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Introduction

Composting is a well-known system for rapid organic matter (OM) stabilization and
humification. The application of compost derived from a wide variety of human activ-
ities to arable soils has received worldwide attention because of a potential improve-
ment in soil fertility through the increase in the organic matter content [1]. Although
the transformation of OM during the composting process has been widely studied,
most reports focused on the NaOH-extracted humic-like fraction and less attention
has been devoted to the study of dissolved organic matter (DOM).

Compost DOM is a mixture of specific low-molecular weight compounds (free amino
acids and sugars) and chemically heterogeneous, high-molecular weight polyelec-
trolytes (enzymes, amino-sugar complexes, polyphenols, and humic-like substances)
[2]. Since most biogeochemical transformations that form part of the evolution of or-
ganic matter during composting occur in solution, DOM represents the most active
fraction of compost, both biologically and chemically. It is therefore the organic frac-
tion most subject to change, and as such, should directly reflect the OM transformation
process. In actual fact, the chemical transformations that occur in the DOM fraction
of compost could provide important indications on the evolution and stabilization pro-
cesses during composting, as well as on the maturity of the final compost.

The involvement of compost DOM in the chemical and biochemical processes of a soil
ecosystem after amendment with compost has a direct implication on the composition
of soil organic matter [3] and on the suitability of a compost to support plant growth



[4]. Even if the amount of DOM in compost is small compared to the bulk organic
matter, it plays a significant role in the microbial activity in soil and in the transport of
nutrients, metals and hydrophobic pollutants [5].

In view of the important role that DOM plays in both the process and the application
stages of composting, this research seeks to relate the assessment of compost stability
and maturity to the chemical and spectroscopic transformations that occur in the water
soluble fraction from fresh feedstock to final compost.

Materials and Methods

Raw materials and composting processes

Three urban waste composts were produced mechanically under aerobic conditions
by fast aerobic digestion (28 d) followed by a curing phase. Composts SCOM1 and
TCOM1 were produced at a composting plant in Perugia (Italy) while SCOM2 was
produced in Milan (Italy). SCOM1 and SCOM2 were produced from a standard mix-
ture of source-separated municipal solid waste and yard trimmings, in a feedstock ra-
tio of 50:50% and 70:30% respectively. TCOM1 was produced from an experimental
feedstock composed of source-separated municipal solid waste (55%), yard trimmings
from pruning activities (30%) and foliage residues from the tobacco agro-industry
(15%). The changes in the chemical characteristics of the feedstock with composting
time were studied by collecting and analysing compost samples at different times.

Extraction and fractionation of dissolved organic matter

Compost dissolved organic matter samples (SDOM1, SDOM2 and TDOM1) were ob-
tained from the urban waste composts (SCOM1, SCOM2 and TCOM1) by overnight
extraction with deionized and degassed water (extraction ratio of 1:10 on a dry weight
basis) at room temperature, followed by centrifugation and filtration of the supernatant
through a 0.45 micrometers membrane filter.

Fractionation of the DOM extracts into the hydrophilic (HiDOM) and hydrophobic
(HoDOM) fractions was carried out using an Amberlite XAD-8 resin (Rohm and
Haas, Philadelphia, Pa) [5]. All fractions obtained were purified and freeze-dried.

Chemical properties of composts and dissolved organic matter

Changes in some of the chemical properties of the feedstocks during composting were
determined following standard procedures. Analysis involved the determination of to-
tal organic carbon content by dichromate oxidation, total Kjeldahl nitrogen [6] as well
as the determination of total and labile polysaccharides [7]. Analysis of DOM extracts
involved the determination of dissolved organic carbon (DOC), hydrophilic and hy-
drophobic carbon, dissolved organic nitrogen (DON) and total water soluble phenol



concentration by reaction with the Folin-Coicalteau reagent followed by spectropho-
tometric quantification [8].

Spectroscopic analysis

The FT-IR spectra of the HiDOM and HoDOM fractions were obtained for a
wavenumber range of 4000 to 400 cm−1. Pellets were prepared by mixing 100 mg
of dried KBr with 2 mg of the lyophilized substance and then gradually compressing
up to 10 tons under vacuum for a total time of 10 min.

The 1H-NMR spectra were recorded on a Bruker 400 MHz spectrometer (Bruker,
Karlsruhe, Germany) at a temperature of 290 K. For measurement, 50 mg of each
freeze-dried sample were dissolved in 1 mL of 0.5 M NaOD/D2O. The spectra were
performed using 5-mm sample tubes using homonuclear presaturation for solvent sup-
pression, 1.16 s acquisition time, 1 s delay time and 2 Hz line-broadening factor.
Chemical shifts were given relative to the resonance of tetramethylsilane. The signal
areas were calculated by electronic integration.

Respirometric analysis

The specific oxygen uptake rate (SOUR) was determined by measuring the rate of
oxygen consumption in the liquid state for the various compost samples, and used as
a measure of organic matter stability [9].

Germination Bioassays

The effects of compost maturity on seedling emergence were determined with a cress
(Lepidium sativumL.) chosen for the bioassay of extracts from compost samples [10].
The extracts were obtained by bringing the water content of fresh samples to 85%, and
filtering through a 0.45 micrometers membrane filter. These extracts together with 3
dilutions (25, 50 and 75%) were used as the germination media. The number of germi-
nated seeds and the primary root length were measured and expressed as a percentage
of the control. Data were analyzed against concentration of the compost water extract
in the growing media and the compost age.

Results and Discussion

The variation in dissolved organic carbon (DOC) with composting time shows similar
trends in all three composts, particularly with high DOC values towards the begin-
ning of the process and a general decrease to low values towards the end of the curing
phase. The DOC concentration decreased by 72, 64 and 75% for SDOM1, SDOM2
and TDOM1 respectively. The variation in DOC concentration during the process is
related to the equilibrium between various reactions which increase or decrease the
amount of soluble organic matter. Solubilization through the degradation of the more



labile compounds initially, followed by the more refractory organics that form part of
the bulk organic matter, as well asde novobiochemical synthesis of low-molecular
weight compounds, increase the concentrations of DOC. On the other hand, the re-
duction in DOC concentrations depends on the continuous mineralization of soluble
organic compounds, and re-polymerisation and condensation pathways that lead to
the synthesis of humic-like substances that have a lower solubility in water. The con-
tribution of these various reactions during composting changes with process time –
the carbon content of DOM during the active phase of composting greatly depends
on the nature of the feedstock and composting process used, however, during the cur-
ing phase a general decrease in the organic carbon content is observed for the DOM
extracts of all three composts.

The changes in dissolved organic nitrogen (DON) with composting time, particularly
during the active phase, are more difficult to interpret than the net increase in the total
nitrogen content observed and generally reported for most composting processes. The
DON is probably influenced by the nature of the feedstock as well as the establish-
ment of various biological and chemical equilibria, also involving inorganic forms of
N. The changes are probably a function of variables such as temperature, humidity,
oxygen availability, carbon content, production of toxic degradation products, which
can influence the fate of organic nitrogen compounds in solution. Results show that
TCOM1 has a higher content of dissolved organic nitrogen possibly related to the use
of tobacco residues in the feedstock.

The variation in the dissolved organic carbon to nitrogen (DOC:DON) ratio during
the process shows a decrease similar to that observed for the total organic carbon to
Kjeldahl nitrogen (C:N) ratio of the feedstock for all three composts. However the
absolute values obtained for the DOC:DON ratio were generally lower than those
obtained for the C:N ratio, only returning to a similar value towards the end of the
process. This could be due to the faster degradation of the more labile, soluble carbon
compounds as a source of energy for microorganisms with respect to soluble organic
nitrogen, especially during the active phase of composting.

Fractionation of the DOM enables the study of the variation of the hydrophobic
(HoDOM) and hydrophilic (HiDOM) fractions with composting time. For all three
composts the variation in DOC during the active phase was directly related to the con-
centration of organic carbon in the HiDOM fraction (r2= 0.9731). In fact during the
first 30 days of composting the HiDOM fraction makes up about 80% of the DOC.
During the curing phase the concentration of carbon in the HoDOM fraction starts in-
creasing, until the concentration of carbon is actually equal or even greater than that in
the HiDOM fraction. This increase could be related to a net effect due to (i) a contri-
bution of hydrophobic constituents from the degradation of ligno-cellulosic materials



occurring during the curing phase, (ii) a faster mineralization of HiDOM moieties
with respect to the more refractory HoDOM constituents, and (iii) the transformation
of hydrophilic components into hydrophobic moieties by polymerization and conden-
sation reaction as part of the humification process. These changes in the characteristics
of DOC have been corroborated by looking at the variations in the concentrations of
organic constituents namely polysaccharides and phenolic compounds, as well as by
spectroscopic analysis.

The variations in the stability of the feedstock during the composting time are gener-
ally studied by means of respirometric analysis. Amongst these, the specific oxygen
uptake rate (SOUR), which measures oxygen demand in the liquid state is greatly
correlated to the concentration and composition of DOM. For all the three composts,
the changes in the concentration of hydrophilic DOM were found to correlate to the
SOUR values. Moreover, such a correlation seems to suggest that the reduction in
HiDOM with composting time is responsible for the increase in feedstock stability.
The lowest values of SOUR were obtained at process times in which the hydrophobic
to hydrophilic DOM ratio was greater than 1.

The seed bioassays were used to evaluate changes in compost phytotoxicity during the
composting process. The germination indexes (GI) obtained for each sample clearly
show a trend of decreasing phytotoxicity with composting time. During the active
phase a moderate increase in the GI is evident, however the most significant increase
occurred after 60 days of composting. The influence of the water extract concentration
in the germination media on the GI was different for samples collected during the
active and curing phases. The values obtained for the active phase samples show that
maximum toxicity is reached even by the media containing 50% of the extracts and no
difference is observed with higher concentrations. The most dilute media (25%) inhibit
germination by about 50% with respect to the control. On the other hand, the curing
phase samples induce a variation of the GI that seems to be inversely proportional to
the concentration of the germination medium over the concentration range studied.

Phytotoxicity or poor plant response can result from several factors the most impor-
tant of which are a high oxygen demand, the accumulation of toxic compounds such as
alcohols, methane, low molecular weight organic acids, ammonia and toxic nitrogen
compounds, the immobilization of nitrogen with high C/N ratios, and the presence of
heavy metals and mineral salts [11]. Although a significant correlation was observed
between the concentration of DOC and the germination indices, further research into
the chemical characteristics of the compost DOM with respect to phytotoxicity is fore-
seen.
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