 27.07 29.14 47.33 57.12 58.14 64.54
7DT 0.00 20.89 27.85 38.48 51.08 58.62 58.10
14DT 0.00 10.00 23.04 34.34 44.44 51.94 57.91
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Appendix E17: Percentage Nitrogen Loss (ash-free bi) with Respect to

Interaction Treatment

Treatment Week
0 2 4 6 8 10 12
AMYC-3DT 0.00 23.68 40.87 43.04 61.51 64.05 63.63
AMYC-7DT 0.00 -11.52 15.27 24.74 52.46 45.52 50.95
AMYC-14DT 0.00 12.35 23.97 26.31 54.73 48.17 59.85
ACC-3DT 0.00 17.94 26.22 30.72 39.73 38.79 44.08
ACC-7DT 0.00 29.97 36.12 45.53 40.92 47.74 44.09
ACC-14DT 0.00 -6.25 17.50 23.83 26.70 32.99 38.02
ACS-3DT 0.00 13.01 4.05 38.86 47.08 30.93 38.24
ACS-7DT 0.00 24.05 0.49 31.48 33.40 49.63 44.49
ACS-14DT 0.00 -21.93 11.38 35.93 38.89 52.79 43.42

Appendix E18: Percentage Carbon Loss (ash-free ba$iwith Respect to

Interaction Treatment

Treatment Week
0 2 4 6 8 10 12

AMYC 3DT 0.00 33.12 35.15 60.01 69.71 71.02 73.49
AMYC 7DT 0.00 17.70 27.75 46.59 66.13 66.38 66.78
AMYC 14DT 0.00 11.03 24.56 41.88 58.55 58.08 64.47
ACC3DT 0.00 27.29 32.29 41.12 50.35 50.75 54.12
ACC7DT 0.00 38.36 40.60 43.02 53.05 56.34 56.36
ACC 14DT 0.00 14.72 35.75 32.05 39.91 46.53 47.74
ACS 3DT 0.00 20.60 19.28 38.09 47.86 48.92 52.31
ACS 7DT 0.00 2.00 12.60 24.09 26.83 52.10 50.54
ACS 14DT 0.00 4.20 6.04 28.68 31.46 50.76 50.23
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Appendix E19: Percentage OM Loss (ash-free basis)tiv Respect to Interaction

Treatment
Treatment Week
0 2 4 6 8 10 12

AMYC 3DT 0.00 33.13 35.15 60.01 69.72 71.01 76.80
AMYC 7DT 0.00 17.71 27.76 46.59 66.14 66.38 67.24
AMYC 14DT 0.00 11.03 24.57 41.88 58.56 58.07 70.95
ACC 3DT 0.00 27.29 32.29 41.12 50.36 50.75 57.12
ACC7DT 0.00 38.36 40.59 43.02 53.05 56.35 56.35
ACC 14DT 0.00 14.70 35.75 32.05 39.91 46.53 49.57
ACS 3DT 0.00 20.61 19.30 38.10 47.87 48.93 55.73
ACS 7DT 0.00 1.98 12.61 24.08 26.82 52.11 49.03
ACS 14DT 0.00 4.20 6.04 28.66 31.44 50.76 49.58

Appendix E20: Kinetics of N-loss in Feedstock AMYC

NL; = NL, ., + kt (Zero Order) Values Std. Error  p-value

Regression, R 0.9262 6.9652 0.0005
Coefficient (NLnay,% 2.5541 4.7460 0.6136
Rate coefficient (k), wk 5.2133 0.6582 0.0005

Product of coefficients (AMYC) -

Appendix E21: Kinetics of N-loss in Feedstock ACC

NL; = NL,,,0,(1 — 7% Values Std. Error p-value

Regression, R 0.9976 0.8150 <0.0001
Coefficient (NLnay),% 45.1629 1.1463 <0.0001
Rate coefficient (k), wk 0.2166 0.0137 <0.0001

Product of coefficients (ACC 9.7823

Appendix E22: Kinetics of N-loss in Feedstock ACS

NL; = NL, + kt Values Std. Error p-value

Regression, R 0.8462 8.6121 0.0030
Coefficient (NLnay),% -1.0310 5.8682 0.8674
Rate coefficient (k), wk 4.2682 0.8138 0.0033

Product of coefficients (ACS) -
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Appendix E23: Fitted Zero Order Curve to the Predid Organic Matter Loss in

Treatment AMYC-7DT

100

— Predicted model
® Observed data

OM Loss (%)

0 2 4 6 8 10 12 14

Time (week)

Appendix E24: Fitted 1* Order Curve to Predict Organic Matter Loss in

Treatment AMYC-3DT

100

Predicted model
® Observed data AMYC3

Organic Matter loss (%)

0 2 4 6 8 10 12 14

Time (week)
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Appendix F: Sample Statistical Analysis (Anova)

Sample Analysis of Variance using GENSTAT statistil software

720 "General Treatnent Structure (in Random zed Bl ocks)."

721 BLOCK reps

722 TREATMENTS feed*t urni ng

723 COVARI ATE "No Covari ate"

724 ANOVA [ PRI NT=aovt abl e, i nf or mati on, neans, %v;

FPROB=yes; PSE=diff, | sd, neans;\

725  LSDLEVEL=5] N_wk12

***** Anal ysis of variance *****

Variate: N wk1l2
Source of variation d. fi
reps stratum 2

reps. *Units* stratum

feed

turni ng

feed.turning

Resi dual 16
Tot al 26

* MESSAGE: the followi ng units

reps 1 *units* 4
reps 2 *units* 4
reps 3 *units* 7

****x*x Tabl es of neans ****x*
Variate: N wkl2

Grand nean: 1.4015
f eed 1 2
1. 3155 1. 4996

t ur ni ng 1 2
1.4515 1.4154

S.S.
0. 00041321

. 15455955
. 06118793
. 03742791
. 00129538

o O O O

0. 25488399

0. 0158
-0.0193
0.0161

1.3893

1.3374
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o O O O

have | arge

S.

S.

Se

ms.

. 00020661

. 07727978
. 03059396
. 00935698
. 00008096

e.
e.

e

resi dual s.

0. 0069
0. 0069
0. 0069

V. r.
2.55

954. 53
377. 88
115. 57

FACT=32;

<. 001
. 001
<. 001

N



feed turning 1 2 3
1 1.3344 1.3331 1.2790
2 1. 5079 1.5386 1.4523
3 1.5122 1.3747 1.2810
*** Standard errors of means ***
Tabl e feed turning feed
t ur ni ng
rep. 9 9 3
d.f. 16 16 16
e.s.e. 0. 00300 0. 00300 0. 00519
*** Standard errors of differences of nmeans ***
Tabl e feed turni ng feed
t ur ni ng
rep. 9 9 3
d.f. 16 16 16
s.e.d. 0. 00424 0. 00424 0. 00735

* % %

*** |east significant differences of neans (5% evel)

Tabl e f eed t urni ng feed

t ur ni ng
rep. 9 9 3
d.f. 16 16 16
l.s.d. 0. 00899 0. 00899 0. 01557

**xx% Stratum standard errors and coefficients of variation ***x**

Variate: N wkl2

Stratum d.f. S.e. cv%
reps 2 0. 00479

reps. *Uni t s* 16 0. 00900
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726 "General Treatnent Structure (in Randomi zed Bl ocks)."

727 BLOCK reps

728 TREATMENTS feed*t urni ng

729 COVARI ATE "No Covari ate"

730 ANOVA [ PRI NT=aovt abl e, i nf or mati on, neans, %v;
FPROB=yes; PSE=diff, | sd, means;\

731  LSDLEVEL=5] OM_

wk0

***x%* Anal ysis of variance *****

Variate: OM wkO
Source of variation
reps stratum

reps. *Uni ts* stratum
feed

t urni ng

feed. turning

Resi dua

Tot al

* MESSAGE: the follow

reps 1 *units* 8

***x*%* Tabl es of neans

Variate: OM wkO
Grand nean 68.57

f eed 1
71.50
turni ng 1
70. 30
feed turning

1

2

3

d.f.
2

16

26

ng units have | arge residuals.

* %k % k%

68. 44

67.85

72.89

69. 39
68. 62

S.
22.

148.
40.
10.

184.

406.

5.25

65.76

67. 56

71. 39

67. 86
64. 28
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S.
74

12
88
75
18

67

s.e. 2

70. 20
68. 07
64. 39

ms.
11.37

74. 06
20. 44
2. 69
11551

.61

FACT=32,;

v.r.
0.99

6. 43
1.78
0.23

F pr.

0. 009
0.201
0.915



*** Standard errors of neans ***

Tabl e

rep.
d.f.

e.s.e.

f eed turni ng feed
t ur ni ng

9 9 3

16 16 16
1.131 1.131 1. 959

*** Standard errors of differences of nmeans ***

Tabl e

rep.
d.f.

s.e.d.

feed turning feed
turni ng

9 9 3

16 16 16
1.599 1.599 2.770

*** |east significant differences of nmeans (5% evel) ***

Tabl e

rep.
d.f.
|.s.d.

feed turni ng feed
t ur ni ng

9 9 3

16 16 16
3.391 3.391 5.873

**xx% Stratum standard errors and coefficients of variation ***x**

Vari at e:
Stratum

reps

OM wkO

reps. *Unit s*

165

166

167

168

169

ANOVA

FPROB=yes;

170 neans;

d.f. S. e.
2 1.124
16 3.393
" One- way ANOVA (no
BLOCK " No
TREATMENTS
COVARI ATE " No

[ PRI NT=aovt abl e, i nf or mati on, means, %v;

LSDLEVEL=5] T_14
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cv%
1.6
4.9

Bl ocki ng) . "
Bl ocki ng"
TRTS
Covari at e"

CONTRASTS=7,

PSE=di f f, | sd, \



Analysis of variance

Variate: T_14
Source of variation d.f. S.S. m.s.
TRTS 3 689.667 229.889
Residual 8 10.444 1.306
Total 11 700.111
Tables of means
Variate: T_14
Grand mean: 39.17

TRTS DAT FA T W

49.11 28.78 42.78 36.00

Standard errors of means

Table TRTS

rep. 3

d.f. 8

e.s.e. 0.660
Standard errors of differences of means
Table TRTS

rep. 3

d.f. 8

s.e.d. 0.933

Least significant differences of means (5% level)
Table TRTS

rep. 3

d.f. 8

l.s.d. 2.151

Stratum standard errors and coefficients of vanmti
Variate: T_14

d.f. s.e. cv%

8 1.143 2.9
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v.r.  Fopr.
176.09 <.001



Appendix G: Sample Regression Analysis
Appendix G1: Nonlinear Regression Analysis of Abatir Waste Composting

Feedstock AMYC Determining the Organic Matter Kinetics

Data Source: Data 1 in Notebook1
Equation: Exponential Rise to Maximum, Single, 2 Pameter
f=a*(1-exp(-b*x))

R Rsgr Adj Rsgr Standard Error of Estimate

0.9870 0.9743 0.9691 4.6536

Coefficient Std. Error  t P

VIF
a 92.4325 16.0525 5.7581 0.0022 23.5772<
b 0.1243 0.0383 3.2488 0.0227 23.5772<

Analysis of Variance:

Uncorrected for the mean of the observations:

DF SS MS
Regression2  16929.1640 8464.5820
Residual 5 108.2801 21.6560

Total 7 17037.4442  2433.9206

Corrected for the mean of the observations:

DF 53 MS F P
Regressionl 4098.5930  4098.5930 189.2588 <0.0001
Residual 5 108.2801 21.6560

Total 6 4206.8731 701.1455

Statistical Tests:

PRESS 267.2230
Durbin-Watson Statistic 2.0381 Passed
Normality Test Passed (P =0.8640)

K-S Statistic = 0.2138 Significance Level = 0.8640

Constant Variance Test Passed (P =0.4383)
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Power of performed test with alpha = 0.0500: 0.9989
APPENDIX G2: Sample Multi Linear Regression to Predct Nutrient

Parameters during Composting (Abattoir Waste Composng Turning

Frequency - 14DT)

Response variate: N

Fitted terms: Constant, pH, OM, T, % T T, MC

Summary of analysis

Source d.f. S.S. m.s. V.I. F pr.
Regression 5 0.15669956 0.03133991 723.77 80.02
Residual 1 0.00004330 0.00004330

Total 6 0.15674286 0.02612381

Percentage variance accounted for 99.8

Standard error of observations is estimated to.®@6%8.

Estimates of parameters

Parameter estimate S.e. t(1) tpr.
Constant -0.707 0.141 -5.02 0.125
pH -0.06138 0.00337 -18.20 0.035
OM -0.05563 0.00317 -17.52 0.036
T 0.00641 0.00191 336 0.184
% T T 1.2820 0.0643 19.95 0.032
MC 0.07630 0.00336 22.72 0.028

261



Appendix H: Results of River Reed Composting

Appendix H1: The Effect of Aeration System on Tempetures Measured during Composting

Treatment Temperature (°C)
Sampling weeks 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
DAT 56.3 63.9 68.8 59.9 61.2 59.8 58.9 56.7 55.8 56.7 53.4 50.8 50.0 47.9 49.1
HV 52.2 64.1 66.6 61.7 60.3 59.3 58.8 55.8 54.0 451.49.1 47.6 45.3 43.9 42.8
WT 65.7 66.0 59.7 54.7 50.7 45.7 46.3 44.3 41.3 39.7 40.0 35.3 38.3 36.7 36.0
FA 52.1 48.6 42.2 32.3 52.9 49.7 35.9 36.7 34.2 032.30.7 28.9 28.8 28.8 28.8
LSD 21.8 19.5 13.8 9.4 9.9 12.6 8.3 6.6 6.0 3.9 3251 2.5 1.9 2.2
F-test 0.478 0.217 0.008 <.001 0.092 0.076 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001

LSD for comparing means at the same level of treatemt ( 5% level of significance)8.24

Appendix H2: The Effect of Aeration System on Elegetcal Conductivity, EC (dS/m) during composting

Treatment Electrical Conductivity, EC (dS/m)
Sampling weeks 0 1 2 3 4 5 6 7 8 9 10 11 12 14

DAT 1.05 1.60 1.99 2.53 2.55 2.85 2.22 1.95 2.50 258.692 249 2.73 2.37
HV 108 180 203 216 232 208 220 269 245 236 243 263 265 263
WT 1.42 1.80 2.04 2.30 1.77 1.83 2.50 2.96 2.98 3.02.26 2 2.89 3.04 2.96
FA 1.42 1.88 2.31 2.47 2.02 2.63 2.20 2575 2.84 295.702 257 2.66 2.29
LSD 051 031 069 036 08 056 068 048 043 057 065 040 047 038

F-test 0.231 0.252 0.670 0.143 0.195 0.014 0.449 0.010 640.00.085 0.369 0.187 0.232 0.019

LSD for comparing means at the same level of treatemt ( 5% level of significance): 0.48
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Appendix H3: The Effect of Aeration System on Acidy or Alkalinity Measured as pH during Composting

Treatment pH units

Sampling weeks 0 1 2 3 4 5 6 7 8 9 10 11 12 14
DAT 7.69 7.93 8.18 8.10 7.79 7.82 7.90 8.13 8.17 7.80 7.67 7.70 7.60 7.53
HV 7.69 7.80 8.20 8.05 8.17 7.87 7.93 7.67 770 77.77.73 7.20 7.37 7.60
WT 7.79 7.99 8.04 8.16 7.85 7.75 7.93 7.93 7.67 07.67.63 7.47 7.33 7.60
FA 7.79 8.05 7.71 8.87 7.73 7.53 7.83 7.67 7.50 7.30 7.43 7.40 7.27 7.60
LSD 0.24 0.42 0.30 0.17 0.32 026 024 021 0.43 350. 0.29 048 024 021
T-test 0.612 0.562 0.024 0.029 0.052 0.065 0.714 0.004 0.038 0.044 0.166 0.187 0.062 0.819

LSD for comparing means at the same levetedtment ( 5% level of significance): 0.29

Appendix H4: The Effect of Aeration System on Moigire Content Evolution during Composting

Treatment Percentage Moisture Content, MC (%)

Sampling weeks 0 1 2 3 4 5 6 7 8 9 10 11 12 14
DAT 60.33 65.00 65.67 68.00 62.67 65.33 59.00 53.67 57.67 55.67 55.33 60.33 51.00 51.33
HV 61.33 69.67 61.00 61.67 57.33 60.33 62.33 59.33 56.00 50.33 51.00 52.00 49.33 46.00
WT 62.33 71.00 65.33 62.67 59.33 55.33 55.67 51.00 51.00 45.67 53.00 54.33 53.33 53.67
FA 62.33 67.67 62.00 65.00 56.33 58.00 55.67 59.67 53.67 55.67 54.33 57.33 58.00 55.77
LSD 9.58 5.92 8.76 9.66 5.00 8.92 5.37 6.89 4.25 10.40 6.06 13.83 8.34 6.89
F-test 0.945 0.174 0.510 0.448 0.079 0.138 0.0630530. 0.036 0.150 0.404 0.528 0.163 0.057

LSD for comparing means at the same level of treatr(6% level of significance): 7.05
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Appendix H5: The Effect of Aeration System on TotalCarbon Evolution during Composting

Treatment Percentage of Total Carbon, TC (%)

Sampling weeks 0 1 2 3 4 5 6 7 8 9 10 11 12 14
DAT 26.32 24.45 2286 16.19 20.59 18.38 2359 1595 17.11 16.30 19.00 16.69 13.36 15.16
HV 25,57 29.84 2494 2242 19.61 16.67 17.46 18.36 19.87 1583 16.11 13.33 18.96 14.03
WT 2230 2058 2214 1849 17.01 2235 17.41 19.26.08 18.78 21.76 19.79 16.73 14.46
FA 2256 2239 17.69 2272 2593 19.48 19.62 2410 22.13 20.17 2287 21.72 20.45 16.72
LSD 18.27 9.15 819 443 776 644 528 523 766 674 522 595 886 7.37
F-test 0.925 0.056 0.272 0.030 0.134 0.277 0.0840420. 0.507 0.414 0.069 0.054 0.319 0.820

LSD for comparing means at the same level of treatr(6% level of significance): 7.53

Appendix H6: The Effect of Aeration System on Orgait Matter Evolution during Composting

Treatment Percentage Organic Matter, OM (%)

Sampling weeks 0 1 2 3 4 5 6 7 8 9 10 11 12 14
DAT 54.41 45.48 40.88 43.97 38.33 40.07 379 3443 3410 3320 35.19 3524 29.75 33.79
HV 5441 47.09 4458 43.36 39.02 36.65 32.8 35.244.38 32.07 3091 31.48 31.02 28.68
WT 5452 50.96 44.22 44.66 4219 4085 41.2 36.67 37.85 36.64 3554 3550 3520 34.26
FA 5452 49.61 47.32 46.73 44.18 44.08 42.0 4223 4141 40.37 39.60 39.04 38.97 39.10
LSD 1.07 6.71 10.33 5.28 4.16 7.30 13.06 5.45 4.83..61 7.61 4.15 497 477
F-test 0.989 0.282 0.546 0.483 0.042 0.203 0.382 0.046 0.030 <0.001 0.147 0.025 0.014 0.011

LSD for comparing means at the same level of treatri5% level okignificance): 5.88

264



Appendix H7: The Effect of Aeration System on Carba-Nitrogen during Composting

Treatment Carbon-Nitrogen (C/N) ratio

Sampling weeks 0 1 2 3 4 5 6 7 8 9 10 11 12 14
DAT 2753 41.73 13.60 1255 1223 14.36 18.27 1422 109 891 1054 9.34 1260 11.43
HV 2753 27.11 1358 16.18 11.14 12.00 12.84 13.343.2 8.43 8.62 7.69 18.96 10.38
WT 2753 23.48 1354 1542 10.26 18.25 1295 13.9I3.4 9.56 11.61 1197 11.97 10.58
FA 2471 21.43 10.56 16.94 1551 14.71 15.04 1795 147 10.22 11.38 11.36 17.29 11.78
LSD 099 20.28 5.77 6.00 5.99 505 521 3.69 7.26 . 223 274 491 7.79 4.01
F-pr. <0.001 0.162 0.522 0.380 0.255 0.109 0.127 0.076 0.656 0.583 0.121 0.231 0.172 0.80

LSD for comparing means at the same level of treatment ( 5% level of significance): 6.54

Appendix H8: The Effect of Aeration System on TotaNitrogen Evolution during Composting

Treatment Percentage Total Kjeldahl Nitrogen, TNK (%)
Samplingweeks 0 1 2 3 4 5 6 7 8 9 10 11 12 14

DAT 0.97 0.85 1.68 1.29 1.69 1.29 1.30 1.141.60 1.85 1.80 1.79 1.06 1.32
HV 0.94 131 1.82 1.41 1.82 1.41 1.36 1.38 158 918 1.87 1.77 1.00 1.34
WT 092 088 168 123 168 123 135 136 153 197 188 167 139 1.38
FA 0.93 1.06 1.72 1.34 1.72 1.34 1.31 1.34 154 199 2.04 2.02 1.20 1.46
LSD 076 070 043 040 043 040 013 024 041 051 042 056 031 024

F-Test 0.999 0.420 0.851 0.743 0.851 0.743 0.559 0.139 0.975 0.890 0.572 0.530 0.075 0.564

LSD for comparing means at the same level of treatr(6% level of significance): 0.39
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Appendix H9: Percentage Nitrogen Loss (ash-free b3 on Aeration System

Treatment
Week DAT HV T™W FA
0 0.00 0.00 0.00 0.00
1 26.80 -19.90 11.93 0.29
2 -34.25 -59.44 -48.26 -47.85
3 -8.00 -20.81 -9.57 -16.48
4 -28.71 -44.90 -43.04 -39.54
5 -0.97 -8.02 -2.52 -7.28
6 1.90 1.52 -13.28 -1.85
7 18.41 -3.56 -5.91 -1.76
8 -13.78 -16.73 -21.23 -16.61
9 -29.98 -34.75 -52.99 -47.16
10 -30.59 -31.17 -43.26 -51.10
11 -30.01 -25.66 -27.50 -49.47
12 29.46 29.71 -5.64 14.14
14 6.62 8.51 -3.43 -5.03

Appendix H10: Percentage Carbon Loss (ash-free bajion Aeration System

Treatments
Week DAT HV TW FA
0 0.00 0.00 0.00 0.00
1 -12.14 -0.56 14.41 13.31
2 33.03 19.75 19.07 37.08
3 49.94 29.41 31.87 18.07
4 42.18 42.68 39.99 12.96
5 46.88 53.09 22.96 35.30
6 34.24 53.66 39.61 36.80
7 57.87 49.43 38.62 24.62
8 55.03 46.00 34.11 30.76
9 57.74 58.44 39.57 38.31
10 49.23 58.43 31.16 30.14
11 55.37 65.31 37.44 33.45
12 67.07 50.99 47.35 39.27
14 60.35 64.91 55.15 50.17
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Appendix H11: Percentage OM Loss (ash-free basish@deration System

Treatment
Week DAT HV T™W FA
0 0.00 0.00 0.00 0.00
1 30.09 25.44 13.29 23.25
2 42.06 32.60 33.85 36.29
3 34.25 35.86 32.69 34.28
4 47.92 46.39 39.12 44.58
5 43.99 51.52 42.39 46.08
6 48.93 59.07 41.56 50.24
7 56.01 54.40 51.69 54.06
8 56.65 56.08 49.19 54.05
9 58.35 60.44 51.76 56.95
10 54.50 62.51 54.00 57.13
11 54.40 61.50 54.08 56.75
12 64.52 62.32 54.68 60.64
14 57.25 66.31 56.52 60.19
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Appendix H12: Evolution of Nitrate during Composting Process
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Appendix H13: Evolution of Available Phosphorous duing Composting

8
. DAT
—— HV
—o— WT
6 —o— FA
S
o
o 57
=
g
2
s 47
(%]
o
=
o 34
2_
l T T T T T T T T
0 2 4 6 8 10 12 14 16

Time (weeks)

268



Appendix I: Publications Related To Research

Appendix I1: List of Publications

Candidate’s contributions to the publications: Tamdidate collected and analysed
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