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Abstract

This study aims to establish the contribution of the water soluble and water insoluble organic fractions to
total oxygen uptake rate during high rate composting process of a mixture of organic fraction of municipal
solid waste and lignocellulosic material. This mixture was composted using a 20 l self-heating pilot scale
composter for 250 h. The composter was fully equipped to record both the biomass-temperature and
oxygen uptake rate. Representative compost samples were taken at 0, 70, 100, 110, 160, and 250 h from
starting time. Compost samples were fractionated in water soluble and water insoluble fractions. The water
soluble fraction was then fractionated in hydrophilic, hydrophobic, and neutral hydrophobic fractions.
Each fraction was then studied using quantitative (total organic carbon) and qualitative analysis (diffuse
reflectance infrared spectroscopy and biodegradability test). Oxygen uptake rates were high during the
initial stages of the process due to rapid degradation of the soluble degradable organic fraction (hydrophilic
plus hydrophobic fractions). Once this fraction was depleted, polymer hydrolysis accounted for most of the
oxygen uptake rate. Finally, oxygen uptake rate could be modeled using a two term kinetic. The first term
provides the oxygen uptake rate resulting from the microbial growth kinetic type on easily available, no-
limiting substrate (soluble fraction), while the second term considers the oxygen uptake rate caused by the
degradation of substrate produced by polymer hydrolysis.

Introduction

Composting is used in waste management to
convert organic waste into agriculturally useful
products (Chen& Inbar 1993). Composting organic
fractions ofmunicipal solid waste (MSW) combines
low cost and environmentally safe waste discharge
combined with the restoration of an adequate
organic level in agricultural fields. This is particu-
larly remarkable since industrialized agricultural
systems do not input organic matter. Composting
process is an aerobic solid state biological process
typically divided into two phases: high rate and
curing. The first phase is characterized by intense
microbial activity decomposing most of the biode-

gradable material and leading to biological stabil-
ity. The second phase is characterized by slow
degradation processes and by part of the remaining
organic matter being converted into humic sub-
stances (Adani et al. 1997).

Intense microbial activity occurs in the high rate
phase. Therefore, control of this phase during the
composting process is more important than during
the low rate phase. This requires more accurate
plant design in order for air (O2 supplier), which is
a fundamental factor in the rapid degradation of
the more easily degradable organic matter, to be
managed correctly so that biological stability is
obtained and undesirable environmental impacts
are prevented (e.g. odors, anaerobic condition, etc.).
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Composting is a complex process involving
many coupled physical–biological mechanisms
(Bizukojc et al. 2002; Chad and Walker 2001;
Hamoda et al. 1998; Kaiser 1996; Keener et al.
1993). Hamelers (2001 and 2002) recently proposed
an interpretation of the composting process
stressing the importance of the oxygen uptake rate
(OUR) as a descriptor of the whole process. He
found a relationship between OUR and the deg-
radation of the soluble and insoluble fractions of
organic matter in water, suggesting that the soluble
fraction is responsible for high OUR during high
rate composting as a result of it being rapidly
degraded by a microbial growth kinetic type reac-
tion. On the other hand, water insoluble fraction is
responsible for low OUR as a result of substrate
degradation produced by polymer hydrolysis. As
hydrolysis kinetic is much slower than bio-oxida-
tion kinetic, OUR in the degraded insoluble frac-
tion is lower than that measured in the degradation
of the readily soluble organic molecules.

The sum of the two terms represents the total
OUR.

The purpose of this study is to increase
knowledge of composting science by studying the
contribution of water soluble and water insoluble
fractions to the total OUR during high rate phase
composting. Consequently, research was orga-
nized to provide experimental evidence and
support the more complex research carried out by
Hamelers (2001 and 2002), who uses a deductive
mathematical model to describe the composting
process. This model contains the basic parameters
representing the theoretical basis of the compo-
sting process.

Materials and methods

Composting process

Thirty kilograms of amixture of separated collected
organic fraction of MSW and lignocellulosic
waste were collected from a full scale composting
plant in northern Italy (1:1 ratio v/v) (moisture
content of 710 g kg)1 wet weight, volatile solids
(VS) of 669 g kg)1 total solids (TS), pH 6.3, total
organic carbon (TOC) 367 g kg)1 TS, nitrogen (N)
14.1 g kg)1 TS, C/N ratio of 26, bulk density
(0.55 Mg m)3)). The U.S. Composting Council
guidelines for compost sampling were used to

obtain the samples (The U.S. Composting Council,
1997). Sample obtained was immediately trans-
ported to the DiProVe (Dipartimento Produzione
Vegetale) – Università degli Studi di Milano (Italy),
for successive preparation, chemical characteriza-
tion, and laboratory scale experiment. Approxi-
mately 4 kg of the sample was dried at 105 �C so
that moisture content could be determined and then
reduced in size to 0.5 mm and stored for successive
analyses. Following this, volatile solids, ash, TOC,
N, and pH tests were performed on a dried sample
using normal analytical procedures (The U.S.
Composting Council, 1997). The remaining sample
was stored untransformed at 4 �C and then used
for biostabilization experiment within 2 days of
sampling.

Composting experiment was performed on
10 kg of sample using laboratory scale composter
apparatus (Costech, Cernusco S.N., Milano, Italy)
(Adani et al. 2001).

The composter was composed of a 20 l insu-
lated container (reactor), a control cabinet, an air
supply system, a PC unit, and a biofilter. The
apparatus was set up so that it worked under
adiabatic conditions (self-heating). Process
parameters, such as biomass temperature (T) (�C),
oxygen concentration in the inlet and outlet air-
flows (ml l)1), airflow rate (Q) (l min)1), and the
Oxygen Uptake Rate (OUR) (mg O2 kg C)1 h)1)
were measured and recorded hourly (Adani et al.
2004).

Since the aim of this paper was to study the
high rate phase (biostabilization phase) of a com-
posting process, the experiment lasted until bio-
logical stability was reached. The latter was
ascertained by measuring the OUR. OUR indi-
cates biological stability when it is below 1000 mg
O2 kg VS)1 h)1 (Adani et al. 2004), which was
obtained after 250 h.

Organic matter fractionation

Six representative samples of 300 g each were
collected from biomass during high rate compo-
sting (The U.S. Composting Council 1997) at 0,
70, 100, 110, 160, and 250 h from starting time.
Each sample was dried at 60 �C under vacuum,
ground to 0.5 mm by using a blade-mill, and
stored for subsequent analysis. Each sample was
characterized for pH, VS, and TOC content (The
U.S. Composting Council 1997). Following this,
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dissolved organic matter (DOM) was determined
using the method reported by Adani et al. (2003)
but with substantial modifications. In particular,
5 g of dried material was extracted by water (1:20
solid:liquid ratio, w/w) using a Dubnoff bath at
60 rpm for 30 minutes at 40 �C. To obtain highest
DOM yield and to avoid hydrolysis, extraction
parameters were those used in a previous set up
(D’Imporzano, 2003, data not published). Fol-
lowing this, the suspension obtained was centri-
fuged for 15 minutes at 6500 rpm and then filtered
twice: firstly, by using fast cellulose filter (What-
man paper filter N.4), and then 0.45 lm millipore
membrane (Advantec MFS, Pleasanton, CA).
Solution obtained represented the dissolved
organic matter (DOM). DOM was then separated
into hydrophilic (Hi), hydrophobic (Ho), and
neutral hydrophobic (NHo) fractions according to
the procedure proposed by Leenheer (1981), which
was partially modified by the authors. In particu-
lar, Amberlite XAD-7 (Sigma-Aldrich Steinheim,
Germany) was prepared in 40 cm high glass
column, 2.5 cm in diameter, activated with
0.5 mol l)1 of H2SO4 and then washed until pH
neutral. Two hundred ml of DOM previously
acidified (pH<2) with 0.5 mol l)1 of H2SO4 was
loaded onto the column and eluted at the velocity
of 2 ml min)1. After this, column was washed with
distilled water (2 bed volume). Fraction eluted
represented the Hi fraction. Then, Ho fraction was
eluted by using 0.05 mol l)1 of NaOH (1.25 bed
volume) and distilled water (2 bed volume). Fol-
lowing this, XAD-7 resin was dried at 40 �C for
15 h, and then extracted using Shoxlet apparatus
and anhydrous MeOH to obtain NHo fraction.
Meanwhile, Ho fraction was loaded onto a column
filled with a cation exchange resin (Amberlite IR
120, Merck, Darmstad, Germany) to eliminate Na.
DOM fractionation was repeated three times.

The insoluble fraction (water insoluble fraction
plus particulates recovered from filtration of the
soluble fraction) (IF) resulting from DOM extrac-
tion was dried at 60 �C under vacuum and stored.
Part of the fractions obtained was immediately
used for biodegradability test (see later) and part
dried at 60 �C under vacuum for successive anal-
ysis. All fractions, i.e., compost, IF, DOM, Hi,
Ho, and NHo were quantified using total organic
carbon determination, from which compost-C,
IF–C, DOM–C, Hi–C, Ho–C, and NHo–C were
obtained.

Degradability tests

Composts and DOM, IF, Hi, Ho, and NHo frac-
tions obtained at different composting times
underwent biodegradability test, which measured
the oxygen uptake rate under liquid condition
(OURL) for organic carbon degradation. Test was
performed using the method reported by Lasaridi
& Stentiford (1998). In brief, oxygen uptake rate
was measured for 20 h under liquid condition
using a solid:liquid ratio of 1:100 (w/w). During
the test, standard conditions were maintained so
that optimal microbial activity and reaction rates
were obtained. In particular, so as to avoid any pH
and element nutrition limiting growing condition
occurring (Lasaridi & Stentiford 1998), 5 g of dry
matter (or aqueous extracts obtained from 5 g of
compost dry matter) were set in a flask and the
following were added: 500 ml of deionized water,
12 ml of phosphate buffer solution (KH2PO4

0.062 mol l)1, K2HPO4 0.125 mol l)1, Na2H-
PO4Æ7H2O 0.125 mol l)1; pH 7.2), and 5 ml of
nutritive solution (CaCl2 0.25 mol l)1, FeCl3 0.
9 mmol l)1 and MgSO4 0.09 mol l)1) made up
according to the standard BOD test method
procedures (APHA 1992). No nitrogen was added
to the solution, except for Ho and NHo fractions
as previous tests revealed that N limits microbial
activity in these two fractions. Nitrogen was sup-
plied in the form of (NH4)2NO3 until a C/N ratio
of 20 was reached. In order for oxygen diffusion
to occur, the slurry was agitated every 15 min
using a magnetic stirrer, causing intermittent
aeration. OURL was detected by measuring the
slope of the decrease of the oxygen concentration
in the slurry during the absence of aeration
(Lasaridi & Stentiford 1998). The cumulative
oxygen consumption during the 20 h test-length
(mg O2 g

)1 C 20 h)1) represented the degree of
biodegradability reported. The OURL values refer
to both the total Compost-C and to the contents of
each carbon-fraction.

Spectroscopic analysis

Compost fractions were analyzed by Diffuse
Reflactance Infrared Fourier Transformed
(DRIFT) spectroscopy using an Avatar 370 FT-IR
from ThermoNicolet Instruments (Madison, WI,
USA). Samples (7 mg), previously dried at 65 �C
for 48 h, and KBr (700 mg; FT grade, Aldrich

105



Chemical Co, ST Louis, Missouri) were finely
ground for 10 minutes using an agate ball mill
(Specamill-Greseby-Specac, Kent, UK). Instru-
ment parameters used were: scanning 128, resolu-
tion 4 cm)1, and frequency 400–4000 cm)1 gain
16.

Composting kinetic model

The deductive model for composting process pro-
posed by Hamelers (2001) was used to describe
composting process. The model stresses the value
of oxygen uptake as a result of the whole biolog-
ical process, and described the OUR parameter by
examining base principles of multi-particle system.
Model as indicated by Hamelers (2001) was
modified and simplified by Adani et al. (2004). In
particular, OUR behavior was determined by:

OURðtÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

beff

beff þ e�lt

s

OURimaxe
�fðtÞ þ Ah

In which beff is the effective dimensionless biomass
concentration, l is the effective growth rate con-
stant (h)1), f is the scaled particle size (dimen-
sionless), t is the composting time (h), OURimax is
the maximum OUR measured during the process
(mg O2 kg C)1 h)1), and Ah is the OUR caused by
the degradation of hydrolyzed biomass
(mg O2 kg C)1 h)1).

Model assumed that hydrolysis proceeded as a
zero order kinetics (Ah=)k) for a limited time
instead of proceeding as first order kinetics
(Hamelers 2002). Parameters in the above reported
equation were determined using the method pre-
viously reported by Adani et al. (2004).

Statistical analysis

Results were analyzed using ANOVA, and statis-
tical difference between means was assessed using
Tukey’s test. Chemical analyses were performed
on three analytical samples taken from the 300 g
composite bulk sample, and since standard devia-
tion values were calculated using the data obtained
from these three replicates, they represent esti-
mates of the variability caused by both the waste
bed homogeneity and the analytical method.

Fitting indices were used to compare the sim-
ulated OUR data obtained by mathematical model
and the experimental data (Greenwood et al. 1985;

Loague & Green 1991). The fitting indices used
were: (i) the Relative Root Mean Square Error
(RRMSE: range 0 ‚+¥, optimum=0%), which
describes the differences between the measured and
the simulated values. (ii) the Modelling Efficiency
(EF: range )¥ ‚+1, optimum=1), which, if po-
sitive, indicates that the model is a better predictor
than the average of the measured values, and
lastly, (iii) the Coefficient of Residual Mass (CRM,
)¥ ‚ +¥, optimum=0) which assumes a positive
sign in cases of model underestimation. Moreover,
observed and predicted values were used to cal-
culate the parameters of the regression equation
(slope and intercept).

Results

Composting process

The usual high rate composting resulted from the
composting processes (Adani et al. 1997) (Fig-
ure 1). In particular, after a lag-phase of 62 h,
OUR increased exponentially due to microbial
growth (phase A), subsequently becoming stable
for a short period (phase B). Then OUR decreased
rapidly (phase C) until entering a stable phase
(phase D) (Figure 1). Temperature trend was
similar, correlating well with OUR trend (r=0.96;
P<0.01).

During the process, the chemical parameters
changed in response to the biological activity
(Table 1). Compost-C decreased from 367 g
kg)1d.m. to 346 g kg)1d.m. Relative nitrogen
content remained constant and so C/N ratio
dropped from 26.2 at the beginning of the process
to a final value of 22. Total carbon fractions also
changed. The relative contents of DOM–C, Hi–C,
and Ho–C decreased by 470, 800, and 710 g kg)1

compared to their respective initial contents. In
contrast, NHo-C content increased by 3,700 g
kg)1 compared to its initial content.

During the course of the process a change
occurred in the contribution each soluble fraction
made to the total dissolved organic carbon. At the
beginning (sample 0 h) Hi–C, Ho–C, and NHo–C
contents represented 620, 300, and 70 g kg)1 of the
DOM–C respectively. In contrast, at the end of the
process (sample 250 h) the same fractions respec-
tively contributed 230, 160, and 590 g kg)1 to
DOM–C. Trends in absolute carbon content (g) in
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each C fraction proved to be more interesting
(Figure 1). The content of compost-C did not
change significantly during the first two phases of
composting (phases A and B), but decreased by
350 g during phase C, and then remained constant
during phase D. So degradation of compost-C
does not follow the OUR trend, i.e. compost-C
started to be degraded after maximum oxygen
uptake was detected. Insoluble carbon (IF–C)
initially increased by 22.4 g (phases B and C) but
then decreased by 272 g (phase C). On the other
hand, through the whole duration of the process,
soluble carbon (DOM–C) decreased by 79 g.

The fact that during phase A IF–C increased
and compost-C was not degraded suggests insol-

ubilization of part of the DOM–C as microbial
body (Hamelers 2001).

The decrease of DOM–C during the process
was due to degradation of both Hi–C and Ho–C
(Figure 1) (Chefetz et al. 1998). Hi–C content was
93 g at the beginning of the process, and fell to
16 g by the end. Ho–C losses where 34 g,
decreasing from 45 to 12 g. On the other hand,
NHo–C increased during composting by approxi-
mately 20 g, increasing from 6 to 26 g (not shown
in Figure 1) (Chefetz et al. 1998). HiC degradation
precedes HoC degradation although Ho degrada-
bility is higher than that of HiC. This fact was also
observed during SOUR test (see biodegradability
section), where maximum oxygen uptake in HiC

Table 1. Total carbon, total nitrogen and volatile solids content on compost, organic carbon value in DOM, Hi and Ho fractions

Sample (h) Compost-C N IF–C DOM–C (g kg dm)1) Hi–C Ho–C NHo–C

0 367±7ba 14.1±0.7a 341±1b 25.5±0.4d 15.9±0.4d 7.7±0.4c 1.7±0.2a

70 365±2b 15.1±0.4a n.d. n.d. n.d. n.d. n.d.

100 369±5b 14.7±0.6a 345±0c 22.7±0.4c 7.4±0.3c 4.9±0.2b n.d.

110 372±7b 15.4±0.9a 364±0d 19.2±0.7b 6.9±0.2b 2.3±0.5a n.d.

160 348±3a 14.9±0.8a n.d. n.d. n.d. n.d. n.d.

250 346±4a 15.6±0.5a 333±1a 13.5±0.3a 3.1±0.1a 2.2±0.4a 8.0±0.5a

ameans in the same column followed by different letter are statistically different for P<0.05.
n.d.: not determined.
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Figure 1. OUR and compost carbons fraction trend, during composting experiment.
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fractions occurred within 6–8 h from the test
beginning, in contrast to HoC fractions, which
took 14–18 h. This is probably due to the different
chemical structures of these fractions (see DRIFT
section) influencing microbial population and/or
molecule solubility and therefore their degrada-
bility.

Biodegradability test

Biodegradability test performed on both compost
samples and its fractions provided both informa-
tion concerning their degradability over time
(Table 2), and information concerning the contri-
bution of each fraction to total compost degra-
dability (Table 3). Compost showed a higher
degradability coefficient (higher OURL) at the
beginning of the process (sample 0 h) (Table 2)
than at the end. Insoluble fraction (IF) changed in
degradability during the process, increasing in the
final sample. This could be caused by the greater
presence of polymer-hydrolyzing microorganisms
(e.g. actinomyces) after the thermophilic phase of
composting (Klamer and Bååth 1998).

Biodegradation of water soluble fractions, i.e.
Hi, Ho, and NHo, differed. Hi and Ho fractions
were biodegradable throughout the whole experi-
ment. In particular, Hi showed similar OURL for
both starting (sample 0 h) and end samples (sam-
ple 250 h). In contrast, OURL final sample Ho
increased by approximately 138%. Regarding the
NHo fraction, no oxygen uptake was registered
during tests on both starting (sample 0 h) and final
samples (sample 250 h), so NHo fraction was not
degradable. Each fraction contributed to the total

OURL (compost-OURL) in different proportions,
and the composting process also modified these
contributions. Hi, Ho, and IF fractions contrib-
uted 50, 30, and 20% respectively to compost-
OURL at the beginning of the process (Table 3).
These percentages had changed in the final sample
(sample 250 h) being 13, 28, and 66% for Hi, Ho,
and IF respectively (Table 3). Therefore, at the
end of the process, the main contributor to the
total oxygen uptake was insoluble carbon.

DRIFT spectroscopy

DRIFT spectroscopy was used as a qualitative
means to identify main functional group in both
compost and in its fractions, i.e. IF, DOM, Hi,
Ho, and NHo. Spectra assignments were based on
Smith (1999) and Socrates (1980) (Figure 2).

The spectra obtained for Hi, Ho, and NHo
were well resolved and allowed the various func-
tional groups to be differentiated.

Hi fractions were essentially composed of
carbohydrates and carboxylic acids, as suggested
by the large band between 3000 and 3400 cm)1

(–OH stretching), though water could also con-
tribute to this large band, the peak at 1739 cm)1

(saturated C=O stretch of aldehyde, ketone, and
carboxylic acids), the band between 1222 and
1181 cm)1 (C–C–C stretch of ketone functional

Table 2. Biodegradability degree of compost and derived
fractions

OURL

(mg O2 g C)1)a

sample 0 h

OURL

(mg O2 g C)1)

sample 250 h

Compost 97.6±12bb 46.0±5a

IF 19.9±10a 31.7±2b

DOM 813.2±60b 516.5±20a

Hi 701.9±14a 703.5±100a

Ho 945±92a 2249±329b

Nho 0a 0a

aOURL expressed on own carbon content.
bmeans in the same row followed by different letter are statis-
tically different for P<0.05.

Table 3. The contribution of compost fractions to the total
compost oxygen uptake rate (OURL)

OURL OURL

Sample 0 h

(mg O2 g

compost-C)1)

Sample 250 h

(mg O2 g

compost-C)1)

Compost 97.6 ±12.2 46.0±5.2

Compost* 74.9a 51.5 a

IF 18.4±4.2 30.6±2.1

DOM 56.5±4.4 20.9±0.8

DOM** 50.6 b 19.1 b

Hi 30.0±0.6 6.1±0.9

Ho 20.6±2.0 13.0±1.9

NHo 0 0

aobtained as the sum of OURL of IF and DOM.
bobtained as the sum of (Hi+Ho+NHo).
*,**P<0.05.

Figure 2. DRIFT spectra for compost water-soluble and

water-insoluble fractions: Sample 0 h (top panels) and Sample

250 h (bottom panels).

c
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group, –C–OH), and the peak at 1062 cm)1 (C–O
stretch of carbohydrates and/or organic acids).
The small peak at 1626 cm)1 also suggests the
presence of proteinaceous material (amide scissor),
but it could also indicate carboxylate groups.
Composting process did not cause appreciable
modification of DRIFT spectra, which suggests
that chemically Hi fraction remained substantially
unmodified during composting.

Hydrophobic (Ho) fraction is mainly composed
of short chain and/or branched fatty acids and
aliphatic ketones and/or carbohydrates. The short
chain and/or branched fatty acids peak at
2937 cm)1 (asymmetric CH stretch of CH2), the
small shoulder at 2855 cm)1 (symmetric stretch
of CH2), the peak at 1719 cm)1 (C=O stretching
of carboxylic carbon), and peak at 1387 cm)1

(symmetric C–H bending vibration of CH3 group).
Aliphatic ketones and/or carbohydrates are sug-
gested by the band between 1300 and 1050 cm)1

(C–C–C stretch of ketone functional group, C–OH
and C–O stretch of carbohydrates and/or organic
acid). Composting process, which probably caused
the degradation of fatty acid at peaks 2937 and
2855 cm)1, disappeared (Figure 2).

The presence of the typical IR spectra of this
molecule suggests NHo fraction was essentially
formed of lignin-like material (Nada et al. 1998).
In particular, the large band between 3000 and
3600 cm)1 could be attributed to C–H stretch of
aromatic rings. Peaks at 2937, 2860, and
1440 cm)1 were due to O–CH3 bonds, and peak at
1568 cm)1 to C–H vibration of aromatic rings.
This interpretation agrees with both NHo solu-
bility in CH3–OH and its recalcitrant properties
(see Biodegradability test).

DOM fraction (spectra not reported) was
obviously a miscellanea of the three fractions.

As expected, IF fraction was composed of
polymers such as lignin (band between 3000–
3600 cm)1 with peaks at 2922, 2857, 1560, and
1458 cm)1), proteins (peaks at 1655 cm)1,
1319 cm)1), and polysaccharides (band between
1200 and 1000 cm)1) though overlapped bands
make any interpretation difficult.

Discussion

As suggested by Hamelers (2001), high-rate
composting can be described by the oxygen uptake

rate (OUR) and divided into four phases (A, B, C,
and D) (Figure 1). Analogous schemes for inter-
preting composting are proposed in the literature
(Kaiser 1996; Liwarska-Bizukojc et al. 2002). All
the same, Hameler’s model is used in this discus-
sion. Phase A corresponded to the exponential
increase of OUR which was caused by microbial
growth on available non-limiting substrate (DOM-
C) (Hamelers 2001; Stenstrom et al. 2001). During
this phase soluble carbon (DOM–C) provided the
main source of carbon available to microorganism,
becoming partially degraded to CO2 and H2O, and
partially used to build up microbial body (Chefetz
et al. 1998; Guardia et al. 2002). Although
decreasing during the second phase (Phase B),
DOM–C still continued to support high microbial
activity (high OUR). Phase C was characterized by
a rapid decrease of OUR. This fact suggests a
limitation of the available substrate because of
rapid degradation of the DOM (Hamelers 2001).
Effectively, the DOM decreased during Phase B
and C, but not as rapidly as to explain the drastic
reduction in OUR (Figure 1). On the other hand,
Hamelers (2001) reported that a rapid decrease of
OUR coincided with the complete depletion of the
soluble carbon, but this did not happen in this
study. The soluble fraction (DOM) at the end of
the process (Phase D) is about 500 g kg)1 of its
initial value, and consequently much greater than
zero (Figure 1).

To understand this question, it is important to
understand that soluble fraction (DOM) does not
necessarily mean degradable fraction (Chefetz
et al. 1998). DOM fractionation and successive
characterization of the soluble fractions (Hi, Ho,
NHo) in degradability test and DRIFT in both
starting and final samples suggested that NHo
fraction, as formed by lignin residue-like materials,
was not degradable. Moreover, both DRIFT data
and biodegradability test suggest that no sub-
stantial modification of the nature of this fraction
took place during high rate composting, support-
ing the idea of lignin catabolism as an origin.

This contrasts to Hi and Ho, which are mainly
composed of carbohydrates, proteinaceous mate-
rial, and fatty acids (Chefetz et al. 1998).

Biodegradability tests revealed that Hi and Ho
fractions still contributed to the total OUR in the
final stages of composting as they were as degrad-
able as starting samples (Hi), or even more so in
the case of Ho. In fact, these biodegradability
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tests showed no modification of OURL uptake for
start and end Hi samples, and unexpectedly
showed higher degradability of Ho fraction in the
final samples (Table 2). The higher Ho degrada-
bility for final sample is not easy to explain. In
contrast to the increase in OURL, the loss of lipid-
like material reported by DRIFT analysis suggests
a decrease of OURL. All the same, the isolated
fractions (final stage) may behave differently from
the same materials in the original mixture. More-
over, water-soluble fractions represent a miscellany
of different molecules only partially detected by
DRIFT analysis, which is not quantitative.
Therefore, biodegradability modification of Ho
could be caused by both chemical modification
and/or concentration of more degradable mole-
cules in the Ho fraction. Another hypothesis in-
volves the contribution of new fraction from
insoluble-C. This observation is supported by the
fact that starting from 110th h, Ho fraction re-
mained quantitatively constant, although biode-
gradability test indicates high degradability.
Therefore, Ho degradation and formation pro-
cesses probably coexist during composting, a fact
that should be considered in the discussion. The
same may occurs for Hi fraction, but its degrada-
tion kinetics is probably faster than its production
so that the net result is a sharp decrease of Hi.

The degradable soluble fraction, i.e. Hi + Ho,
was degraded by 800 g kg)1 of its initial content by
the end of the process (phase D), and it is this
which causes the drastic total OUR reduction. On
the other hand, NHo increased during composting
by 3700 g kg)1 of its initial content because of
the contribution of new NHo fraction originating
from the insoluble carbon (Table 1) and its
recalcitrant properties (Chefetz et al. 1998). Nev-
ertheless, NHo did not contribute to total OUR
because of its non-degradability.

The low presence of degradable soluble-C
(Hi + Ho) agreed with the low OUR recorded
(Hamelers 2001). Consequently, in the final stages
of composting the OUR could largely be caused by
the degradation of the substrate available after
polymer hydrolysis (Hamelers 2002), the OUR
thus representing an indirect measure of the kinetic
rate of hydrolysis (Adani et al. 2004).

Such a description of the high rate composting
finds mathematical expression in the equation
reported in M & M section (Hamelers 2001)
(Figure 3).

This trend was supported by the experimental
results. In fact, taking a theoretical respiration
quotient of 1 into consideration (mole CO2:mole
O2) (Adani et al. 2001) and the absolute amounts
of degraded carbons, a theoretical oxygen
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consumption of 250,666 mg O2 kg C)1 and of
245,333 mg O2 kg C)1 were calculated for de-
graded (Hi + Ho)–C and IF–C. As the cumulated
oxygen uptake rates calculated as the integrals of
the experimental OUR curve (Figure 3) were
249,349 mg O2 kg C)1 for (Hi + Ho)–C and
272,748 mg O2 kg C)1 for IF–C, there is good
agreement between this data and that of the model
presented by Hamelers (Hamelers 2001) (see fitting
indices reported in Figure 3 (Legend), which were
very close to the optimum values reported in the M
& M section).

This study contributes to knowledge of com-
posting processes, and particularly to the contri-
bution of water soluble fractions as these influence
OUR significantly during composting and thus
also influence composting plant design.

Moreover, the experiment suggested that the
composting process not only causes a decrease in
the water soluble fraction but also modifies its
composition. Consequently, both quantitative and
qualitative studies in the future could measure
composting maturity (e.g. biological stability and/
or maturity) (Chefetz et al. 1998).
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