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ABSTRACT  

 

This work aimed to contribute to the knowledge about the formation of humic-like 

substances (HS-like) during composting and to assess the recovery of these substances 

from commercial compost with low quality.  

Several mixtures with raw materials of known composition (wheat flour, dog food) 

were composted. First, it was studied the influence of mild solvents, sodium and potassium 

pyrophosphate, in the yield and characteristics of extracted HS-like, as well as in the co-

extraction of heavy metals from compost. Secondly, it was assessed the influence of raw 

materials, presence of bulking agent and initial C/N ratio on the humification during 

composting. Third, commercial composts were used as HS-like source. In all phases, 

composts and HS-like were characterized using the conventional physical, chemical, 

stability and maturity parameters. The fractionation of heavy metals was also determined.  

Results showed that potassium pyrophosphate can be used advantageously for the 

HS-like extraction. During composting the HS-like content were influenced by presence of 

carbon rich raw materials and the initial C/N ratio, being their production independently of 

the composts quality. The HS-like produced from commercial composts showed low level 

of co-extracted heavy metals, however, the presence of Cu, Cr and Pb can influence 

negatively their composition.   

 

 

Key-Words: Bioavailability; Compost; Heavy metals; Humic-like substances; Recovery 
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Otimização do processo de humificação durante a compostagem e 

avaliação do potencial de recuperação de substâncias húmicas 

 

 

RESUMO  

 

O presente trabalho visou contribuir para o conhecimento sobre a formação das 

substâncias húmicas (SH) durante a compostagem, bem como avaliar a sua obtenção a 

partir de compostos comerciais de reduzida qualidade. 

Várias misturas com matérias-primas de composição conhecida (farinha de trigo, 

ração para cães) foram compostadas. Estudou-se a influência de solventes alcalinos, 

pirofosfato de sódio e de potássio, no rendimento e nas características das SH extraídas do 

composto, bem como na co-extração de metais pesados. Analisou-se a influência das 

matérias-primas, do agente de suporte e da razão C/N inicial na humificação durante a 

compostagem. Por fim, avaliou-se a utilização de compostos comerciais como fonte de SH. 

A caracterização dos compostos e SH baseou-se em parâmetros físicos, químicos e 

biológicos. Avaliou-se igualmente o fracionamento dos metais pesados. 

Os resultados mostraram que o pirofosfato de potássio pode ser utilizado 

vantajosamente para extrair as SH. Durante a compostagem os materiais ricos em carbono 

e a razão C/N inicial influenciaram o teor de SH, sendo a sua produção independentemente 

da qualidade dos compostos. As SH extraídas a partir de compostos comerciais 

apresentaram baixo teor de metais pesados, no entanto, a presença de Cu, Cr e Pb pode 

influenciar negativamente a sua composição química. 

 

 

Palavras-chave: Biodisponibilidade; Composto, Metais pesados; Recuperação; 

Substâncias húmicas   
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1. INTRODUCTION 

1.1. Humic substances 

Humus or humic substances (HS) are refractory, amorphous, dark colored and 

heterogeneous organic compounds, and are among the most widely distributed organic 

materials on the Planet (Janos, 2003; Stevenson, 1994). HS are thought to constitute 

approximately 80% of the total carbon in terrestrial and 60% of the dissolved carbon in 

aquatic media (Janos, 2003; Peña-Mendez et al., 2005). Humus make up the bulk of 

organic matter (OM), because it represents most of the organic materials of soil, peat, 

lignites, leonardite, brown coals, sewage, natural waters and their sediments (Peña-Mendez 

et al., 2005). However, the major stock of HS is preserved in the fossilized organic 

materials such as leonardite and peat. Therefore, humus represents one of the greatest 

carbon reservoirs on Earth (Peña-Mendez et al., 2005).  

In general, HS are composed of chemically complex organic compounds, which are 

largely hydrophilic, acidic and polydisperse (Janos, 2003). HS are classified based on the 

solubility of its components under acidic or alkaline conditions (Janos, 2003; Peña-Mendez 

et al., 2005; Stevenson, 1994): humin, the insoluble fraction of HS; humic acids (Figure 

1.1), which are soluble in alkaline but not in acidic conditions (generally pH < 2); and 

fulvic acids (Figure 1.2), which are soluble under all pH conditions. 

 

 

Figure 1.1: Model structure of humic acid according to Stevenson (1994). 
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Figure 1.2: Model structure of fulvic acid according to Buffle et al. (1977). 

 

In nature, HS, mainly humic acid and humin, are extremely resistant to 

biodegradation (Grinhut et al., 2007). Indeed, given their low decomposition, HS belong to 

the group of stable natural organic compounds (Linnik et al., 2008).  

 

1.2. Humification  

In nature, HS are formed through humification, which is a natural process that turns 

organic matter into humic substances by geo-microbiological mechanisms. According to 

Stevenson (1994), HS are formed by secondary synthesis reactions during the decay 

process and transformation of biomolecules from plants and other dead organisms. The 

specific process conditions that optimize the transformation of organic raw materials into 

HS are still not fully understood. There are four theories concerning HS formation: 

1) Lignin modifications, 2) Quinone-Amino Acid Interaction, 3) Microbial Synthesis of 

Aromatics, and 4) The Maillard Reaction (a sugar-amino acid reaction sequence). Each 

theory describes complicated biotic and abiotic reactions in which a variety of organic 

compounds are resynthesized (Stevenson, 1994).  

Although previously described as being high molecular weight polymers with 

molecular masses ranging from several hundreds to tens of thousands, currently HS are 

thought to be compounds of relatively low molecular weight forming supramolecular 

associations (Adani et al., 2006; Janos, 2003). Consistently with this new point of view, 

HS form dynamic associations stabilized by hydrophobic interactions and hydrogen bonds. 

According to Janos (2003) various simple organic compounds are considered to be 

building blocks, from which the complex structure of HS is composed, e.g. salicylic acid, 

phthalic acid and others. However, there is uncertainty as to whether HS are truly 

polymeric, i.e., show a regular repetition of simpler structural units (Janos, 2003).  Further 
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research is needed to elucidate the intermolecular interactions that link humic components 

into supramolecular associations and to establish the pathways by which these associations 

emerge (Sutton and Sposito, 2005). 

Despite great efforts to clarify the still unknown structure of HS, it is known that 

their major functional groups include carboxylic, phenolic, carbonyl, hydroxyl, amine, 

amide and aliphatic moieties, among others (Peña-Mendez et al., 2005). Among these 

predominant functional groups, those containing oxygen atoms, such as carboxylic and 

phenolic groups, account for most of the titratable acidity in HS (Zhou et al., 2005). 

Usually, there are more carboxylic than phenolic functional groups in HS (Zhou et al., 

2005). 

Briefly, HS are composed of a very large variety of aromatic rings (phenolic and 

quinonic) bound by acid functional groups or by peripheral aliphatic chains 

(polysaccharides, peptides, etc.) and grouped into the different molecular arrangements 

that make up the structure of HS (Jouraiphy et al., 2008). 

 

1.2.1. Humification during composting 

HS can also be formed through composting, and are known as humic-like substances 

(HS-like). Composting technologies have been developed for a variety of organic wastes 

such as green wastes (Khalil et al., 2008), municipal solid waste (MSW), sewage sludge 

and cow and pig manures (Chang and Hsu, 2008). This is a biotechnological aerobic 

process where different microbial communities mineralize part of the OM and contribute to 

the humification of the recalcitrant OM. Indeed, the composting process consists of two 

phases. The first one is characterized by intense microbiological activity leading to the 

decomposition of most biodegradable material. The second phase is characterized by the 

conversion of part of the remaining organic material into HS-like (Adani et al., 1999), 

producing the compost (end product). Raw materials, temperature, aeration, moisture 

content and the ratio of carbon/nitrogen (C/N) are the major factors affecting the final 

quality of the compost (Epstein, 1997). An initial C/N ratio of 25–30 is considered to be 

the most adequate to obtain a compost with high final quality (Choi, 1999; Haug, 1993; 

Vallini, 1995).  

Overall, during composting occurs the partial decomposition of aliphatic, 

polypeptidic and polysaccharide-like components with the increase of aromatic ring 
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polycondensation and polymerization degrees (Amir et al., 2004; Senesi et al., 2005), 

namely the formation of aliphatic polyesters/ethers (Jouraiphy et al., 2008). It has been 

suggested that the latter are neoformed, with an increase in ether/ester bonds leading to the 

formation of alkyl linkages during the humification. Thus, the final product presents both 

aromatic and aliphatic structures that are chemically and biologically more stable than the 

initial raw material (Jouraiphy et al., 2008), being also resistant to microbial degradation 

(Amir et al., 2004).  

By increasing the composting time, the chemical and structural properties of the HS-

like components of the compost approached the characteristics typical of native soil HS  

(Campitelli and Ceppi, 2008; Lhadi et al., 2006; Plaza et al., 2007; Senesi et al., 2007). 

Previous works using FT-IR (Fourier Transformed Infrared) and 
13

C-NMR (Nuclear 

Magnetic Resonance) spectroscopy to study changes in the chemical structure of humic-

like acid (HA) and fulvic-like acid (FA) isolated from composted sludge at different 

degrees of maturity showed the presence of abundant etherified/esterified aromatic 

structures (Amir et al., 2006). Other authors, such as Almendros et al. (2000), found that, 

in most cases, in composted forest and shrub biomass the recalcitrant material accumulated 

during composting was not exclusively aromatic in nature. Additionally, these authors 

reported that the presence of tannins may contribute, through their selective preservation 

and condensation reactions, to limit the decomposition of aliphatic biomacromolecules, 

resulting in an enrichment of aliphatic structures. 

According to Senesi et al. (2007), HS-like of organic amendments are characterized 

by higher aliphatic character and molecular heterogeneity, lower contents of oxygen, acidic 

functional groups and organic free radicals, and lower degrees of aromatic ring 

polycondensation, polymerization and humification than native soil HS. These differences 

are less evident for composted materials. Ayuso et al. (1997) obtained similar results; they 

demonstrated that HA derived from less evolved organic materials, such as sewage sludge 

and compost (from sewage sludge with the organic fraction of municipal waste), which 

showed higher aliphatic nature, higher nitrogen compound content, lower oxidation degree 

and more heterogeneous composition than those extracted from more evolved materials 

(peat and leonardite).  

Nevertheless, composts exhibit HS-like characteristics and can be safely applied as 

organic soil amendment (Cayuela et al., 2006). Indeed, the quality of compost can be 

established on its humus content.  



1. INTRODUCTION 

5 

 

1.2.1.1. Compost quality 

The application of compost in soil can counteract the depletion of organic matter. 

Therefore, it is a current agricultural management strategy. Indeed, the use of compost in 

agriculture management is expected to enrich the soil in mature organic material rich in 

HS-like, which contributes to the health and fertility of soils (Senesi et al., 1996). 

However, to assure that the introduction of compost in the agriculture soils does not have 

harmful effects, composts must have high quality. Compost quality refers to the overall 

state of the compost in regard to physical, chemical and biological characteristics, which 

indicate the ultimate impact of the compost on the environment (Lasaridi et al., 2006). 

Such characteristics are: particle size distribution, moisture, organic matter and carbon 

content, nitrogen content and forms of nitrogen, phosphorus and potassium, heavy metals, 

salinity and the nature of ions responsible for it, water holding capacity, porosity and bulk 

density, inert contaminants, pathogens, and state of maturity or stability (Lasaridi and 

Stentiford, 1998). The acceptable values for each parameter may depend on the intended 

applications of the product, namely its use as landfill cover or in agriculture (Anonymous, 

2008; DG ENV.A.2, 2001; EC, 2006). However, the most important parameters, from the 

point of view of standards for the protection of public health, soil and environment in 

general, are those related to pathogens, inorganic and organic potentially toxic compounds 

(heavy metals, polychlorobiphenyls, polycyclic aromatic hydrocarbons, phthalates, etc.) 

and stability, the latter determining compost nuisance potential, nitrogen immobilization 

and leaching and phytotoxicity (Lasaridi et al., 2006). In fact, the use of compost in soils 

requires that it must have achieved an adequate degree of maturity, which implies stable 

organic matter content and the absence of phytotoxic compounds and plant or animal 

pathogens (Bernal et al., 1998; Gomez, 1998).  

Among the proposed indices of maturity, the most representative are the ones 

measuring the evolution of humic-like acid or fulvic-like acid. Studies in this respect refer 

to the humification ratio, humification index, percentage of humic-like acid, humic-like 

acid to fulvic-like acid ratio and chemical, physicochemical and spectroscopic 

characterization of HS-like. 
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1.3. Factors that affect the humification 

The formation process of HS, as described above, is extremely complex, based on 

complementary abiotic and biotic pathways including intense structural transformation of 

plant and microbial biomacromolecules, as well as condensation of simple compounds 

coming from the biodegradation of soil organic matter or being synthesized by plant and 

microorganisms.  

 

1.3.1. Abiotic factors  

A series of environmental factors, mainly climatic conditions and organomineral 

interactions, have a variable effect on the humification process, leading to HS with 

different structural features depending on the soil forming factors (Fernández-Getino et al., 

2010). Therefore, HS are formed both under the influence of abiotic factors and processes, 

and with the direct participation of living organisms (Chukov, 2008). During composting, 

the progress of humification processes is related to numerous abiotic factors, such as the 

composition of the raw materials (Smidt et al., 2008), time and the oxidative conditions of 

treatment that influence microbial activities (Binner et al., 2010). The type of composting 

system, with or without reactor, the presence of conditioning agents such as organic and 

inorganic additives are some of the operational conditions which may contribute to the 

enhancement of humification process. 

The lignin content, the C/N ratio, and the particle size of the raw materials seem to 

be important to the humification process. Several theories consider that lignin units 

entering into reaction with amino acids form the core of the humic molecule (Tan, 2003) 

via a very complex chemical pathway involving degradative and condensation reactions 

(Lopez et al., 2006). Smidt et al. (2008) found that the molecular structure and the 

decomposition level of grass-lignin may lead to the provision of building blocks for humic 

molecules. It seems that the oxidized lignin-derivatives, such as methylated protocatechuic 

acid and gallic acid derivatives, constitute the ‘‘core’’ of humic structures, especially for 

materials in which microbial decomposition is still incomplete (Amir et al., 2006). 

According to some authors, all these degraded lignin fractions are then polymerized by a 

free-radical mechanism to generate the humus (Lopez et al., 2006; Tuomela et al., 2000). 
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However, it is unclear at which degradation level and time during the humification process, 

lignin is incorporated into humic molecules. Also Smidt et al. (2004) have shown that the 

amount of humic-like acids present in composts depends considerably on the chemical 

composition of the input material. It can be assumed that humification is the outcome of a 

well-balanced mixture of organic compounds, microbial activity and moderate aeration 

(Smidt et al., 2004). Yard/kitchen waste (biowaste) yields, in general, more HS-like than 

other raw materials (e.g. sewage sludge). The higher content of aromatic compounds in 

plant materials might be the reason (Smidt et al., 2008). Corroborating the importance of 

raw materials, Campitelli and Ceppi (2008) consider that vegetable wastes are the 

dominant contributors to the HS-like.  

The higher the C/N ratio of an organic material, the slower it is degraded in the soil, 

which may be related to its low nitrogen content and it provides a more stable humus 

(Domeizel et al., 2004). Several organic and inorganic materials were used as additives 

(conditioning agent) to enhance the composting and consequently the humification 

process, resulting in an increase of HS-like mainly the HA. Some of these additives were 

ash (Koivula et al., 2004), sawdust (Lopez et al., 2006) and rock phosphate (Satisha and 

Devarajan, 2005). Shredding or adding wood shavings led to products richer in OM; 

combining these practices has resulted in the highest OM values and led to a more stable 

and mature product (Tognetti et al., 2007).  

Gerasimowisz and Byler (1985) showed that the relative increase in the degree of 

aromaticity and unsaturation of the humic-like acids vary as a function of time and also of 

the treatment used for sewage sludge (drying, anaerobic digestion, or composting with or 

without wood chips). Iyengar and Bhave (2006) found that composts from aerobic reactors 

result in more humus, which seems to confirm the importance of the oxidative conditions.  

 

1.3.2. Biotic factors 

Microorganisms are the driving force of the formation, transformation, degradation 

and mineralization of HS (Grinhut et al., 2007; Cui et al., 2008). Both bacteria and fungi 

seem to participate in the formation of HS; however fungi may have an important role in 

the process due to their ability to degrade lignin (Lopez et al., 2006). Most of the 

traditionally composted wastes are supposed to contain sufficient indigenous 

microorganisms and, thus, inoculation is rarely employed in composting. However, 
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microbial inoculation seems to be a good practice to improve humification. Nevertheless, 

contradictory findings concerning the effects of inoculation on different composting 

processes, and consequently in the HS-like, can be found in literature (Ming et al., 2008; 

Vargas-García et al., 2006). 

Smidt et al. (2004) consider that the microbial activity plays a key role concerning 

the balance between humification and mineralization. In order to reach the best results, 

particularly when lignocellulosic wastes are involved, the microorganisms considered for 

inoculation must be selected on the basis of their ability to speed up the biodegradation of 

raw materials at initial stages; this early decomposition will favor a faster and more 

efficient humification (Vargas-García et al., 2006).  

Several studies confirmed the increase in the HS-like content with inoculation. In 

composts containing a high proportion of woody raw materials, fungi such as Trametes sp. 

M23 (Granit et al., 2007), Trametes versicolor (Hachicha et al., 2012), Phanerochaete sp. 

Y6 (Granit et al., 2007), Phanerochate flavor-alba, Coriolos versicolor and Trichoderma 

koningii (Lopez et al., 2002) play an important role in lignin degradation and humus 

turnover. They led to a greater degree of aromatization of HA, increasing its content and 

the lignin degradation. Their ability to degrade lignin and a wide variety of aromatic 

compounds is due to a nonspecific extracellular enzyme system, which involves lignin 

peroxidases, laccases and manganese-dependent peroxidases, as well as hydrogen-

producing oxidases. Epicorom nigrum, Eurotium echinulatum, Hendersonula torulidea and 

Aspergillus sydowi were found to synthesize HA from different phenolic materials under 

different conditions. The polymerization was associated with phenoloxidase enzymes 

(Grinhut et al., 2007).  

Suárez et al. (2004) corroborated that the inoculation with lignocellulolytic 

thermophilic bacteria also provides several benefits on the degradation of the lignin 

fraction. Also Steger et al. (2007) considered that the Actinobacteria plays an important 

role in humus formation. Wei et al. (2007) found that inoculation with microorganisms led 

to a greater degree of aromatization of HA and would improve the humification degree and 

consequently the maturation processes, in the following order: lignocellulolytic 

(Trichoderma and white-rot fungi) > complex microorganisms (Bacillus casei, 

Lactobacillus buchneri and Candida rugopelliculosa). However, mixed inoculation of 

municipal solid waste (MSW), with complex and lignocellulolytic microorganisms 

originated a greater degree of HA aromatization than inoculation with complex 

microorganisms or lignocellulolytic alone (Wei et al., 2007).  When inoculated in almond 
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shell and rice straw heaps respectively, Bacillus shackletonni and Ureibacillus 

thermosphaericus induced higher humification levels than those obtained for other raw 

material/inoculant combinations (Vargas-García et al., 2006).  

Overall, these studies indicate that microbial activity plays a leading role on 

transformations occurring during humification processes. When the substrates composted 

are of agricultural origin, lignocellulosic substances constitute an important fraction of the 

total organic matter, which potentially makes lignocellulolytic microorganisms the most 

adequate to enhance the humification process. Although lignin-degrading microorganisms 

occur naturally in composts, it has been shown that inoculation with lignin-degrading 

microorganisms accelerates the composting process and increases the compost quality, in 

terms of humification (Lopez et al., 2006; Requena et al., 1996; Vargas-García et al., 

2006). In fact, some of the compounds released from lignocellulose degradation as a 

consequence of microbial activity, such as polyphenols, sugar and amino-containing 

compounds seem to promote humus formation (Vargas-García et al., 2006). 

 

1.4. Applications of humic substances  

The HS properties enable their application in industry, cosmetics, biomedicine, 

environment and agriculture (Janos, 2003; Peña-Mendez et al., 2005).  

In industry, humus and humus-containing materials have been used as additives in 

large-scale building and in ceramic industry, due to their capacity to control density in 

cement or concrete and to enhance the mechanical strength of unprocessed ceramics (Peña-

Mendez et al., 2005). Humic acid may have several types of functions when used in 

drilling fluids (oil or water base), such as to reduce viscosity, gel strengths and used as 

fluid loss agents (Caenn et al., 2011). HS may be used to color several materials such as 

clay tiles, wood, leather, paper and plastics, mainly Nylon 6 or PVC plastics (Peña-Mendez 

et al., 2005). They can be also used as black tinting agents, special pigments and 

rheological control additives in oil base paints, industrial coatings, varnishes and shellacs. 

Humic acid of brown coal derived leonardite has been used for stabilization of oxide 

nanoparticles (Chekanova et al., 2008).  

In the last decade there has been an increasing interest in the employment of humic 

materials in medicine and biology (Klöcking and Helbig, 2005; Litvin and Minaev, 2013). 



1. INTRODUCTION 

10 

 

The feasibility of using soil humus extracts with amino acid complexes and vitamin B 

analogues as a base of cosmetic and pharmaceutical products has been studied. Given that 

humic acid can change the activities of enzymes, for instance in the skin, they are 

traditionally used in the pharmacy industry in the preparation of bath salts and artificial 

bath mud. HS, especially fulvic acid, seem to have the power to protect against cancer and 

related cancer-causing viruses (Litvin and Minaev, 2013). They have antiviral, 

antimicrobial, profibrinolytic, anti-inflammatory and estrogenic activities (Junek et al., 

2009; Klöcking and Helbig, 2005; Litvin and Minaev, 2013; Peña-Mendez et al., 2005; 

Schepetkin et al., 2002). The commercial humic preparations produced from peat seem to 

be promising food additives for poultry of different kind and age. They act as growth 

promoters, immune and stress-protectors and metabolism correctors (Rath et al., 2006; 

Stepchenko and Mihailenko, 2008). 

As HS are involved in various processes in soil and in aquatic ecosystems, they may 

be applied to wastewater treatment and soil remediation. The main feature of HS is their 

polyfunctionality as they can act as sorbents (Nikolaev et al., 2008).  The main role of HS 

in environmental chemistry is to remove toxic metals, anthropogenic organic chemicals 

and other pollutants from water. HS behave like weak acid polyelectrolytes and the 

occurrence of anionic charged sites accounts for the ability to retain heavy metal ions, 

radionuclides and many other environmental pollutants (LeBoeuf and Weber, 2000; 

Lenhart and Honeyman, 1999; Satisha and Devarajan, 2005). The surface charge of the 

humic acid became more negative with the increase of pH, raising the potential for cationic 

metal species interaction (Zhou et al., 2005). This ability of HS to bind heavy metal ions 

can be attributed to their high content of oxygen-containing functional groups, including 

carboxyl, phenol, hydroxyl, enol and carbonyl structures (Clemente and Bernal, 2006), as 

described above. Nevertheless, the binding of heavy metal ions by HS depends on the 

concentration of both HS and heavy metal ions (Hankins et al., 2006). Other studies have 

also suggested that HS may be dynamically involved in carbon and electron flow in 

anaerobic environments, which allow their potential role in pollutant transformation, and, 

in some cases, detoxification (Kang et al., 2002). HS are involved in formation of 

disinfection byproducts during water treatment, and heterotrophic production in blackwater 

ecosystems (IHSS, 2008).  

In a global perspective, HS may sequestrate carbon and nitrogen. The sequestration 

avoids the release of CO2 into the atmosphere, and thus, they act as a carbon mechanism 

http://www.ihss.gatech.edu/
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storage, with benefit in the context of global warming (Smidt et al., 2008), contributing to 

the sustainability of the Planet (Binner and Tintner, 2006). 

In agriculture, HS are generally used as soil conditioners, fertilizers and bioactive 

compounds (Nikolaev et al., 2008), they increase the bioavailability of nutrients and 

biological activities. HS increase accumulation of chlorophyll, sugar, amino acids and 

improve the efficiency of nitrogen utilization, allowing the plant to withstand the stresses 

of heat, drought, cold, disease, insect and other types of environmental or cultural stress.  

They also increase general plant productivity, in terms of yield (Valdrighi et al., 1996; 

Vallini et al., 1993), as well as plant stem strength (Shahriari et al., 2008). Few recent 

studies report a significant action of humic and humic-like fractions in the growth 

inhibition of different fungal species (Loffredo et al., 2008). HS contribute also to soil 

weathering, pH buffering (IHSS, 2008), clay mineral-organic interaction and cation 

exchange (Seyedbagheri, 2008). Improvement of soil aggregation through its effects on 

soil water content, temperature, aeration and mechanical impedance influences root 

development and seedling emergence (Ferreras et al., 2000). Canarutto et al. (1996) found 

that humic-like acids from green compost, induce small size clod formation and preserve 

stability of microaggregates of the soil, however, these effects were not observed with 

humic acids from leonardite.  

Given that the beneficial role of HS in the environment is well known, many 

companies all over the world, are producing humic-based products from organic raw 

materials (Perminova et al., 2005). There is a whole variety of industrial humic-based 

products on the market, which includes humates (humic acid based product) and fulvates 

(fulvic acid based product) in a liquid or dry powder form. The humic-based products may 

be produced from peat, lignites, sapropel, and organic wastes (Bezuglova et al., 2008). 

Need of optimal utilization of wastes is unquestionable (Nadporozhskaya et al., 2008). 

Therefore, the humic-based products should be produced from organic materials already 

included into anthropogenic carbon cycle, such as green wastes, municipal solid wastes 

and animal manure. Ayuso et al. (1997) observed that the origin of the HA has no 

significant effect on plant growth and nutrient absorption. This would support the idea that 

municipal wastes can be used as alternative sources of HA instead of the traditionally used 

materials.  

 

  

http://www.ihss.gatech.edu/
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2. ROAD MAP FOR THE THESIS  

 
Studies on HS are important as they play an important role in industry, biomedicine, 

environment and agriculture. These substances are essential to maintain healthy 

ecosystems and they contribute to minimize major environmental problems, namely 

through carbon sequestration and consequently global warming. This subject is one of the 

topics included in the 7th European Community Programme on research needs for 2007 - 

2013 (Future European Union Research Policy - EC's 7th Framework Environment 

Programme (FP7)). In the 14th International Meeting of IHSS (International Humic 

Substances Society) the main knowledge gaps were presented: 

- sources of HS are very diffuse and extensive inventory studies are needed; 

- classification of HS as carbon feedstock for different industrial needs is needed; 

- standardization protocols are lacking; thus developing protocols and quality criteria 

for appropriate industrial is needed; 

- HS are not well understood in regards to their exact structure, appropriate 

methodology for conversion to other materials and fundamental knowledge regarding their 

properties; 

- biological activity of HS is not very well known. 

It may be concluded that there is a need for a large scale interdisciplinary and policy 

oriented research programme.  

On the other hand, composting is a process of mineralization and humification of 

organic matter present in biodegradable wastes. Although there are several ongoing studies 

on optimizing the composting process in operational terms, there are few certainties about 

the influence of these conditions on the increase of HS-like, as well as the mechanism of 

formation of these substances. The literature information about the major factors 

influencing humification during composting is scarce; contradictory results subsist, both in 

terms of the role of microorganisms and characteristics of the raw materials. 

To contribute to the "state of the art" it is important to carry out studies aiming to 

increase the knowledge about the processes originating HS-like. HS-like are produced 

during composting, a process that is an advantageous option of waste recycling. In this 

context, the present work aimed to contribute to the knowledge involving the extraction 
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methodology, characterization, formation and applications of HS-like obtained from 

composts of different origins. Generally, it was intended to upgrade the understanding of 

the influence of operating parameters on the formation of HS-like during the composting 

process, and the knowledge of their chemical characteristics. Simultaneously, it was 

planned to assess the possibility of recovering HS-like from low quality composts, thus 

maximizing its recovery, particularly for their use in agriculture. 

To achieve these objectives, first the characteristics of HS-like extracted from 

compost using two different alkaline solvents, sodium- and potassium pyrophosphate, in 

terms of HS-like amount and their chemical characteristics, were compared. Namely, the 

presence of functional groups and the assessment of heavy metals co-extraction were 

assessed. The characteristics of the HS-like were similar for both extracts, irrespective of 

the extracting solvent used. The content of heavy metals in potassium extracts (potassium 

fulvates) was lower than in sodium extracts (sodium fulvates). Overall, these results are 

interesting as they mean that the extraction with potassium pyrophosphate allows the 

obtaining of HS-like rich in potassium, which minimizes the possible toxic effect for plants 

of HS-like rich in sodium (chapter 3).  

Based on these results, the potassium pyrophosphate methodology was used, as 

solvent, in order to know which are the key factors that influence the humification during 

composting, as described in chapter 4. The optimization of the operating conditions for the 

transformation of organic waste into compost with higher HS-like was a major goal. This 

knowledge allows, simultaneously, improving the compost quality. This part of the work 

was developed using different mixtures of organic materials/wastes. It was intended to study 

the influence of the type of raw materials, the presence of the bulking agent and the initial 

C/N ratio on the HS-like formation, as well as on their chemical characteristics. It was 

found that to have high humification a well-balanced mixture of organic materials with an 

optimal C/N ratio, and a higher percentage of the bulking agent were important. 

Some commercial composts may not have the desirable quality to be applied as 

organic amendment, because they do not follow the national and/or international quality 

proposal guidelines, namely in heavy metals content. Therefore, the quality of four 

Portuguese commercial composts was assessed based on their physicochemical, stability 

and maturity parameters, as described in chapter 5. The properties varied among the 

analysed composts; it was found that electrical conductivity, heavy metals content and 

maturity were the parameters that limited the composts quality. Given the composts had 

low quality, the feasibility of using them to obtain liquid fertilizers rich in HS-like was also 
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assessed (chapter 5). The low levels of heavy metals and the absence of phytotoxicity in all 

the analysed HS-like extracts indicated that composts with low quality may be used to 

produce liquid organic fertilizers, substituting those from natural resources.   

The fractionation of the heavy metals according to the BCR (Community Bureau of 

Reference) methodology was applied to the same composts in order to know which 

fraction of the heavy metals influences the HS-like chemical composition (chapter 6). The 

results indicated that the chemical composition was influenced by the residual fraction of 

Cu, Pb and, mainly, Cr. It was concluded that the mobile forms of Zn and Pb associated 

with high moisture content may contribute to the increase of compost phytotoxicity. 
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3. CHARACTERIZATION OF SODIUM AND POTASSIUM 

HUMATES/FULVATES EXTRACTED FROM COMPOSTS 

 

ABSTRACT 

Compost was produced at laboratory with raw materials of known composition. 

Conventional parameters were used to analyse the evolution of the composting process and 

to estimate the degree of humification over composting time. Humic-like substances (HS-

like) were isolated from the compost using two different alkaline solvents (sodium 

pyrophosphate and potassium pyrophosphate). Humic-like and fulvic-like acids were 

quantified in HS-like and their functional groups were identified by Fourier transform 

infrared spectroscopy (FT-IR). A comparison between the amount and characteristics of 

the extracted HS-like was carried out to understand the influence of the extracting solvent. 

Heavy metals content in the HS-like was determined, in order to evaluate if they were co-

extracted. The characteristics of the HS-like were similar in both extracts, irrespective of 

the extracting solvent used. In both cases, the content of heavy metals was lower in the 

humic-like acid fraction than in the fulvic-like acid fraction. These results are interesting as 

they mean the extraction with potassium pyrophosphate allows to obtain HS-like rich in 

potassium, which minimizes the possible toxic effect for plants of HS-like rich in sodium. 

 

Keywords: Compost; Extraction solvent; Fulvates; Heavy Metals; Humates; Humic-

like substances 

 

3.1. Introduction 

Enhanced concentration, intensification and specialization of crop and livestock 

production without sufficient consideration of the natural site specific soil characteristics 

and climate conditions, have been leading to pronounced degradation and partly 

irreversible damages of the soil. Such processes include soil compaction, water and wind 
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erosion, water logging, chemical degradation and humus loss (Hüttl and Frielinghaus, 

1994). There is a growing tendency to use humic substances (HS) as liquid organic 

amendment which may contribute to the essential functions of global soil fertility and 

health. In particular, the humic acids and their salts may provide a viable alternative to the 

use of synthetic polymers to ameliorate poor structural stability and disaggregation in soils 

(Imbufe et al., 2005). Humates can regulate plant growth, accelerate root development, 

enhance photosynthesis, improve soil cluster structures and benefit the absorption of 

nutrient elements (Hua and Wang, 2009; Vallini et al., 1993), by both plants and 

microorganisms (Peña-Mendez et al., 2005). The HS have been isolated from natural 

resources such as river water, peat, and leonardite, however this extraction can contribute 

to the extinction of these natural resources. On the other hand, composting is a useful 

method to produce stabilized and mature organic material rich in humic-like substances 

(HS-like). Nevertheless, the presence of heavy metals in composts can reduce their quality 

and may limit their application to soil. An alternative for the use of the composts with low 

quality is to use them as a source for the extraction of HS-like. 

Na
+
 and K

+
 are the ions most commonly used for HS extraction (Swift, 1996). Rosa 

et al. (2000) studied the parameters that influence the extraction of HS from peat using 

KOH and NaOH. Their results showed that the KOH had advantages over NaOH, due to 

higher efficiency and reduction of contaminants such as proteins. However, some authors 

argue that the extraction process may modify the HS constituents in a greater or lesser 

extent (Prentice and Webb, 2010; Rosa et al., 2005; Swift, 1996). Indeed, Prentice and 

Webb (2010) demonstrated that in some samples with low carbon contents, the δ
13

C values 

of humin or humic acid can be either enriched or depleted in 
13

C when different extraction 

solutions are used. To avoid the chemical alteration it was recommended to use mild 

extraction reagents (e.g. Na4P2O7) as opposed to strong reagents (e.g. NaOH).  

Depending on the extraction method, the organic amendments can be applied to the 

soil as sodium or potassium humate/fulvate. However, in contrast to potassium, sodium 

can cause problems in plant growth because, except for certain plant species as halophytes, 

it is beneficial only in relatively low concentrations but toxic at high concentrations 

(Schachtman and Liu, 1999). With particular toxic effects in plant growth, the heavy 

metals content in HS can restrict the application of these organic amendments. The long-

term accumulation of heavy metals in the soil environment is of utmost concern because 

they potentially have important consequences for the quality of the human food chain, 
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toxicity to plants and soil microbial processes. Moreover, once applied heavy metals have 

very long residence times in soil (Smith, 2009). 

Although some studies have compared the effect of different extraction reagents 

(mild or strong) on the chemical characteristics of HS (Prentice and Webb, 2010; Rosa 

et al., 2000), there is no report on the effect of those reagents on the heavy metals co-

extraction. In this way, the present work aims at comparing the characteristics of HS-like 

extracted from compost using two different alkaline solvents, sodium pyrophosphate and 

potassium pyrophosphate, in terms of their amount and chemical characteristics, namely 

the presence of functional groups and to assess if heavy metals were also co-extracted.  

 

3.2. Materials and methods 

3.2.1. Composting set-up 

Compost used to extract HS-like was produced in a 20 L laboratory reactor at 25 ºC. 

Dog food pellets (18%) and wheat flour (77%) were used as raw materials and rice husks 

(5%) were added as bulking agent. Proportions are given on a wet weight basis and 

permitting to obtain an initial C/N ratio of 24. Dog food was composed of cereals, 

vegetable substances, meat, animal sub-products, minerals substances, oils and grasses.  

To maintain aerobic conditions, an aeration device was installed at the bottom of the 

composting reactor by pumping air at a rate of 4 L/min during 90 days. After this stage the 

compost was left to mature until day 270. Temperature was measured daily with a probe 

(TempTec) in the middle of the composting reactor. Moisture was kept at approximately 

50–60%.  

3.2.2. Physicochemical analysis 

The physicochemical characteristics of raw materials and compost samples taken at 

the beginning of the process and on days 25, 64, 90, 120, 240 and 270 were determined 

according to standard procedures. pH and electrical conductivity (EC) measurements were 

performed by electrometric determination in aqueous extracts (1:5, w/V) of the samples 

(EN 13037, 1999; EN 13038, 1999). Moisture content was determined from the weight 
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loss after drying the sample at 105 °C for 24 h (EN 13040, 1999). The organic matter 

(OM) content was quantified by weight loss after ignition of dry sample, in a furnace at 

550 °C for 8 h (EN 13039, 1999). Total carbon (TC) was estimated by multiplying the OM 

content by the empirical coefficient 0.5 (Zucconi and De Bertoldi, 1987). The total 

nitrogen (N) content was determined by the Kjeldahl digestion method (EN13654-1, 

2001). Ammonium nitrogen (NH4
+
-N) was determined, according to the methodology 

described in Cunha-Queda (1999), by distillation in an alkaline medium after extraction of 

50 g of wet sample with 200 mL of 2 N KCl with stirring for 1h, centrifugation for 30 min 

at 3500 rpm and filtration of the supernatant through a 25 µm paper filter 

(Schleicher&Schuell).  

Losses of OM and total N were calculated from the initial (X1) and final (X2) ash 

contents (in percentage) and the initial (N1) and final (N2) N contents (in percentage), 

according to the following equations (Paredes et al., 1996): 

 

      

        

3.2.3. Extraction of humic-like substances 

Compost samples taken at days 120, 240 and 270 were used for the extraction of the 

HS-like. HS-like were extracted according to methodology described in the Spanish 

official method for the analysis of fertilizing organic products (R.D. 1110/12 July 1991), 

which consists of successive treatments of the sample with an alkaline solvent followed by 

separation of humic-like acids by precipitation with sulfuric acid.  

In the present study the extractions were made varying the alkaline solvents, sodium 

pyrophosphate (ENa) and potassium pyrophosphate (EK). Briefly, the humic-like 

substances extract (HE) was obtained by shaking, during 1 h, 10 g of dry sample with 

120 mL of 0.1 M extractant solvent (ENa or EK). After centrifugation for 20 min at 

4000 rpm, the supernatants and the precipitates were carefully separated; this operation 

was repeated three times. The supernatants were allowed to settle overnight, separated 

again by centrifugation for 20 min at 4000 rpm and adjusted to pH 2.0 by adding 

concentrated H2SO4. The precipitates formed at pH 2, conventionally known as humic-like 

 
X1 - 100 X2

X2 - 100 X1
100 - 100  (%) loss OM

N1 X2

X1N2
100 - 100  (%) loss N
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acids (HA), were allowed to coagulate for 24 h at room temperature and then were 

separated from the soluble fulvic-like acids (FA) by centrifugation for 20 min at 4000 rpm. 

With this procedure it was obtained sodium and potassium humates, and sodium and 

potassium fulvates. The total organic carbon associated with HE, HA and FA were 

quantified by a colorimetric method and reported as % of carbon (HEC, HAC and FAC). 

This methodology is described in more detail in chapter 4, page 32. The humification 

indices were calculated according the following expressions (Roletto et al., 1985): 

 

Degree of Polymerization (DP) = HAC/FAC      

Humification Ratio (HR) = 100×HEC/TC     

Humification Index (HI) = 100×HAC/TC     

Percentage of Humic-like Acids (PHA) = 100×HAC/HEC   

3.2.4. Humic-like substances characterization 

In order to remove interfering compounds, the HA and FA fractions were further 

purified by dialysis (Spectra-Por membrane 1000 Da) (Abouelwafa et al., 2008) until the 

electrical conductivity was below 1 mS cm
-1

 (Amir et al., 2005). The HA and FA fractions 

were finally freeze-dried. The ratio of absorbance at 465 nm and 665 nm (E4/E6 ratio), 

which permit to describe the level of the humification process, was obtained by visible 

spectrophotometry (Jenway 6300 Spectrophotometer) using 3.0 mg HA or FA in 10 mL of 

0.05 mol L
-1

 NaHCO3. The functional groups of HA and FA were identified by Fourier 

transform infrared spectroscopy (FT-IR). Spectra were recorded on a Bruker Tensor 27 

spectrophotometer using KBr pellets (2 mg sample: 200 mg KBr). Both analyses were 

performed only on day 270.  

3.2.5. Heavy metals content in composts and humic-like substances 

Heavy metals content (Zn, Cu, Ni, Cd, Cr and Pb) was determined in humic-like and 

fulvic-like fractions and in the compost. These parameters were analysed by flame atomic 

absorption spectrophotometry (Perkin Elmer Atomic Absorption Spectrophotometer) after 

digestion of samples with “aqua regia”, followed by filtration (EN 13650, 2001). 
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3.2.6. Statistical analyses  

Data were subjected to one-way analysis of variance (ANOVA) and the Newman-

Keuls test was used to separate the means. All statistics analyses were carried out using 

Statistica 6.0 software.  

 

3.3. Results and discussion 

3.3.1. Characterization of raw materials 

The composting mixture used in this study was obtained from dog food and wheat 

flour, and rice husk was used as bulking agent. Although with significantly different values 

(p<0.05), all the materials presented neutral pH values and low moisture content. As 

previously reported (Chang et al., 2005; Kumar et al., 2010), the dog food was 

characterized by high nitrogen content and consequently a low C/N ratio, while rice husk 

had the highest C/N ratio (Table 3.1).  

The proportion of each raw material in the mixture was calculated in order to obtain 

a C/N ratio between 25 and 30, which is considered as the optimum for composting (Choi, 

1999; Haug, 1993; Vallini, 1995). N content was mainly supplied by dog food and to a 

lesser extent by wheat flour.  

 

Table 3.1: Physicochemical characteristics of the bulking agent (rice husk) and the raw 

materials (dog food and wheat flour) used to produce the compost. 

Parameters 

Bulking agent  Raw materials 

Rice husk Dog food Wheat flour 

pH 7.1±0.0a* 6.6±0.0b 6.4±0.0c 

EC (mS cm
-1

) 1.1 ±0.0a 3.0 ±0.1b 1.1±0.1a 

Moisture (%) 10.9±0.16a 9.1±0.03b 13.5±0.1c 

Organic matter (% d.m.) 86.6±0.2a 89.0±0.6b 98.5±0.0c 

Total carbon (% d.m.) 43.3±0.1a 44.5±0.30b 49.3±0.0c 

Total nitrogen (% d.m.) 0.37±0.03a 4.2±0.1b 1.7±0.2c 

C/N 119±10a 10.6±0.1b 29.5±3.0c 

d.m.- dry matter; *Values in a row followed by different letters are statistically different (p<0.05);  

EC - Electrical conductivity. 
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3.3.2. Changes in physicochemical parameters during composting 

The evolution of physicochemical parameters during composting is shown in Table 3.2.  
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The composting process occurred during 270 days (Table 3.2). A long period was 

necessary to reach thermophilic temperatures, with the maximum value (69.5 ºC) 

registered at day 90. These results indicate that other factors, besides C/N ratio, influenced 

the composting process. As the decomposition progressed, the OM content decreased, 

while the N content of the mixture increased. Significantly higher total N values (p<0.05) 

were registered from day 120 (~ 3%) up to day 240 (~ 8%), probably as a consequence of a 

concentration effect due to the weight reduction of the mixture (Tiquia and Tam, 2000).  

The composting process led to N and OM losses of 41% and 87%, respectively 

(Figure 3.1). Despite the 41% of N lost during composting process, the final (day 270) 

content of total N (~ 7%) was significantly higher than the initial value (2% at day 0). 

According to Doublet et al. (2010), N conservation is favored when the initial C/N ratio is 

high. In this study, the initial C/N ratio, of about 24, was enough to conserve the N content, 

while achieving a degree of mineralization comparable to other composting experiments 

with similar initial C/N ratio value (Paredes et al., 2002). 

 

 

Figure 3.1: Organic matter (OM) and nitrogen (N) losses during the composting process. 

3.3.3. Characterization of composts 

The agricultural value of a compost increases when the OM reaches a high level of 

humification (Bernal et al., 2009). To evaluate the degree of humification during the 

composting process, samples were taken from day 120 up to day 270. As discussed above, 
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this study aimed to compare the efficiency of extraction and the characteristics of the 

resulting HS-like extracted with two alkaline solvents, Na4P2O7 (ENa) and K4P2O7 (EK).  

Despite the total carbon content in humic-like extract (HEC) remained stable since 

day 240 (Table 3.3), during the composting process the total amount of HAC increased and 

the amount of FAC decresead with time. A similar evolution is reported by Xiong et al. 

(2010) and Bernal et al. (1998). Values of carbon content for FA extracted with potassium 

pyrophosphate (EK) -potassium fulvate- were higher than those obtained using sodium 

pyrophosphate (ENa) -sodium fulvate. However, the carbon content for the HA was similar 

for both alkaline solvents (potassium and sodium humate). Data of humification indices 

showed that the degree of polymerization (DP), the percentage of humic-like acids (PHA) 

and the humification index (HI) increased with time. The HR and HI indices are higher 

than 7.0 and 3.5 respectively, limit values that were established by Roletto et al. (1985) to 

indicate the humification level of the OM. These results seem to confirm that the HA 

content generally increased during composting, proving the humification of the organic 

matter (Bernal et al., 1998). 

 

Table 3.3: Characterization of humic-like substances extracted with two alkaline solvents 

[Na4P2O7 (ENa) and K4P2O7 (EK)] at different times of the composting process. 

 

Parameters 

Time (days) 

120 240 270 

ENa ENa EK ENa EK 

HEC (% d.m.) 11.6±0.2a* 9.1±1.1b 10.2±0.5ab 10.4± 0.3b 10.3±0.7ab 

HAC (% d.m.) 1.7±0.2a 3.0±0.1b 2.5±0.2c 3.4±0.2bd 3.4±0.2d 

FAC (% d.m.) 8.6±0.8a 6.8±0.2bc 7.2±0.2c 5.4±0.2d 6.2±0.3b 

DP  0.2±0.0a 0.4±0.0b 0.4±0.0c 0.6±0.1d 0.5±0.0e 

HR (%) 25.6±0.4 25.9±0.1 25.5±1.2 26.2±0.8 25.8±1.6 

HI (%) 3.8±0.3a 7.5±0.3b 6.2±0.6c 8.5±0.6bd 8.5±0.5d 

PHA (%) 14.8±1.1a 28.9±1.3b 24.4±2.9c 32.3±1.8b 32.9±3.5b 

d.m.- dry matter; ENa - extraction with sodium pyrophosphate;  EK - extraction with potassium 

pyrophosphate; HEC – Carbon content in humic-like extract; HAC – Carbon content in humic-like acid; FAC 

– Carbon content in fulvic-like acid; DP – Degree of Polymerization; HR – Humification Ratio; HI – 

Humification Index; PAH – Percentage of Humic-like Acids; *Values in a row followed by different letters 

are statistically different (p<0.05). 

 

The absorbance ratio E4/E6 of the HS is a traditional parameter used to estimate the 

degree of humification and/or the molecular size of organic matter constituents (Pertusatti 
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and Prado, 2007; Sellami et al., 2008; Shirshova et al., 2006). The absorbance at 465 nm is 

the result of the depolymerisation of organic macromolecules through microbial 

decomposition at the beginning of humification (Sellami et al., 2008). The absorbance at 

665 nm is characteristic of high oxygen content and of aromatic compounds produced in 

the stabilization phase (Sellami et al., 2008). Thus, higher E4/E6 ratios are associated with 

low degree of molecular condensation (Senesi et al., 2007; Unsal and Ok, 2001). Chen 

et al. (1977) reported that soil humic and fulvic acids were characterized by an E4/E6 ratio 

of 5–6 and 8–9, respectively. The E4/E6 ratio values of the HA extracted with sodium and 

potassium pyrophosphate from sample on day 270 were 5.0 and 6.0, respectively. For the 

FA extracted with sodium and potassium pyrophosphate the E4/E6 values were 7.2 and 

7.3, respectively. These results were similar to those reported for soil and for other waste 

materials (Unsal and Ok, 2001). Slightly difference was observed in the E4/E6 ratio values 

of both HA and FA obtained with the different alkaline solvents. 

The identification of the chemical and structural composition and the functional 

properties of the HS-like are the most appropriate and reliable parameters used to evaluate 

the humic characteristics of a given compost (Bernal et al., 2009). Non-destructive 

spectroscopic methods such as the Fourier transform infrared spectroscopy (FT-IR) have 

been used to identify the chemical functional groups of HS-like and the interpretations of 

respective spectra were based on numerous studies (Amir et al., 2004; 2005; 2010; 

Ait Baddi et al., 2004; Campitelli and Ceppi, 2008; Castaldi et al., 2005; Droussi et al., 

2009; Fialho et al., 2010; Plaza et al., 2007; Polak et al., 2007; Sánchez-Monedero et al., 

2002; Senesi and Plaza, 2007; Smidt et al., 2008). The FT-IR spectra of FA or HA (Figure 

3.2) were similar, which indicates the presence of the same functional groups in each type 

of extract, irrespective of the alkaline solvent used for extraction. The absorbance around 

3400 cm
-1

, present in both fractions, can be attributed to the stretching vibration of O-H 

groups, and secondarily to N-H stretching of various functional groups, while peaks at 

2928 and 2854 cm
-1

 are attributed to aliphatic methylene groups (C-H stretch). The 

carboxylic acid vibrates at different bands: 1740-1720 cm
-1

 (C=O stretch), 1425 cm
-1

 

(COO
-
 stretch) and 1265-1240 cm

-1
 (C-O stretch). The spectra of FA showed bands at 

1740-1720 cm
-1

 (C=O stretch) in opposition of HA spectra. The presence of these bands, 

which are assigned to the C=O stretch of aldehydes, ketones, carboxylic acids and esters, 

in the FA fraction but not in the HA fraction suggests the occurrence of humification. The 

band at 1660-1640 cm
-1

 (C=O stretch, C=N stretch and C=C stretch), present in both 

fractions, can be related to aromatic rings. Whereas, the band at 1550-1510 cm
-1

 are 
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attributed to C=C skeletal stretching of aromatic compounds. These bands confirmed the 

presence of aromatic compounds. The peaks between 600 and 500 cm
-1

 may correspond to 

phosphate (Martínez-Sabater et al., 2009), these peaks were present in both fractions.  

 

 

Figure 3.2: FT-IR spectra of Fulvic-like Acids (FA) and Humic-like Acids (HA) extracted 

with 0.1 M sodium pyrophosphate (Na4P2O7 - ENa) and 0.1 M potassium pyrophosphate 

(K4P2O7 - EK). 

 

Heavy metals content can restrict the use of composts as organic amendments. 

Consequently it was important to know if heavy metals were co-extracted with the HS-like. 

Among the heavy metals analysed, zinc was the only heavy metal present in compost in a 

concentration (276 mg kg
-1

 d.m.) exceeding the limit (200 mg kg
-1

 d.m.) proposed by the 

2
nd

 Draft of EU regulation proposal (DG Env.A.2, 2001) for class I of compost. The 

concentrations of the other analysed heavy metals in compost were in general low 

(< 30 mg kg
-1

 d.m.) (Table 3.4). Indeed, the final concentration of the heavy metals in 

compost was lower than those found by other authors for composts produced from food 
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and green wastes (Kumar et al., 2010). A fraction (4 to 96%) of the heavy metals present in 

the compost were detected after extraction with both alkaline solvents used (Table 3.4), 

and only in the FA. These results are in agreement with Chien et al. (2006) that observed 

that the concentration quotients of the complexes formed from the reaction of HS with 

metals was higher in FA than in HA. In the same study, the sequence of reacting metals 

with HS was Pb > Cu > Cd > Zn. Also Smith (2009) reported that Pb was the element most 

strongly bound to the organic matter, whereas Ni was the weakest, with Zn, Cu and Cd 

showing intermediate sorption characteristics. Independently of alkaline solvents used, the 

results obtained on the present study for the FA fraction are in agreement with those 

reported by Chien et al. (2006) and Smith (2009).  

 

Table 3.4: Heavy metals content in compost and in humic-like and fulvic-like acids 

extracted with Na4P2O7 (ENa) and K4P2O7 (EK) after 270 days of composting. 

Parameters Zn Cu Ni Cr Cd Pb 

Compost  

(mg kg
-1

 d.m.) 

276±38 28±3 15±3 2.6±0.9 <LD 7.8±0.3 

FA 

(mg/L) 

ENa 0.64±0.06 <LD 0.64±0.05 <LD <LD 0.30±0.08 

EK 0.48±0.03 <LD 0.62±0.02 <LD <LD 0.27±0.08 

HA 

(mg/L) 

ENa <LD <LD <LD <LD <LD <LD 

EK <LD <LD <LD <LD <LD <LD 

d.m. – dry matter; ENa - extraction with sodium pyrophosphate; EK - extraction with potassium 

pyrophosphate; LD – limit of detection (Zn: 0.077 mg/L, Cu: 0.192 mg/L, Ni: 0.020 mg/L, Cr: 0.144 mg/L, 

Cd: 0.072 mg/L, Pb: 0.217 mg/L); HA – Humic-like Acid; FA – Fulvic-like Acid.  

 

The major heavy metal binding sites in humic and fulvic acids are usually attributed 

to the carboxylic and phenolic groups (Ashley, 1996), although other less abundant 

functional groups (e.g. N- and S-containing groups) may also be important for metal ion 

binding (Kinniburgh et al., 1999). Thus, the higher content of heavy metals in the FA than 

in the HA (Donisa et al., 2003) may be due to the presence of a higher fraction of 

carboxylic groups in FA than in the HA, as discussed above.  

In general, the content in heavy metals in the potassium extracts (potassium 

humates/fulvates) was lower than in the sodium extracts (sodium humates/fulvates) (Table 

3.4). The Zn content was lower in the FA potassium extracts. These results are interesting 

as they suggest that potassium humates can be safely applied in soil because the extraction 

procedure with the potassium solvent avoids the retention of heavy metals binding on HS-

like.  
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3.4. Conclusions 

In this study it was shown that humic-like substances extracted with both alkaline 

solvents (sodium and potassium pyrophosphate) were similar in terms of their amount and 

chemical characteristics. It was demonstrated that only a small percentage of the heavy 

metals present in the compost were co-extracted with the HS-like and, mainly with the 

fulvic-like acids. Nevertheless, the content of heavy metals in the potassium extracts 

(potassium fulvates) was lower than in the sodium extracts (sodium fulvates). Therefore, 

these results suggest that the use of potassium pyrophosphate to extract humic-like 

substances from composts, allows to obtain humates/fulvates rich in potassium instead of 

sodium, which will be more favorable in terms of crop fertilization, and also with low 

concentrations of heavy metals. 
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4. INFLUENCE OF THE COMPOSITION OF THE INITIAL MIXTURES ON 

THE CHEMICAL FUNCTIONAL GROUPS, PHYSICOCHEMICAL 

PROPERTIES AND HUMIC-LIKE SUBSTANCES CONTENT OF COMPOSTS 

 

ABSTRACT 

The influence of the proportion of C- and N-rich raw materials (initial C/N ratio) and 

bulking agent on the chemical functional groups composition, humic-like substances (HS-

like) content and physicochemical properties of composts was assessed. To achieve these 

goals, seven initial mixtures (BA1-6 and C1) of dog food (N-rich raw material) were 

composted with wheat flour (C-rich raw material). Composts were analysed in terms of 

chemical functional groups, physicochemical, maturity and stability parameters.  

The C-rich raw material favored the formation of oxidized organic matter (OM) 

during the composting process, as suggested by the variation of the ratios of the peaks 

intensity of FT-IR spectra, corresponding to a decrease of the polysaccharides and an 

increase of aromatic and carboxyl-containing compounds. However, low initial C/N seems 

to have favored the accumulation of partially oxidized OM, which may have contributed to 

high electric conductivity values in the final composts. Therefore, although favoring the 

partial transformation of OM into stabilized HS-like, initial mixtures with high proportion 

of C-rich raw material but with low initial C/N led to unstable composts. 

On the other hand, as long as a high percentage of bulking agent was used to promote 

the structure of biomass and consequently improve of the aeration conditions, low initial 

C/N was not a limiting factor of OM oxidation into extractable stabilized humic-like acids. 

 

Keywords: Bulking agent; C/N ratio; Humic-like substances; Maturity; Raw 

materials; Stability  
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 4.1. Introduction  

Composting is a biotechnological aerobic process where different microbial 

communities mineralize part of the organic matter (OM) and contribute to the humification 

of the recalcitrant compounds (Epstein, 1997). Usually, the mixture formulations for 

composting are based on the physical and chemical properties of the raw materials 

(Barrena et al., 2011; Bernal et al., 2009) in order to adjust the moisture content and the 

ratio of carbon/nitrogen (C/N) to optimal values capable of favoring the growth and 

activity of microbial populations (Soares et al., 2013). According to Epstein (1997), raw 

materials, temperature, aeration, moisture content and C/N ratio are the major factors 

affecting the final quality of the compost. The effect of raw materials on the composting 

process was studied by Chang and Hsu (2008). These authors demonstrated that in 

comparison with substrates rich in carbohydrates or fat, mixtures of food wastes rich in 

protein, derived from soy, fish and meat meals, supported higher temperature and pH 

values and shorter periods of time to reach maturity. According to Kumar et al. (2010), 

high moisture content in food waste or low nitrogen content of green waste may result in 

long treatment time or low degradation efficiency. In general, an initial C/N ratio of 25–30 

is considered to be the most adequate to obtain a compost with high final quality (Haug, 

1993). However, some studies have shown that composting can be carried out effectively 

at a lower C/N, of 15 (Huang et al., 2004; Zhu, 2007). The quality criteria for compost are 

established in terms of nutrient content, humified and stabilized OM, the maturity degree, 

the hygienisation and the presence of certain toxic compounds such as heavy metals, 

soluble salts and xenobiotics (Bernal et al., 2009). The acceptable values for the quality 

parameters, such as electrical conductivity, ammonium nitrogen and the presence of heavy 

metals, depends on the intended applications of the product, namely its use as landfill 

cover or in agriculture (DG ENV.A.2, 2001; EC, 2006). However, recently our team 

showed that humic-like substances (HS-like), which can be further used as liquid organic 

amendments, could be recovered from low quality composts (Silva et al., 2013). Although 

there are several ongoing studies on the optimization of the operational composting 

conditions, the information regarding the influence of these conditions on the content and 

characteristics of HS-like is scarce (Barje et al., 2012; Qi et al., 2012). The knowledge of 

key factors that influence humification would allow the improvement of the composts 

quality in terms of HS-like content. Therefore, in this study, the influence of the composition 
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of initial mixtures, i.e. the proportion of C- and N-rich raw materials, bulking agent and, thus, 

C/N ratio on the chemical functional groups composition, physicochemical properties and HS-

like content was investigated. 

 

4.2. Materials and methods 

4.2.1. Composts 

Seven composts herein designated by BA1-6 and C1 were studied. These composts 

were obtained from commercial dog food (DF) pellets composted with different 

proportions of wheat flour (WF) in order to obtain different initial C/N ratios. Rice husks 

(RH) were used as bulking agent. DF (N-rich raw material) and WF (C-rich raw material) 

were chosen because their composition was known and homogenous (Chang et al., 2005; 

Chang et al., 2006; Chang and Hsu, 2008; Vinnerås et al., 2003), and exempt of toxic 

compounds. Hence, it was possible to assess variations on the composts properties due to 

their initial proportion while maintaining all the characteristics derived from the raw 

materials. Dog food pellets presented the following qualitative composition: cereals, 

vegetable substances, meat, animal sub-products, minerals substances, oils and fats. 

Bulking agents, used to provide the optimum free air space and to regulate the water 

contents of the wastes to be composted, are typically inexpensive waste materials with low 

biodegradability that are readily available (Iqbal et al., 2010). In the present study, it was 

used rice husks, as reported before by different authors (Chang et al., 2005; Chang and 

Hsu, 2008; Chang and Chen, 2010; Iqbal et al., 2010; Soares et al., 2013). The 

physicochemical characterization of the raw materials and bulking agent is described in 

Table 3.1. These materials were used to prepare seven composting mixtures: six mixtures 

with a C/N ratio lower than 20 and one mixture with a C/N ratio higher than 20 

(Table 4.1). The composts were produced in laboratory reactors of 20 L. The room 

temperature (25 ºC) was maintained during the process using a temperature controller 

(3200 PID Eurotherm). An aeration device was installed at the bottom of the composting 

reactors to maintain the aerobic conditions; the air was supplied using an air pump at a rate 

of 4 L/min. The mixtures were manually turned every 3 days for a period of 30 days and 

then weekly. The aeration conditions were maintained until the end of thermophilic phase. 
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The moisture content was initially adjusted to approximately 50-60%, and maintained 

through the addition of water. Temperature was measured daily, with a probe (TempTec) 

in the middle of the composting reactor. According to the temperature profile (data not 

shown), when the temperature reached values near room temperature (25ºC), the composts 

were left to mature for a period of 30 days. Therefore, the end of composting process was 

at day 120 for mixtures BA1, BA2, BA4, BA5, at day 140 for mixtures BA3 and BA6 and 

at day 240 for mixture C1. Samples of about 2 kg were collected from the top to the 

bottom of each mixture, homogenized and stored at 4 °C. 

  

 

Table 4.1: Composition of the mixtures to produce BA1-6 and C1 composts. 

Mixtures Bulking  

agent 

Raw  

materials 

Initial C/N 

ratio 

Initial moisture 

(%) 

BA1 5% RH 95% DF 12.3±0.9a* 63.2±0.8a 

BA2  85% DF, 10% WF 14.5±2.2a 62.6±0.8a 

BA3  75% DF, 20% WF 13.7±1.5a 50.3±0.2b 

BA4 10% RH 90% DF 14.5±1.2a 49.8±1.0b 

BA5 80% DF, 10% WF 16.3±0.8a 47.2±1.1c 

BA6  70% DF, 20% WF 13.8±0.5a 50.8±0.4b 

C1  5% RH 18% DF, 77% WF 24.1±2.7b 52.2±0.9d 

* Values in a column followed by different letters are statistically different (p<0.05); RH – Rice Husks;  

DF – Dog Food; WF – Wheat Flour. 

 

4.2.2. Physicochemical characterization of composts  

The parameters used to characterize composts BA1-6 and C1 were moisture, OM, 

total organic carbon (TOC), total nitrogen (TN), ammonium nitrogen content (NH4
+
-N), 

pH, electric conductivity (EC) and C/N ratio. Moisture content was determined from the 

weight loss after drying the sample at 105 °C for 24 h (EN 13040, 1999). The OM content 

was quantified by weight loss after ignition of dry sample, in a furnace at 550 °C for 8 h 

(EN 13039, 1999).  The TOC was estimated by multiplying the OM content by the 

empirical coefficient 0.5 (Zucconi and de Bertoldi, 1987). The TN content was determined 

by the Kjeldahl digestion method (EN13654-1, 2001).  
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Ammonium nitrogen (NH4
+
-N) was determined according the methodology 

described by Cunha-Queda (1999). 50 g of wet sample were extracted with 200 mL of 2 N 

KCl. The suspension was stirred for 1 h, centrifuged at 3500 rpm for 30 min, and the 

supernatant was filtrated through a 25 µm paper filter (Schleicher&Schuell). An aliquot of 

50 mL of supernatant was distilled in an alkaline medium [40% (m/V) NaOH] and the 

NH3-N was received in 4% (m/V) acid boric; the quantification was done by titration with 

0.05 N HCl. pH and EC measurements were performed by electrometric determination in 

aqueous extracts (1:5, w/V) of the samples (EN 13037, 1999; EN 13038, 1999).  

The maturity of composts was assessed using humification parameters and indices. 

Extraction and fractionation of HS-like were carried out according to the methodology 

described in the Spanish official method for the analysis of fertilizing organic products 

(R.D. 1110/12, July 1991), which consists of successive treatments of the compost with an 

alkaline solvent. Briefly, the HS-like extract (HE) was obtained by shaking 10 g dry 

compost with 120 mL of 0.1 M pyrophosphate–KOH (pH 13) for 1 h. After three cycles of 

centrifugation, addition of alkaline solvent and shaking, the dark-colored supernatants 

were pooled, allowed to settle overnight, and centrifuged for 20 min at 4000 rpm. The 

resultant HE was fractionated by addition of ~1.5 mL 96% H2SO4 (pH 2), to separate the 

insoluble fraction, the humic-like acid substances (HA), from the soluble fulvic-like acid 

substances (FA). HA was dissolved in distilled water. The total organic carbon content of 

HE, HA and FA was determined by dichromate oxidation and sulphuric acid method 

(Yeomans and Bremner, 1988). Results were expressed as the percentage of total organic 

carbon of the parent compost in each fraction (HEC, HAC and FAC). The humification 

indices were calculated according the following equations (Roletto et al., 1985): 

 

Degree of Polymerization (DP) = HAC/FAC      

Humification Ratio (HR) = 100×HEC/TC     

Humification Index (HI) = 100×HAC/TC     

Percentage of Humic-like Acids (PHA) = 100×HAC/HEC. 

 

The chemical functional groups in composts were identified and quantified based on 

Fourier Transform Infrared Spectroscopy (FT-IR). Spectra were recorded on a Bruker 

Tensor 27 spectrophotometer using KBr pellets (2 mg sample: 200 mg KBr). The FT-IR 

absorbance of aliphatic groups (Cal, 2930 cm
-1

), aromatic compounds (Car, 1650 cm
-1

), 
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aromatic compounds including the lignin (Car-lig, 1510 cm
-1

), alkyl and carboxylate 

groups (Calk, 1384 cm
-1

), carboxylic groups (Ccarb, 1235 cm
-1

) and polysaccharide 

compounds (Cpol, 1030 cm
-1

) were used to calculate the ratios between 1650/2930, 

1650/1510, 1510/2930, 1384/2930, and 1030/1235 (Amir et al., 2010; Castaldi et al., 

2005). 

The stability of composts was assessed using the self-heating test (SH) according to 

Laga-Merkblatt M10 (1995) and the respiration activity after 4 days (AT4) according to 

DIN 19737 (2001) methodology. 

All the analyses were performed in triplicate. 

4.2.3. Statistical analyses  

Data were subjected to one-way analysis of variance (ANOVA) and the Newman-

Keuls test was used to separate the means. All statistical analyses were carried out using 

Statistica 6.0. Principal Component Analyses (PCA) were performed in order to compare 

the composts based on their chemical functional groups composition, obtained by the ratio 

between main peaks of FT-IR, and physicochemical properties. Canonical Correspondence 

Analyses (CCA) were carried out in order to assess the influence of initial C/N ratio and 

percentage of raw materials (explanatory variables) on the variance of the i) chemical 

functional groups composition, ii) the physicochemical properties and iii) the maturity and 

stability properties of composts. The significance of the relationship between the variance 

of the chemical functional groups composition, the physicochemical and the maturity, 

stability properties of composts (principal matrix) and the initial C/N ratio and percentage 

of raw materials (second matrix) was tested by Monte Carlo permutations test (n=499). 

Explanatory variables included in CCA analysis were selected by manual forward selection 

including the Monte Carlo permutations test. These multivariate analyses were performed 

with the software package CANOCO version 4.5. 
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4.3. Results  

4.3.1. Identification of chemical functional groups of composts 

The FT-IR spectra of the composts (Figures 4.1 and 4.2) displayed bands at       

2930-2855 cm
-1

 (aliphatic C-H stretching in CH2 and CH3), 1660-1640 cm
-1

 (overlap of 

several stretching bands of C=O of amide I, carboxylates, aldehydes and quinones in 

conjugation with olefinic and aromatic compounds, C=N of heterocyclic and C=C of 

olefinic compounds), 1550-1510 cm
-1

 (C=C skeletal stretching of aromatic compounds 

such as lignin), 1460-1360 cm
-1

 (overlap of several bending bands such as in aliphatic CH2, 

CH3, and phenolic OH, and C=O stretching of carboxylates), 1260-1200 cm
-1

 (amides III, 

C–O of carboxylic acids, aromatic ethers C–O–C), 1100-1030 cm
-1

 (C–O stretching of 

polysaccharides) (Smidt and Parravicini, 2009; Coates, 2000).  

 

Figure 4.1: FT-IR spectra of the composts (BA1-3). 
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Figure 4.2: FT-IR spectra of the composts (BA4-6 and C1). 

 

The intensity of these bands varied for different composts. To get additional insights 

about the influence of the composition of the initial mixtures on the chemical functional 

groups, composts were compared based on the ratios described in section 4.2.2 (Table 4.2).  

  



4. INFLUENCE OF THE COMPOSITION OF THE INITIAL MIXTURES ON THE CHEMICAL 

FUNCTIONAL GROUPS, PHYSICOCHEMICAL PROPERTIES AND HUMIC-LIKE SUBSTANCES 

CONTENT OF COMPOSTS 

36 

 

 

Table 4.2: Ratios between the main peaks of FT-IR spectra. 

Mixtures Car/Cal Car/Car-lig Car-lig/Cal Calk/Cal Cpol/Ccarb 

BA1 1.82 1.78 1.02 0.75 5.93 

BA2 1.75 1.83 0.96 0.78 4.58 

BA3 0.89 1.62 0.55 1.33 3.64 

BA4 1.34 2.12 0.63 0.42 6.64 

BA5 0.92 1.59 0.58 0.56 2.40 

BA6 1.32 1.36 0.97 2.52 2.13 

C1 2.17 1.56 1.39 3.24 2.31 

Car – aromatic compounds (1650 cm-1); Car-lig – aromatic compounds including the lignin (1510 cm-1); 

Cal – aliphatic group (2930 cm-1); Calk – alkyl and carboxylate groups (1384 cm-1);  

Ccarb – carboxylic group (1235 cm-1); Cpol – polysaccharide compounds (1030 cm-1). 

 

 

The PCA analysis of these data revealed that the ratios Car/Car-lig and Cpol/Ccarb 

were those contributing most to the variation among the chemical functional groups 

composition of the studied composts (Figure 4.3). Composts BA1, BA2 and BA4, for 

which highest values of these ratios were found (~1.8-2.1 and 4.6-6.6, respectively), were 

separated from all the others over principal component 1 (axis 1). On the other hand, 

compost C1 was separated from BA3, BA6 and particularly BA5 over axis 2, mainly due 

to its highest Car/Cal ratio (~2.2).  

 



4. INFLUENCE OF THE COMPOSITION OF THE INITIAL MIXTURES ON THE CHEMICAL 

FUNCTIONAL GROUPS, PHYSICOCHEMICAL PROPERTIES AND HUMIC-LIKE SUBSTANCES 

CONTENT OF COMPOSTS 

37 

 

Figure 4.3: Principal components analysis among the ratios between main peaks of FT-IR 

spectra (82.5% could be explained by axis 1 and 15.1% by axis 2). 
Car – aromatic compounds (1650 cm-1); Car-lig – aromatic compounds including the lignin (1510 cm-1); Cal 

– aliphatic group (2930 cm-1); Calk – alkyl and carboxylate groups (1384 cm-1); Ccarb – carboxylic group 

(1235 cm-1); Cpol – polysaccharide compounds (1030 cm-1).  

 

4.3.2. Influence of the composition of the initial mixtures on the chemical functional 

groups composition of composts 

To assess the influence of the composition of the initial mixtures, i.e. the initial C/N 

ratio and the proportion of the C- and N-rich raw materials and of the bulking agent on the 

chemical functional groups composition of composts, a CCA analysis was performed 

(Figure 4.4). This multivariate analysis could explain 86% of the variation found among 

the composts, and permitted to distinguish composts C1, BA3 and BA6 from all the others 

over axis 1. The ratios Calk/Cal and Cpol/Ccarb were the major factors of variation among 

in the analysed composts. Composts C1, BA3 and BA6 showed the highest (~1.3-3.2) 

Calk/Cal and the lowest (~2.1-3.6) Cpol/Ccarb ratios (Table 4.2). The proportion of C-rich 

raw material correlated positively with the separation of composts C1, BA3 and BA6. In 
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opposition, the proportion of N-rich raw materials correlated with the differentiation of 

composts BA1, BA2, BA4 and BA5. 

Figure 4.4: Canonical correspondence analysis biplot of ratios between main peaks of FT-

IR spectra (83.7% could be explained by axis 1 and 2.3% by axis 2) in function of the 

initial C/N ratio and percentage of raw materials of the respective composts. The species-

environmental correlations for axis 1 and 2 were, respectively, 0.964 and 0.639. Only the 

variables significantly (p<0.05) explaining the observed ratios between the main peaks of 

FT-IR spectra variation are shown. 
Car – aromatic compounds (1650 cm-1); Car-lig – aromatic compounds including the lignin (1510 cm-1);    

Cal – aliphatic group (2930 cm-1); Calk – alkyl and carboxylate groups (1384 cm-1); Ccarb – carboxylic 

group (1235 cm-1); Cpol – polysaccharide compounds (1030 cm-1).  

 

4.3.3. Influence of the composition of the initial mixtures composition on the 

physicochemical properties of composts 

Based on the physicochemical properties, the most distinct composts were C1, and 

BA3 and BA6, as revealed by the PCA and CCA biplots, which could explain 85.5% of the 

variation found (Figures 4.5 and 4.6).  
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Figure 4.5: Principal components analysis between the physicochemical properties of 

composts (80.4% could be explained by axis 1 and 19.2% by axis 2).  
EC - Electrical Conductivity; OM – Organic Matter; TN – Total Nitrogen. 

 

Figure 4.6: Canonical correspondence analysis biplot of physicochemical parameters 

(83.5% could be explained by axis 1 and 2% by axis 2) in function of the initial C/N ratio 

and percentage of raw materials of the respective composts: a) representation of 

physicochemical parameters distribution; b) representation of composts distribution. The 

species-environmental correlations for axis 1 and 2 were, respectively, 0.940 and 0.786. 

Only the variables significantly (p<0.05) explaining the observed physicochemical 

properties variation are shown. 
EC - Electrical Conductivity; OM – Organic Matter; TN – Total Nitrogen. 
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Moisture, TN, final C/N ratio and EC values were the parameters that contributed 

most to differentiate the studied composts. Composts BA3 and BA6 showed the highest 

values of EC (8.8 and 9.4 mS cm
-1

, respectively) and final C/N (7.3 and 9.0, respectively). 

In opposition, composts BA3 and BA6 showed the lowest moisture (~28 and 23%, 

respectively) and TN values (4.8 and 4.6% d.m., respectively). On the other hand, compost 

C1 showed the highest values of moisture (68%) and TN (7.7% d.m.) and the lowest (5.2) 

final C/N value (Table 4.3). However, composts C1, BA3 and BA6 showed the highest 

values of OM (78.9, 82.7 and 80.1% d.m., respectively) (Table 4.3). 

4.3.4. Influence of the composition of the initial mixtures composition on the maturity 

and stability of composts 

Considering the maturity (HS-like content) and stability parameters examined, the 

SH degree and AT4 were those that contributed most to differentiate composts C1, BA4 

and BA5 from all the others (Figure 4.7). These three composts showed, respectively, the 

highest (V) and lowest (~9-12 mgO2 g
-1

 d.m.) values of these parameters (Table 4.4). In 

addition, compost C1 and BA5 showed the highest values of DP (0.44 and 0.52, 

respectively) and PHA (33.2 and 27.6, respectively) (Table 4.4). On the other hand, 

composts BA3 and BA6 showed the highest contents in HEC (~11.5% d.m.) and HR (30.4 

and 27.9, respectively) (Table 4.4). The HAC content contributed to the separation of 

compost C1 (3.0 % d.m.) from BA4 and BA5 (1.3 and 2.3% d.m.) over axis 2 (Table 4.4, 

Figure 4.7). Again, C1 could be distinguished from all the BA (1-6) composts due to its 

highest initial C/N ratio, and from BA4 and BA5 due to its higher proportion of C-rich raw 

material. 
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Figure 4.7: Canonical correspondence analysis biplot of maturity and stability parameters 

(77.9% could be explained by axis 1 and 7.7% by axis 2) in function of the initial C/N ratio 

and percentage of raw materials of the respective composts: a) representation of maturity 

and stability parameters distribution; b) representation of composts distribution. The 

species-environmental correlations for axis 1 and 2 were, respectively, 0.959 and 0.862. 

Only the variables significantly (p<0.05) explaining the observed maturity and stability 

properties variation are shown. 
SH – Self-Heating; AT4 – Respiration Activity after 4 days; HEC – Humic-like Extract Carbon;                

HAC –Humic-like Acid Carbon; FAC – Fulvic-like Acid Carbon; DP – Degree of Polymerization;              

HI – Humification Index; HR – Humification Ratio; PAH – Percentage of Humic-like Acids. 
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4.4. Discussion 

The specific composting conditions that optimize the transformation of organic raw 

materials into HS-like are still not fully understood (Barje et al., 2012; Qi et al., 2012). 

This study aimed at assessing the effect of the proportion of bulking agent, C- and N-rich 

raw materials and C/N ratio on the final properties of composts. Variation among the 

composts was found for each set of parameters used in the comparisons.  

During composting, due to microbial activity, part of the readily oxidisable OM is 

mineralized into CO2, water vapor and inorganic substances, and is assimilated to form 

biomass, while the remaining recalcitrant OM undergoes humification (Senesi, 1989; 

Epstein, 1997). The humification process leads to the formation of compounds with 

increasing molecular weight, concentration of oxygen (carboxylic, phenolic, ethers and 

esters groups) and nitrogen (amides groups) containing functional groups and aromatic 

characteristics (Ait Baddi et al., 2004; Senesi, 1989; Senesi and Plaza, 2007). Therefore, 

methods capable of detecting these functional groups, such as FT-IR, have been employed 

to follow the humification process in composts (Ait Baddi et al., 2004; Amir et al., 2005, 

2010; Shirshova et al., 2006; Smidt et al., 2008).  

Composts C1, BA3 and BA6 showed the lowest Cpol/Ccarb and highest Calk/Cal 

ratios. In these composts, the decrease in the content of readily oxidisable OM, such as the 

starch (polysaccharide) present in the wheat flour and eventually other compounds rich in 

aliphatic carbon, was probably concomitant with the increase in the content of 

transformation products rich in alkyl and carboxyl groups. Therefore, it is suggested that 

the oxidation of the raw materials occurred more extensively in C1, BA3 and BA6 than in 

the other composts. Given the difference in the initial C/N ratio of these composts (~ 14 in 

BA3 and BA6, and 24 in C1), it was possible to conclude that the high percentage of the C-

rich raw material (20% in BA3 and BA6, and 77% in C1) seems to favor the oxidation of 

OM during the composting process. On the other hand, the higher values of final C/N and 

EC in BA3 and BA6 than in compost C1 permitted their distinction. The final C/N values 

of BA3 and BA6 composts (7.3 and 9.0, respectively) were similar to those found by 

others authors for food wastes composts (Sung and Ritter, 2008). Given the final OM 

content of composts BA3, BA6 and C1 was similar (~79-83% d.m.), the high final C/N 

values found in BA3 and BA6 were due to their lower final values of TN (4.8 and 4.6% 
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d.m.) than in C1 (7.7% d.m.). Since BA3 and BA6 contained more N-rich raw materials 

(75 and 70%, respectively) than C1 (18%), the lower final TN content could not be 

explained by the scarcity of raw materials rich in N. Thus, it is possible to conclude that 

low initial C/N may favor N losses, as suggested before (Goyal et al., 2005; Tiquia and 

Tam, 2002; Zhu, 2007) although this condition does not inhibit the composting process 

(Kumar et al., 2010; Zhu, 2007).  

The release of mineral salts due to the decomposition of organic matter and the 

concentration effect due to a net loss of dry mass, led to an overall increase in the values of 

EC (Tables 1 and 4). These effects were reported before (Bernal et al. 2009; Bustamante et 

al., 2012; Silva et al., 2009). Besides the inorganic substances, such as nitrates and sulfates, 

the increase of organic acids (e.g. acetic acid) during composting (Hernández et al., 2006), 

due to microbial oxidation of OM, may contribute to increase the EC values. In this study, 

the EC values found in all composts, and particularly in BA3 and BA6 (8.8 and 9.4 mS cm
-

1
 respectively) were higher than the upper limit (4 mS cm

–1
) considered tolerable by plants 

of medium sensitivity (Lasaridi et al., 2006). Such high EC values may be related with the 

accumulation of partially oxidized OM, such as low molecular weight organic acids 

(Hernández et al., 2006). These organic acids, although contributing to raise the Calk/Cal 

ratio and lower the Cpol/Ccarb ratio may have contributed to the low SH degree (II) and 

high AT4 (~ 25-27 mgO2 g
-1

 d.m.) of composts BA3 and BA6. The partially oxidized OM 

may have been extracted with the HS-like, contributing to the high HEC content (~12% 

d.m.) and HR index (~30 and 28%, respectively) of composts BA3 and BA6.  

In summary, the presence of high percentage of C-rich raw materials favors OM 

oxidation, which eventually became highly stabilized. Indeed, compost C1 was the one 

with the highest Calk/Cal and Car/Cal ratios and HAC content. However, low initial C/N 

seems to favor the accumulation of partially oxidized OM, leading to non-matured and 

unstable final composts. 

Interestingly, when the maturity and stability parameters were used to assess the 

extent of humification, among composts BA1-6, BA5 was the most similar to C1. Indeed, 

BA5 and C1 had similar PHA and DP indices (~28 and 33%, and 0.52 and 0.44, 

respectively), which are indicative of a high content in HA. However, the high degree of 

OM condensation suggested by these commonly used parameters to assess the maturity of 

composts were not corroborated by the Car/Cal, Car-lig/Cal and Calk/Cal ratios of BA5 

when compared to C1. These results suggest that only certain substances present in the 
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initial mixtures with a high percentage of N-rich raw materials (BA5) were oxidized into 

stable HS-like when compared to the composts with an initial mixture richer in C raw 

materials (C1). Composts BA5 and BA2 had similar initial C/N ratios (16.3 and 14.5, 

respectively) but differed in their RH content (10 and 5%, respectively). However, 

compost BA2 showed a higher Cpol/Carb ratio than BA5 (~4.6 and 2.4, respectively). 

Accordingly, the PHA and DP indices of compost BA2 (~19% and 0.3, respectively) were 

lower than in BA5. Thus, the results of this study suggest that low initial C/N is not 

inhibitory of OM oxidation into extractable stabilized HAC, when aeration is promoted by 

a high content of bulking agent.   

 

4.5. Conclusions 

Results indicated that the HS-like content was influenced by several factors, such as 

the initial C/N ratio and the proportion of raw organic materials. C-rich raw materials 

favored the formation of oxidized OM during the composting process. However, low initial 

C/N hampered a complete stabilization of OM, which contributes to reduce the quality of 

the final composts due to their low N content, high EC and consequent low stability. 

Nevertheless, composts with these characteristics could be used as a source of HS-like to 

be further used as organic amendments. 

Low initial C/N is not inhibitory of OM oxidation into extractable stabilized HAC, as 

long as a higher percentage of bulking agent is used to promote the structure of biomass 

and to improve aeration. 
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5. RECOVERY OF HUMIC-LIKE SUSBTANCES FROM LOW QUALITY 

COMPOSTS  

 

ABSTRACT  

The quality of four commercial composts produced from poultry litter and municipal 

solid wastes was assessed based on their physicochemical, stability and maturity 

parameters. These properties varied among the analysed composts; it was found that 

electrical conductivity, heavy metals content and maturity were the parameters that limited 

the composts quality. Therefore, the feasibility of using them to obtain liquid fertilizers 

rich in humic-like substances (HS-like) was assessed. The HS-like yield, phytotoxicity, 

heavy metals co-extraction and chemical characterization were carried out. The linkage of 

the HS-like chemical composition with the compost properties was assessed by 

multivariate analysis. Among the compost properties, germination indices, Cr and Cu 

contents were the parameters that correlated most with the HS-like chemical composition. 

The low levels of metals and absence of phytotoxicity in all the analysed HS-like extracts 

indicate that composts with low quality may be used to produce liquid organic fertilizers, 

substituting those from natural resources.  

 

Keywords: Compost quality; Liquid fertilizers; Humic-like substances; Humification  

 

5.1. Introduction  

Composting represents a strategy of organic waste treatment that is fully compatible 

with sustainable agriculture, given that compost term application may counteract depletion 

of organic matter in soils (Albrecht et al., 2011). Indeed, the utilization of compost in 

agriculture management is expected to enrich the soil in mature organic material rich in 

humic-like substances (HS-like), which contributes to the health and fertility of soils 
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(Senesi et al., 1996). However, to assure that the introduction of compost in the agriculture 

soils does not have harmful effects, composts must have high quality.  

Compost quality refers to the overall state of compost in regard to physical, chemical 

and biological characteristics (Lasaridi et al., 2006). Parameters as electrical conductivity, 

ammonium nitrogen and the presence of heavy metals in composts are among the factors 

that can reduce their quality and may limit their application to soil. Therefore, in an 

attempt to avoid negative impacts due to the utilization of low quality composts, the upper 

limits of these parameters are regulated by national (Anonymous, 2008) and international 

(DG ENV.A.2, 2001) quality proposal guidelines. 

The utilization of composts with low quality, i.e. those not following the national 

and/or international quality proposal guidelines, namely in heavy metals content, as a 

source of HS-like may be a sustainable alternative to their usage as soil conditioners. 

Indeed, nowadays there is a growing tendency to use humic substances (HS) as liquid 

organic amendment, produced from natural resources such as leonardite, peat, and lignite 

(IHSS, 2008; Tahir et al., 2011) but their use can contribute to the extinction of these 

natural resources. The most common method to extract HS-like from these natural 

resources involves alkaline extraction (e.g. NaOH) followed by precipitation at low pH. 

With this methodology, all the extracted organic acids are expected to be present in either 

the humic acid or fulvic acid fraction (IHSS, 2008). Salts can be further removed by 

procedures such as cation exchange or dialysis. Pyrophosphate (e.g. Na4P2O7) is also 

efficient on HS extraction (e.g. Donisa et al., 2003), although lower HS yields are obtained 

than with strong alkaline extraction (Stevenson, 1994). Nevertheless, the utilization of mild 

reagents such as Na4P2O7 over strong alkali reagents may be advantageous since the latter 

may alter the chemical composition of HS constituents (Prentice and Webb, 2010). 

Inevitably, heavy metals present in the raw material are co-extracted with HS, 

predominantly with the fulvic acids (Borůvka and Drábek, 2004; Donisa et al., 2003; Hsu 

and Lo, 2001).  

In the present study, the quality of four Portuguese commercial composts was 

assessed based on their physicochemical, stability and maturity parameters. The feasibility 

of using these composts to obtain liquid fertilizers rich in HS-like was also assessed. The 

HS-like yield, heavy metals co-extraction, and HS-like chemical characterization were 

determined. A multivariate analysis permitted to correlate the HS-like chemical 

composition with the physicochemical, stability and maturity parameters of the respective 

composts. 
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5.2. Materials and methods 

5.2.1. Composts  

Four types of Portuguese commercial composts, two from non-separated municipal 

solid waste (MSW1, MSW2), one from source-separated municipal solid waste (MSW3) 

and one produced from poultry litter (P1) were chosen based on the characteristics of the 

raw materials and their type of collection. The operational parameters of these composts 

are described in Table 5.1. 

 

Table 5.1: Operational parameters of composting process. 

Operational 

parameter 

Commercial compost 

MSW1 MSW2 MSW3 P1 

Raw material 

 

Municipal 

solid waste + 

Green wastes 

Municipal 

solid waste  

Municipal 

solid waste + 

Green wastes 

Poultry 

manure with 

ash + carcass 

meal 

Collection Unseparated Unseparated Separated Separated 

Type of process Windrow Reactor Reactor Windrow 

Time of process 

(months)* 

6 6 6 4 

*including the maturation phase. 

  

5.2.2. Physical and chemical characterization of composts 

The pH, electrical conductivity, moisture, organic matter, total carbon, total nitrogen 

and NH4
+
-N content of compost samples were determined according to standard 

procedures, as reported by Silva et al. (2009). All the analyses were performed in triplicate. 

5.2.3. Extraction of humic-like substances  

Extraction and fractionation of humic-like substances (HS-like) were carried out 

according to the methodology described in the Spanish official method for the analysis of 

fertilizing organic products (R.D. 1110/12, July 1991), which consists of successive 

treatments of the compost with an alkaline solvent. The humic-like substances extract 

(HE) was obtained by shaking 10 g dry compost with 120 mL of 0.1 M pyrophosphate–
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KOH (pH 13) for 1 h. After centrifugation for 20 min at 4000 rpm, the supernatant and the 

precipitate (residue) were carefully separated; this operation was repeated three times and 

the dark-colored supernatants were pooled, allowed to settle overnight, and centrifuged for 

20 min at 4000 rpm. The resultant HE was fractionated by ~1.5 mL 96% H2SO4 addition 

(pH 2). After 24 h at room temperature and centrifugation for 20 min at 4000 rpm, the 

insoluble fraction, which contained humic-like acid substances (HA fraction), was 

separated from the soluble fulvic-like acid substances (FA fraction). HA was dissolved in 

distilled water. The total organic carbon content of HE, HA and FA was determined by 

dichromate oxidation and sulphuric acid method (Yeomans and Bremner, 1988). It 

involves a digestion of the sample with an acidified dichromate (K2Cr2O7/H2SO4) solution 

and the estimation of the unreacted dichromate by titration of the cooled digest with an 

acidified solution of ferrous ammonium sulphate. Results were expressed as the 

percentage of total organic carbon of the parent compost in each fraction (HEC, HAC and 

FAC). The humification indices were calculated according the following expressions 

(Roletto et al., 1985): 

 

Degree of Polymerization (DP) = HAC/FAC      

Humification Ratio (HR) = 100×HEC/TC     

Humification Index (HI) = 100×HAC/TC     

Percentage of Humic-like Acids (PHA) = 100×HAC/HEC. 

 

The HE, HA and FA fractions were further purified by dialysis (Spectra-Por 

membrane 1000 Da) until the electrical conductivity was below 1 mS cm
-1

 (Amir et al., 

2005). The HA and FA fractions were finally freeze-dried.  

5.2.4. Humic-like substances chemical characterization  

The functional groups of HA and FA fractions were identified by Fourier transform 

infrared (FT-IR) and magnetic resonance (NMR) spectroscopy. FT-IR spectra were 

recorded on a Bruker Tensor 27 spectrophotometer using KBr pellets (2 mg sample: 

200 mg KBr). Spectra were processed (smoothed and derived) according to Savitzky and 

Golay (1964) by means of a 17-points smoothing filter and a second order polynom to 

obtain second derivates. 
13

C-NMR spectra with 
1
H broadband decoupling and 

1
H-NMR 

were recorded at 100.63 MHz on a Bruker Avance III 400 Spectrometer. The solution was 
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prepared by dissolving 25 mg of HA or 10 mg of FA in 500 µl of 0.3 M NaOD/D2O, 

gently shacked overnight, centrifuged at 10000 rpm for 15 min and filtered through glass 

wool into NMR tubes. A commercial HA (Aldrich) was included as a control. Acquisition 

time was 1.3 s, relaxation delay was 5 s with a pulse of 30 degrees and the total acquisition 

time was 63 h. Free induction decays were processed by applying 50 Hz line broading and 

baseline corrections. The total area of each 
13

C-NMR spectrum was integrated and divided 

into the following regions: 0-55 ppm, 55-110 ppm, 110-165 ppm, 165-200 ppm (Jouraiphy 

et al., 2008) and 200-220 ppm (Tanaka, 2012). Integral regions for 
1
H- NMR spectra were 

selected as follows: 0.30-2.05 ppm, 2.05-3.10 ppm, 3.10-4.20 ppm and 5.60-9.00 ppm 

(Guéguen et al., 2012). 

5.2.5. Heavy metals content in composts and humic-like substances thereof 

The content in Zn, Cu, Ni, Cd, Cr and Pb was determined in the HE, HA and FA 

fractions, in the residue and in the parent compost by flame atomic absorption 

spectrophotometry (Perkin Elmer Atomic Absorption Spectrophotometer) after digestion 

of the samples with “aqua regia”, followed by filtration (EN 13650, 2001).  

5.2.6. Stability and maturity of composts and humic-like substances thereof 

The stability was assessed using the Dewar self-heating test and the respiration 

activity after 4 days (AT4). In Dewar self-heating test the ability of the compost material to 

reheat was evaluated. Vessels (1.5 L) were filled with compost samples with a 

standardized moisture content of 35% (Laga-Merkblatt M10, 1995). Temperature 

evolution was measured until heat production had ceased. According to Laga-Merkblatt 

M10 (1995), the degree of stability was attributed by taking into account the maximum 

temperature reached in each vessel: degree I –temperature > 60 °C; degree II –temperature 

between 50 and 60 °C; degree III –temperature between 40 and 50 °C; degree IV –

temperature between 30 and 40 °C; degree V –temperature < 30 °C. Respiration activity 

after 4 days (AT4) was carried out according to DIN 19737 (2001) methodology. 

Maturation was evaluated using the humification indices described above and 

phytotoxicity. The phytotoxicity was assessed through germination tests with the aqueous 

extract obtained from the parent compost and with the humic-like substances extract (HE) 

thereof using a modification of the procedure described by Tiquia et al. (1996). 
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Approximately 10 g dry compost was mixed with sterile distilled water at a 1:10 (w/V) 

ratio, and stirred for 1 h at room temperature. The slurry was then filtered under vacuum 

using a 2 µm paper filter (Schleicher&Schuell). Approximately 3 mL of compost aqueous 

extract or dialysed HE was added on a Petri dish containing 7 seeds of cress (Lepidium 

sativum L.). All HE and the commercial liquid fertilizer were diluted to obtain the same 

HS-like concentration (0.5 mg L
-1

). Each extract was assayed seven times. Controls were 

prepared with sterile distilled water. A leonardite based commercial liquid fertilizer 

(Humistar®) was also included as a control. After incubation at 27 ºC for 2 days, 

germination index (GI) was calculated based on the following formula (Zucconi et al., 

1981): 

 

GI (%) = [(average number of seed germination×average of root length of 

treatment)/(average number of seed germination×average of root length of control)] ×100    

5.2.7. Statistical analyses 

Data were subjected to one-way analysis of variance (ANOVA) and the Newman-

Keuls test was used to separate the means. These analyses were carried out using Statistica 

6.0 software.  

A Canonical Correspondence Analysis (CCA) was carried out in order to assess the 

influence of compost physicochemical, stability and maturity parameters (explanatory 

variables) on the variance of the HS-like composition (relative intensities of different 

carbon and hydrogen type of substances in 
13

C- and 
1
H-NMR spectra of the HA and FA 

fractions). CCA was performed with the software package CANOCO version 4.5. The 

significance of the relationship between HS-like chemical composition (principal matrix-

species matrix) and the compost properties (second matrix - environmental matrix) was 

tested by Monte Carlo permutations test (n=499). Explanatory variables included in CCA 

analysis were selected by manual forward selection including the Monte Carlo 

permutations test. All the compost properties for which the null hypothesis was excluded 

(p < 0.05) were included in the ordination.   
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5.3. Results 

5.3.1 Physicochemical compost characterization 

In general, the values of the determined physicochemical parameters varied widely 

among the analysed composts, even for those produced from the same type of raw 

materials (Table 5.2). Moisture content varied between 13% and 54% for MSW1, and 

MSW2, respectively. P1 and MSW2 showed the lowest and highest organic matter content, 

respectively, 33% and 65%. In opposition, MSW2 showed the lowest total N content 

(1.6%), while the highest value (2.4%) was registered for MSW3. Corresponding C/N 

values ranged from 9 to 20 for P1 and MSW2, respectively. The pH values ranged between 

8.0 and 9.0 in MSW2 and P1, respectively, while the electrical conductivity values varied 

between 4.9 mS cm
-1 

and 8.1 mS cm
-1

,
 
respectively in MSW2 and MSW3.  

Table 5.2: Physical and chemical properties of the composts. 

Parameters MSW1 MSW2 MSW3 P1 

Moisture (%) 13.1±0.5a* 53.7±1.0b 13.6±0.2a 40.0±2.7c 

Organic matter (% d.m.) 44.5±0.3a 64.5±1.1b 52.3±1.4c 33.2±2.0d 

Total carbon (% d.m.) 22.2±0.2a 32.2±0.6b 26.2±0.7c 16.6±1.0d 

Total nitrogen (% d.m.) 1.9±0.1a 1.6±0.1b 2.4±0.1c 1.9±0.1a 

NH4
+
-N (mg kg

-1
 d.m.) 1210±78a 2417±65b 1576±157c 7160±225d 

C/N ratio 11.7±1.0a 20.1±1.6b 10.9±0.5a 8.7±0.5c 

pH 8.4±0.1a 8.0±0.1b 8.4±0.1a 9.0±0.0c 

EC (mS cm
-1

) 6.5±0.1a 4.9±0.1b 8.1±0.6c 5.6±0.0d 

d.m.- dry matter; *Values in a row followed by different letters are statistically different (p<0.05); EC - 

Electrical conductivity. 

 

Among the composts, MSW1 and MSW3 showed the highest and lowest content in 

heavy metals, respectively. Among the heavy metals analysed, Zn and Cd were, 

respectively, those detected in the highest (132-861 mg kg
-1

 d.m.) and lowest (0.8-

3.0 mg kg
-1

 d.m.) concentrations (Table 5.3). 
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Table 5.3: Heavy metals content in composts, humic-like extract (HE), fulvic-like acid 

(FA) and humic-like acid (HA) fractions thereof. The upper limit values for composts of 

classes I, II and III of the Portuguese regulation proposal (Anonymous, 2008) are also 

shown. 

mg kg
-1

 d.m.* MSW1 MSW2 MSW3 P1 
Class 

I 

Class 

II 

Class 

III 

 

Zn 

Compost 861±25a** 389±4b 132±1c 178±7d 200 500 1500 

Residue 240±20a 178±13b 51±2c 67±5c NA 

 HE 655±51a 247±6b 86±8c 93±13c 

FA 473±100a 245±11b 70±16c 89±15c 

HA 37±0a 5±0b 6±0c 4±0d 

 

Cu 

Compost 749±27a 141±3b 41±4c 77±4d 100 200 600 

Residue 137±13a 103±23b 27±2c 42±5d NA 

HE 252±6a 44±2b 11±2c 32±1d 

FA 69±2a 39±1b 9±1c 22±1d 

HA 167±4a 7±0b 7±1b 14±0c 

 

Ni 

Compost 74±7a 31±3 b 18±1c 15±1c 50 100 200 

Residue 27±4a 21±5b 7±1c 12±2d NA 

 HE 27±0a 18±0b 16±2b 17±1b 

FA 31±1a 24±1b 21±1c 17±0d 

HA 6±0a 0.5±0.1b 1.2±0.1c 0.4±0.1b 

 

Cr 

Compost 85±6a 180±3b 46±4c 89±1a 100 150 400 

Residue 51±10a 92±19b 38±3c 46±8ac NA 

HE 19±3a 47±1b 32±7c 28±2c 

FA 13±1a 17±2b 13±1a 16±2ab 

HA 3±0a 3±1b 5±1c <LD 

d.m.- dry matter; LD – limit of detection (Zn: 1.3 mg kg-1, Cu: 2.0 mg kg-1, Ni: 0.3 mg kg-1, Cr: 2.3 mg kg-1, 

Cd: 0.3 mg kg-1, Pb: 3.7 mg kg-1); NA – not applicable; *Values for HE, FA and HA are reported to dry 

matter of compost used in the extraction process; **Values in a row followed by different letters are 

statistically different (p < 0.05); Class I and II – generally accepted for agriculture proposes; Class III – 

accepted for areas not devoted to crops for food and feed. 
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Table 5.3: Heavy metals content in composts, humic-like extract (HE), fulvic-like acid 

(FA) and humic-like acid (HA) fractions thereof. The upper limit values for composts of 

classes I, II and III of the Portuguese regulation proposal (Anonymous, 2008) are also 

shown (continuation). 

mg kg
-1

 d.m.* MSW1 MSW2 MSW3 P1 
Class 

I 

Class 

II 

Class 

III 

 

Cd 

Compost 3.0±0.1a** 1.3± 0.1b 1.0±0.1c 0.8±0.0d 0.7 1.5 5.0 

Residue 1.3±0.1a 0.7±0.1b <LD <LD NA 

HE 4.2±0.4a 1.2±0.4b 1.8±1b 1.2±0.4b 

FA 4.7±0.3a 1.8±0.1b 2.2±0.2b 1.7±0.4b 

HA <LD <LD 0.6±0.1b <LD 

 

Pb 

Compost 243±15a 143±3b 36±6c 21±0c 100 150 500 

Residue 104±11a 91±28b 28±3c 15±1c NA 

HE 42±6a 56±5b 24±3c 22±1c 

FA 49±4a 54±3a 24±3b 23±6b 

HA 17±1a <LD <LD <LD 

d.m.- dry matter; LD – limit of detection (Zn: 1.3 mg kg-1, Cu: 2.0 mg kg-1, Ni: 0.3 mg kg-1, Cr: 2.3 mg kg-1, 

Cd: 0.3 mg kg-1, Pb: 3.7 mg kg-1); NA – not applicable; *Values for HE, FA and HA are reported to dry 

matter of compost used in the extraction process; **Values in a row followed by different letters are 

statistically different (p < 0.05); Class I and II – generally accepted for agriculture proposes; Class III – 

accepted for areas not devoted to crops for food and feed. 

 

5.3.2. Stability and maturity of composts  

The highest and lowest stability degrees were observed, respectively, in MSW3 

(stability degree V) and MSW2 (stability degree I) (Table 5.4). On the other hand, the 

highest (25 mg O2 g
-1

 d.m.) and lowest (16 mg O2 g
-1

 d.m.) respiration activity (AT4) 

values were registered in MSW2 and MSW3, respectively (Table 5.4). P1 presented the 

highest GI value (72%), while MSW2 total inhibited seed germination (Table 5.4). 
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Table 5.4: Humic-like substances content, humification indices, stability and phytotoxicity 

properties of composts and humic-like extracts.    

Parameter 

 
MSW1 MSW2 MSW3 P1 

Commercial 

liquid 

fertilizer 

HEC (%, d.m.) 6.6±0.1a*
 

5.8±0.1b 5.2±0.1c 2.7±0.1d 7.9±0.1e** 

HAC (%, d.m.) 3.3±0.1a 1.6±0.1b 2.6±0.1c 1.2±0.1d 6.0±0.1e** 

FAC (%, d.m.) 2.5±0.1a 3.2±0.1b 1.9±0.1c 1.3±0.1d 1.9±0.1c** 

DP 1.3±0.1a 0.5±0.0b 1.4±0.1a 1.0±0.1c 3.2±0.1d 

HR (%) 29.7±0.7a 17.9±0.5b 20.0±0.3c 16.3±0.9d NA 

HI (%) 14.9±0.4a 5.0±0.4b 10.0±0.2c 7.2±0.6d NA 

PHA (%) 50±1a 28±3b 50±2a 44±2c 76±2d 

Degree of Stability III  I V  III  NA 

AT4  

(mg O2 g
-1

 d.m.) 

20.1±0.8a 24.9±0.5b 15.8±0.8c 20.1±0.2a NA 

GI 

(%) 

Compost 30±12a 0b 44±25a 72±22c NA 

HE 105±54a 140±47a 121±64a 99±28a 154±33a 

d.m.- dry matter; HEC – Carbon content in humic-like extract; HAC- Carbon content in humic-like acid; 

FAC - Carbon content in fulvic-like acid; DP – degree of polymerization; HR – humification ratio;  

HI – humification index; PHA – polymerization of humic-like acids; GI- germination index;  

AT4 - Respiration activity after 4 days; NA – not applicable; * Values in a row followed by different letters 

are statistically different (p<0.05); ** calculated on a wet matter basis.   

 

The percentage of total organic carbon in HE fractions relatively to that found in the 

parent composts ranged between 15 and 30%, for P1 and MSW1, respectively. MSW1 

registered the highest HEC and HAC content, in opposition to P1 (Table 5.4). MSW1 

showed highest values of HR (29.7) and HI (14.9), while, in general, MSW2 presented the 

lowest values of these humification indices (Table 5.4). Thus, MWS2 was not matured. 

5.3.3. Humic-like substances characterization 

The FT-IR spectra of all the composts were similar displaying bands at 2932-

2855 cm
-1

 (aliphatic C-H stretching in CH2 and CH3), 1660-1640 cm
-1

 (overlap of several 

stretching bands of C=O of amide I, carboxylates, aldehydes and quinones in conjugation 

with olefinic and aromatic compounds, C=N of heterocyclic and C=C of olefinic 

compounds), 1460-1360 cm
-1

 (overlap of several bending bands such as in aliphatic CH2, 
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CH3, phenolic OH and C=O stretching of carboxylates) and 1100-1030 cm
-1

 (C–O 

stretching of polysaccharides) (Amir et al., 2005) (Figure 5.1).  

 

Figure 5.1: FT-IR spectra of the analysed composts. 

 

The FT-IR spectra of HA and FA fractions (Figures 5.2 and 5.3) were similar to 

those of the composts. Nevertheless, the bands at 1740-1700 cm
-1

 (C=O stretch of 

aldehydes, ketones, carboxylic acids and esters) and 1550-1510 cm
-1

 (C=C skeletal 

stretching of aromatic compounds) (Smidt and Meissl, 2007) were more intense in the HS-

like fractions than in the parent composts. 
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Figure 5.2: FT-IR spectra of the humic-like acids extracted from composts (HA fraction). 

 

 

The main difference between the FA and HA spectra was observed in the region 

assigned to C-O of polysaccharides or polysaccharide-like substances, which was more 

intense in FA than in HA fractions. For MSW2 and P1, the intensity of the aliphatic region 

was higher in HA than in FA fractions.  
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Figure 5.3: FT-IR spectra of the fulvic-like acids extracted from composts (FA fraction). 

 

 

The quantitative analysis of the 
13

C-NMR (Table 5.5, Figures 5.4 and 5.5) of HA and 

FA fractions revealed that, in general, the HA spectra exhibited higher intensities in the 

resonances assigned to alkylic carbon (0-55 ppm, 22-53%), carboxylic carbon (165-

200 ppm, 16-34%) and aromatic and olefinic carbon (110-165 ppm, 12-20%) than in the 

FA spectra. In opposition, the intensity of the resonances assigned to O- or N-substituted 

alkylic carbon was higher in FA (55-110 ppm, 33-48%) than in HA spectra.  

The intensity of the resonances in the upfield aliphatic region of the 
1
H-NMR spectra 

were higher in the HA (0.30-2.05 ppm, 39-67%) than in FA spectra. In opposition, the 

intensity of the resonances in the carbohydrates region was higher in FA (3.10-4.20 ppm, 

44-62%) than in the HA spectra (Table 5.6, Figures 5.6 and 5.7). 
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Figure 5.4: 
13

C-NMR spectra of humic-like acids extracted from composts (HA fraction). 

 

 

Figure 5.5: 
13

C-NMR spectra of fulvic-like acids extracted from composts (FA fraction). 
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Figure 5.6: 
1
H-NMR spectra of humic-like acids extracted from composts (HA fraction).  

 

 

Figure 5.7: 
1
H-NMR spectra of fulvic-like acids extracted from composts (FA fraction).  
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5.3.4. Correlation between the HS-like chemical composition and the compost 

parameters 

In the CCA biplot, the total variance in the HS-like chemical composition explained 

by axis 1 and 2 was 91.8% (69.2% and 22.4%, respectively) (Figure 5.8). The species-

environmental correlations were high, with values of 0.999 for axis 1 and 2 (p=0.001). The 

chemical composition variation of the HS-like fractions (HA and FA) was explained 

mostly by the Cr content and GI of composts, which presented high intraset correlations 

with axis 1 (0.9604 and -0.7137, respectively), and compost Cu content, which presented 

higher intraset correlation with axis 2 (0.9558). Among the analysed HS-like, MSW2 

showed the most distinct chemical composition. The highest relative intensities of 

downfield aliphatic protons (2.05-3.10 ppm) and the lowest concentrations of aromatic 

carbon (110-165 ppm), and protons (5.60-9.00 ppm), respectively in the FA and HA 

fractions of MSW2 permitted its separation from the other HS-like fractions along axis 1. 

On the other hand, the highest relative intensity of aromatic protons (5.60-9.00 ppm) in the 

FA fraction of MSW1, permitted its separation from MSW3 and P1. 
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Figure 5.8: Canonical correspondence analysis biplot of HS-like chemical composition 

(HA and FA fractions) and physicochemical, maturity and stability properties of respective 

composts (represented by arrows). 
1H-FA – 1H-NMR of FA fraction; 1H-HA – 1H-NMR of HA fraction; 13C-FA – 13C-NMR of FA fraction;  
13C-HA – 13C-NMR of HA fraction; Cr- chromium content; Cu- cupper content; GI cress- cress seeds 

germination index. 

 

5.3.5. Heavy metals content of humic-like substances and phytotoxicity 

A positive correlation between heavy metal content of composts and percentage of 

recovery (i.e., percentage of heavy metal content in residue plus in HE fraction to that of 

parent compost) was observed (Table 5.3). Therefore, in general, the recovery of the heavy 

metals varied between 70 and 110%. Nevertheless, for some heavy metals present at low 

concentrations in the parent compost, such as Cd, the recovery values reached 180%. Such 

high recovery yields were probably due to analytical errors (Borůvka and Drábek, 2004). 

The percentage of Cr, Cu and Pb in the HE fractions was, in average, 36-43% of the total 

extracted (i.e., that recovered in residue plus in HE fraction) while for Ni, Zn and mainly 

Cd values of 56, 63 and 84% were, respectively, found. Except for Cu, only a small 
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percentage (in average, < detection limit -15%) of the heavy metals present in HE were 

detected in the HA fractions (Table 5.3).  

The germination indices of all the HE extracts were above 99% (Table 5.4).  

 

5.4. Discussion  

Composting is an attractive process to transform the organic matter of solid wastes 

into stabilized humic-like substances. The humification process occurring during 

composting, revealed by the formation of compounds with increasing molecular weight, 

concentration of oxygen and nitrogen containing functional groups and aromatic 

characteristic, is thought to be similar to that occurring in soils (Senesi, 1989). Given the 

resultant stabilized HS-like are described as improving the soil fertility (Senesi et al., 

1996), and the plant growth (Tahir et al., 2011), the application of compost in soils is 

expected to contribute to a sustainable agriculture management. Therefore, to be effective, 

only mature and stable composts, i.e., those where the non-stabilized organic matter was 

transformed into humic-like substances, should be applied in soils. To assess if the 

commercial composts analysed in this study fulfilled this condition, the humification 

indices (DP, HR, HI, and PHA) were determined. All the composts showed HR and HI 

indices higher than 7.0 and 3.5, respectively, the lower limit values established by Roletto 

et al. (1985) to indicate occurrence of humification. Nevertheless, the low DP value (< 1, 

Roletto et al., 1985) registered for compost MSW2 was indicative that it was not mature. 

Accordingly, the high phytotoxicity and respiration activity and the low stability degree of 

compost MSW2 confirmed that it was not mature or stable. Consequently, it should not be 

used as soil amendment. 

Despite being stable and mature, the physicochemical properties of composts may 

also hamper their application in soils. The acceptable values for each parameter may 

depend on the intended applications of the product, namely its use as landfill cover or in 

agriculture (Anonymous, 2008; DG ENV.A.2, 2001; EC, 2006). Although varying among 

the composts, only a few of the measured physicochemical properties met the requirements 

recommended for agriculture applications. Indeed, all the composts analysed satisfied the 

minimum requirement of 25% dry matter of the eco-label standard for soil improvements 

(EC, 2006), and the organic matter was above the recommended value of 20% (EC, 2006). 
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Although the C/N values registered for all the composts were in agreement with those 

reported for similar composts (Guerra-Rodríguez et al., 2001), the total N content were 

below the recommended value of 3% (EC, 2006). The concentration of the heavy metals 

analysed was higher in the MSW composts than in P1, which is in accordance with 

previous comparative studies of composts of different origins (Lasaridi et al., 2006). 

Nevertheless, the heavy metals content of the analysed composts was high. MSW1 

exceeded the Cu upper limit content, according to the Portuguese regulation proposal for 

class III composts (600 mg kg
-1

 d.m.). MSW2 was classified as class III compost because 

the Cr content was higher than 150 mg kg
-1

 d.m., while MSW3 and P1 were included in 

class II, given their Cd content exceeded 0.7 mg kg
-1

 d.m.. Additionally, the upper 

recommended limits of moisture (40%) and pH (8.5) (Anonymous, 2008) were exceeded, 

respectively in composts MSW2 and P1. Moreover, all composts presented electrical 

conductivity values higher than 1.5 mS cm
-1 

and
 
4 mS cm

-1
, which are, respectively, 

considered the upper limit values for growing media (EC, 2006), and tolerable by plants of 

medium sensitivity (Lasaridi et al., 2006). The electrical conductivity of composts reflects 

their salt content, which may be important at various levels, namely the inhibition of 

microbiota, the leaching of salts with the consequent environmental contamination, and the 

inhibition of crops germination if compost is to be used in agriculture (Komilis and 

Tziouvaras, 2009). Therefore, the high electrical conductivity values of MSW composts 

may have contributed to their phytotoxicity, indicated by germination indices below 60% 

(Pera et al., 1991).  

The integrated analysis of the analysed composts permitted to conclude that they 

should not be used as organic amendments. Within a sustainable perspective, the feasibility 

of using them as source of humic-like substances was assessed. To achieve this goal, the 

recovery of HS-like was estimated and the chemical characterization of the HS-like was 

performed and correlated with the data collected for the respective composts. 

The HS-like extraction procedure used permitted to recover between 16 and 30% of 

the compost organic carbon. Although the same functional groups were detected in the 

composts and in the HS-like fractions (HA and FA) thereof, the bands of FT-IR spectra of 

the HS-like fractions were sharper and more intense than in those of the parent composts, 

indicating the selective extraction of compost components. As expected, FT-IR, 
1
H- and 

13
C-NMR spectra of HS-like fractions presented intense bands in regions characteristic of 

aliphatic and carboxylic carbon containing compounds such as aldehydes, ketones, 

carboxylic acids, and esters. Indeed, such chemical groups are described as increasing 
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during composting (Amir et al., 2005) due to oxidative degradation of organic matter 

(Tang et al., 2006), as well as breakdown of long fatty acid chains, polysaccharides, 

ramified aliphatic structures or recalcitrant aliphatic biopolymers (Chen, 2003). Among the 

analysed HS-like fractions the highest relative intensity of carboxylic carbons was detected 

in MSW1, for which the highest humification indices were detected. In opposition, MSW2, 

for which the lowest humification indices were found, showed the highest relative intensity 

values for alkylic carbons, followed by those attributed to O- or N-substituted alkyl 

carbons. These results suggest the accumulation of low molecular weight compounds as 

those resulting from the degradation of polysaccharides and proteins in MSW2, which is 

consistent with the non-maturation of this compost. 

The efficacy of the extraction procedure in the recovery of humic-like substances 

was assessed by the comparison of the chemical composition of the HA and FA fractions. 

As expected, 
13

C-NMR spectra of the HA fractions exhibited higher intensities in the 

resonances assigned to alkylic-, carboxylic-, aromatic- and olefinic carbons, consistent 

with a higher degree of humification. In opposition, the high intensities in the NMR 

resonances assigned to O- or N-substituted alkylic carbon and carbohydrates protons of FA 

fractions, consistent with the intense bands detected at 1100-1030 cm
-1 

of their FT-IR 

spectra, are indicative of presence of high percentages of low molecular weight 

compounds, such as mono- or oligosaccharides and amino acids, in the fulvic-like acid 

extracts. 

In order to assess which were the compost parameters that correlated most with the 

HS-like chemical composition, a multivariate analysis was performed. As expected, the 

CCA analysis permitted to distinguish the HS-like fraction derived from the non-matured 

MSW2 compost from all the other HS-like fractions. The high Cr content of compost 

MSW2 and the total inhibition of cress seeds germination explained these results. On the 

other hand, despite having different physicochemical, stability and maturity properties, the 

chemical composition of the HS-like fractions of composts MSW1, MSW3 and P1 were 

similar. Nevertheless, the high Cu content and the lower germination index of compost 

MSW1 permitted to distinguish the chemical composition of its HS-like fraction from 

those of MSW3 and P1.  

Given pH influences metals solubility and HS are prone to chelate heavy metals, due 

to their binding to carboxylic, phenolic and other less abundant functional groups such as 

N- and S-containing groups (Kinniburgh et al., 1999), it was considered relevant to assess 

if the HS-like extraction procedure was capable of co-extraction avoidance. 
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The distribution pattern observed for the analysed heavy metals seems to be related 

with their solubility. In general, metals tend to precipitate at high pH values, which 

explains their co-precipitation with the residue. This phenomena was more evident for Cr 

and Pb, for which less than 44% of the metal content was co-extracted with the HE 

fractions. Comparatively, Ni and Cd have higher solubility, which may have favored their 

co-extraction with the HE fractions. On the other hand, the high values of Zn detected in 

all composts may explain the high percentage of this metal in the HE fractions. The humic-

like acids were separated from the fulvic-like acids by precipitation at low pH (2). 

Therefore, and given the higher solubility of metals at acidic than in alkali conditions, most 

of the metals co-extracted with HE remained in the FA fractions, as reported before 

(Borůvka and Drábek, 2004; Chang Chien et al., 2006; Hsu and Lo, 2001). In the FA 

fraction, given at low pH the carboxylic and phenolic groups of fulvic-like acids will be in 

the protonated form, some metals may have formed complexes with N- and S-containing 

groups, as described by Kinniburgh et al. (1999). As reported before, Cu was the only 

heavy metal more retained in the HA than in the FA fractions (Hsu and Lo, 2001; 

Kinniburgh et al., 1999). Cu produces stable complexes with organic matter, mainly with 

humic-acids. These complexes have a very slow rate of dissolution, presumably because 

Cu ions diffuse into humic acids particles, where they bind to sites from which they may 

not be readily released (Donisa et al., 2003).  

Taken together, the results obtained in this study suggest that composts of low 

quality may be used to obtain HS-like extracts that can be used as liquid organic 

amendment, given their low heavy metals content and high germination index. Such 

strategy avoids the utilization of HS of natural origin, such as leonardite or peat. From an 

economical and environmental point of view, this extraction methodology would be similar 

to the industrial process used nowadays to obtain HS-like from natural sources. 

Nevertheless, a previous characterization of the composts in terms of maturity, stability 

and heavy metals content may shed some light on the chemical composition of the 

resultant HS-like fractions.  
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5.5. Conclusions  

The physicochemical, stability and maturity properties of the commercial composts 

analysed varied widely. The heavy metal content, electrical conductivity and phytotoxicity 

hamper their safe application as soil conditioners. However, the chemical characterization 

of their HS-like showed that the extraction successfully produced non-phytotoxic fractions 

enriched in humic- and fulvic-like acids almost free of heavy metals. Nevertheless, 

compost parameters such as high phytotoxicity and heavy metal content influenced the 

chemical composition of the HS-like.  

In summary, our results suggest that HS-like from composts with low quality, 

particularly the HA fraction, may be used as liquid organic fertilizer, substituting those 

produced from natural resources.  
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6. INFLUENCE OF HEAVY METALS FRACTION ON THE CHEMICAL 

COMPOSITION OF HUMIC-LIKE SUBSTANCES AND MATURITY 

PARAMETERS OF COMPOSTS 

 

ABSTRACT 

In the present study the fractionation of the heavy metals in four commercial 

composts was assessed. The mobility of the heavy metals that most influenced the 

chemical composition of humic-like substances (HS-like) and the physicochemical, 

maturity and stability properties of the composts were identified. The fractionation of 

heavy metals was performed following the modified sequential BCR (Community Bureau 

of Reference) extraction, which permitted to quantify the elemental concentration in the 

exchangeable/bioavailable, reducible, oxidisable and residual fractions. Cu, Ni, Cr and Pb 

were most abundant in the immobile phases, while Zn showed no dominant chemical 

phase. The HS-like chemical composition was influenced negatively by the residual 

fraction of Cu, Pb, and mainly Cr. The type or mobility of the heavy metals does not show 

to have any influence on the maturity of the composts. However, mobile forms of Zn and 

Pb were correlated with high moisture content and low stability, respectively. 

 

Keywords:  Bioavailability; Compost; Heavy metals; Humic-like substances 

 

6.1. Introduction 

Composting is one of the methods mostly used for organic solid wastes recycling, 

yielding the compost. Compost is a mixture of inorganic and organic matter and the later 

can be divided into two classes, non-humic and humic substances (HS) (Grimes et al., 

1999). Both types of these substances may interact with different pollutants, such as heavy 

metals, which may cause noxious effects in the environment when composts are used for 

land application as soil amendments. The utilization of composts as a source of humic-like 
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substances (HS-like), the compost components pointed out as contributing most to soil 

fertility (Janos, 2003; Senesi and Loffredo, 1999; Smidt et al., 2008). Indeed, the feasibility 

of using low quality commercial composts, i.e., not following the recommended values for 

composts to be used as soil amendments, as a source of HS-like was reported before (Silva 

et al., 2013). However, it was observed that the chemical composition of the extracted HS-

like correlated with the heavy metals content of the parent composts (Silva et al., 2013).  

Chemical sequential extraction techniques have been used to remove heavy metals 

bound into different operationally defined phases of composts (He et al., 1992). This 

process enables the assessment of their bioavailability and, thus, suitability for land 

application (Amir et al., 2005; Cai et al., 2007).  The heavy metals distribution in composts 

is influenced by their release during organic matter (OM) mineralization occurring during 

the composting process, metal solubilization by the decrease of pH, metal biosorption by 

the microbial biomass or metal complexation with the newly formed humic substances 

(Haroun et al., 2009; Hsu and Lo, 2001; Liu et al., 2007; Zorpas et al., 2003). The mobility 

of heavy metals depends also on the total metal content in the raw material (Amir et al., 

2005; Liu et al., 2007), and on the sulfur content, since the heavy metals may form sulfides 

(Fuentes et al., 2004). Heavy metals are known to be toxic to most organisms when present 

in excessive concentrations (Giller et al., 1998). This may cause a negative influence on 

the maturation/stabilization of OM, decreasing the humification degree and the stability 

parameters of the compost. Therefore, it is important to study the influence of the heavy 

metals on the humification process. In the present study the heavy metals fractionation in 

four commercial composts previously characterized (Silva et al., 2013) was assessed. The 

mobility of the heavy metals that influenced most the chemical composition of HS-like 

substances and the physicochemical, maturity and stability properties of the composts were 

identified.  

 

6.2. Materials and methods 

6.2.1. Composts  

Four commercial composts, two from non-separated municipal solid waste (MSW1, 

MSW2), one from source-separated municipal solid waste (MSW3) and one produced 
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from poultry litter (P1), previously characterized in terms of physicochemical, maturity, 

and stability properties, as well as humic-like substances (HS-like) were used to carry out 

this study.   

6.2.2. Total content and fractionation of heavy metals in composts 

Heavy metals content (Zn, Cu, Ni, Cd, Cr and Pb) were analysed by flame atomic 

absorption spectrophotometry (Perkin Elmer Atomic Absorption Spectrophotometer) after 

sample digestion with “aqua regia”, followed by filtration (EN 13650, 2001).  

Metal fractionation was performed using the modified BCR (Community Bureau of 

Reference) sequential extraction procedure, which has been applied to a variety of 

matrices, including composts from sludge sewage (Rauret et al., 2000; Fuentes et al., 2004; 

Jamali et al., 2009) and municipal solid waste (Farrell and Jones, 2009), as follows: 

Step one: a compost sample [1 g dry matter (d.m.)] was suspended in 40 mL of 

0.1 M acetic acid and shaken for 16 h at room temperature. The aqueous phase, 

corresponding to the acid soluble/exchangeable fraction, was separated by centrifugation at 

3000 rpm for 20 min. The residue (solid phase) was washed with 20 mL of distilled water, 

shaken for 15 min, centrifuged, and preserved for the subsequent extractions.  

Step two: the residue from step one was slurried with 40 mL of 0.5 M 

hydroxylammonium chloride for 16 h. The recovery of the aqueous phase, corresponding 

to the reducible fraction (fraction associated with Fe and Mn oxides), was made in a 

similar way as described for the first step. 

Step three: 10 mL of hydrogen peroxide (8.8 M) was added to the residue from step 

two and digested at room temperature for 1 h with occasional shaking. A further aliquot 

(10 mL) of hydrogen peroxide was added and digested at 85±2 ºC in a water bath. About 

50 mL of 1 M ammonium acetate (adjusted to pH 2 with nitric acid) was added to the cool 

residue, and then shaken. The aqueous phase, corresponding to the oxidisable fraction 

(fraction bound to organic matter) was separated through centrifugation. The solid phase 

from this step was the residual fraction.  

The data obtained from the quantification of the heavy metals in each fraction 

(exchangeable, reducible, oxidisable and residual) constituted the heavy metals profile of 

each compost.  
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6.2.3. Statistical analyses 

Data were subjected to one-way analysis of variance (ANOVA) and the Newman-

Keuls test was used to separate the means. All statistics analyses were carried out using 

Statistica 6.0 software. 

Canonical Correspondence Analyses (CCA) were carried out in order to assess the 

influence of heavy metals profiles of the analysed composts on their HS-like chemical 

composition, and physicochemical, maturity and stability properties (previous described by 

Silva et al., 2013). These analyses were performed with the software package CANOCO 

version 4.5. The significance of the relationships between the HS-like chemical 

composition (principal matrix – species matrix) and the heavy metals profiles (second 

matrix – environmental matrix); and the compost physicochemical, maturity and stability 

properties (principal matrix - species matrix) and the heavy metals profiles (second matrix 

- environmental matrix) was tested by Monte Carlo permutations test (n=499). Explanatory 

variables included in CCA analysis were selected by manual forward selection including 

the Monte Carlo permutations test.  

6.3. Results and discussion 

Metals in the exchangeable and reducible fractions of composts or soil are relatively 

labile and potentially bioavailable, and consequently potentially toxic to the native 

microbiota or plants.  On the other hand, metals in the oxidisable fractions (organically 

bound) and residual fractions are relatively immobile and may not be readily bioavailable 

(Fuentes et al., 2004; Hsu and Lo, 2001), and thus, are less toxic. 

In a previous work it was found that the four studied commercial composts had low 

quality to be applied as organic amendment, mainly due to their high electrical 

conductivity, low maturity and high heavy metals content (Silva et al., 2013). However, 

they could be used to extract HS-like. Indeed, the humification indices of these composts 

confirmed that HS-like were formed, and that their composition was, within certain limits, 

independent of the physicochemical properties of the composts. Moreover, the procedure 

used to extract the HS-like avoided a massive heavy metals co-extraction (Silva et al., 

2013). However, the previous study indicated that the presence of high contents of Cu and 

mainly Cr in composts influenced the chemical composition of their HS-like, but it was not 
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known in which forms these heavy metals were. Therefore, in this study, the potential of 

mobility of the heavy metals that influenced the HS-like chemical composition of these 

four commercial composts was assessed.  

6.3.1. Distribution of heavy metals fractions in composts  

Zinc, the heavy metal with the highest total concentration (132-861 mg kg
-1

 d.m.) 

(Table 6.1) among the analysed composts, was majorly distributed in the exchangeable (9-

23%) and reducible (36-50%) forms for all composts (Figure 6.1), a result also reported 

before (Cai et al., 2007; Fuentes et al., 2004).  

In opposition, more than 95% of the total Cu was associated with the oxidisable and 

residual forms, in all the composts, suggesting that it was associated with strong organic 

ligands (Cai et al., 2007), and probably occluded in minerals like quartz, and/or feldspars. 

The distribution of Pb, Cr and Ni among the fractions was related with their concentration 

in the composts. Cd concentration did not exceed 3 mg kg
-1

 d.m., and was not detectable 

by the sequential extraction process.  In composts MSW3 and P1, where the concentration 

of these heavy metals was lower than in composts MSW1 and MSW2, all the extractable 

Ni, Cr and Pb were found in the residual fraction (100%). In composts MSW1 and MSW2, 

these heavy metals were mainly associated with the residual (40-73%) and oxidisable (15-

60%) fractions. Among the analysed composts, only MSW2 contained Cr in its reducible 

fraction (8%) (Figure 6.1). 
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Table 6.1: Fractionation of heavy metals of composts. 

Metal 

(mg kg
-1

 d.m.) 
Fraction MSW1 MSW2 MSW3 P1 

 Total* 861±25a** 389±4b 132±1c 178±7d 

Zn 

Exchangeable 49.0±5.6a 52.3±5.2a 9.9±0.3b 26.1±0.8c 

Reducible 185±11a 164±13b 42.4±0.9c 47.4±2.6c 

Oxidisable 82.8±1.8a 71.7±18.1a 40.3±4.0b 14.9±0.3c 

Residual 142±18a 40.8±1.3b 20.3±1.2b 23.7±3.5b 

 Total* 749±27a 141±3b 41±4c 77±4d 

Cu 

Exchangeable <LD <LD <LD <LD 

Reducible 12.0±1.3 <LD <LD <LD 

Oxidisable 159±17a 84.4±2.7b 30.9±1.4c 22.9±1.1c 

Residual 103±4a 25.3±3.8b 8.3±0.9c 9.9±0.4c 

 Total* 74±7a 31±3b 18±1c 15±1c 

Ni 

Exchangeable <LD <LD <LD <LD 

Reducible <LD <LD <LD <LD 

Oxidisable 11.3±1.6a 8.0±0.5b <LD <LD 

Residual 16.3±0.8a 5.4±0.4b 2.6±0.3c 2.8±0.4c 

 Total* 85±6a 180±3b 46±4c 89±1a 

Cr 

Exchangeable <LD <LD <LD <LD 

Reducible <LD 11.6±1.8 <LD <LD 

Oxidisable 21.8±2.9a 62.5±3.3b <LD <LD 

Residual 36.8±3.9a 76.8±1.7b 40.3±1.7a 40.6±2.6a 

 Total* 3.0±0.1a 1.3± 0.1b 1.0±0.1c 0.8±0.0d 

Cd 

Exchangeable <LD <LD <LD <LD 

Reducible <LD <LD <LD <LD 

Oxidisable <LD <LD <LD <LD 

Residual <LD <LD <LD <LD 

 Total* 243±15a 143±3b 36±6c 21±0c 

Pb 

Exchangeable <LD <LD <LD <LD 

Reducible 29.6±1.4a 28.3±0.1b <LD <LD 

Oxidisable 34.2±1.7a 32.2±2.0a <LD <LD 

Residual 168±8a 49.0±2.7b 25.3±0.1c 12.3±0.6d 

*data from Silva et al. (2013);** values in a row followed by different letters are statistically different 

(p<0.05); d.m.- dry matter; LD - limit of detection (limits of detection: Zn, 1.3 mg kg-1; Cu, 2.0 mg kg-1; Ni, 

0.3 mg kg-1; Cr, 2.3 mg kg-1; Cd, 0.3 mg kg-1; Pb, 3.7 mg kg-1). 
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Figure 6.1: Fractionation of heavy metals in composts. 
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6.3.2. Assessment of the influence of the heavy metals fractions on the HS-like 

chemical composition  

The correlation between the heavy metal content in each fraction on the distribution 

of the composts based on their HS-like profiles was assessed. The CCA analysis could 

explain 90.1% of the total variation among the HS-like profiles of the composts. As 

described before, the HS-like profile of compost MSW2 was the most distinct, being 

separated from all the others over axis 1. The highest content of residual Cr in this compost 

(Table 6.1) contributed to distinguish its HS-like profile (p<0.05; species-environment 

correlations with axis 1 of 0.98) (Figure 6.2). 

 The influence of Cu content on the separation of MSW1 from MSW3 and P1 over 

axis 2 (Silva et al., 2013) was confirmed in the present study (Figure 6.2). Beside Cu, also 

Pb contributed to this differentiation (Figure 6.2), but only those present in the residual 

fraction (p<0.05; species-environment correlations with axis 2 of 0.97, both). Indeed, the 

residual Cu and Pb contents (103 and 168 mg kg
-1

 d.m., respectively) were highest in 

compost MSW1. 

These results suggest that even at an immobile form, Cr may have had a negative 

impact on the microbiota and/or the chemical processes involved on the condensation of 

the organic matter, contributing to a HS-like profile with a higher content of alkylic 

compounds and polysaccharides in MSW2 than in other analysed composts (Silva et al., 

2013). On the other hand, the influence of relatively immobile Cu and Pb, and Cr on the 

HS-like composition of, respectively, composts MSW1 and MSW2 may have also been 

due to co-extraction. Indeed, a higher concentration of these heavy metals, particularly of 

Cu, in the humic- and fulvic-like acid fractions of these composts than in MSW3 and P1 

was previously observed (Silva et al., 2013).  
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Figure 6.2: Canonical correspondence analysis biplot of HS-like chemical composition 

[Humic-like acid (HA) and Fulvic-like acid (FA) fractions] (67.6% could be explained by 

axis 1 and 22.5% by axis 2) in function of the heavy metals profiles of the respective 

composts (Cr residual, p=0.002; Cu residual, p=0.002 and Pb residual, p=0.008). The 

species-environmental correlations for axis 1 and 2 were, respectively, 0.987 and 0.999. 

Only the variables significantly (p<0.05) explaining the observed HS-like chemical 

composition variation are shown. 
1H-FA (0.30-2.05) –1H-NMR assignment to terminal CH3 and CH2, CH of methylene chains of FA fraction; 
1H-FA (2.05-3.10) –1H-NMR assignment to CH3 and CH2, CH proton α to aromatic or carboxyl groups of FA 

fraction; 1H-FA (3.10-4.20) –1H-NMR assignment to protons on carbon α to oxygen, carbohydrates of FA 

fraction; 1H-FA (5.60-9.00) –1H-NMR assignment to aromatic protons of FA fraction; 1H-HA (0.30-2.05) –
1H-NMR assignment to terminal CH3 and CH2, CH of methylene chains of HA fraction; 1H-HA (2.05-3.10) –
1H-NMR assignment to CH3 and CH2, CH proton α to aromatic or carboxyl groups of HA fraction; 1H-HA 

(3.10-4.20) –1H-NMR assignment to protons on carbon α to oxygen, carbohydrates of HA fraction; 1H-HA 

(5.60-9.00) –1H-NMR assignment to aromatic protons of HA fraction; 13C-FA (0-55) – 13C-NMR assignment 

to alkylic C of FA fraction; 13C-FA (55-110) – 13C-NMR assignment to O- or N-substituted alkylic  C of FA 

fraction; 13C-FA (110-165) – 13C-NMR assignment to aromatic and olefinic C of FA fraction; 13C-FA (165-

200) – 13C-NMR assignment to derivate of carboxylic C of FA fraction; 13C-FA (200-220) – 13C-NMR 

assignment to carbonyl C of FA; 13C-HA (0-55) – 13C-NMR assignment to alkylic C of HA fraction; 13C-HA 

(55-110) – 13C-NMR assignment to O- or N-substituted alkylic  C of HA fraction; 13C-HA (110-165) – 13C-

NMR assignment to aromatic and olefinic C of HA fraction; 13C-HA (165-200) – 13C-NMR assignment to 

derivate of carboxylic C of HA fraction; 13C-HA (200-220) – 13C-NMR assignment to carbonyl C of HA 

fraction.  
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6.3.3. Assessment of the influence of the heavy metals fractions on the 

physicochemical, maturity and stability properties of composts 

The influence of the different forms of the heavy metals on the physicochemical 

properties, maturity and stability of the composts was assessed (Figure 6.3). The CCA 

analysis could explain 83.5% of the total variation among the properties of the composts. 

The lowest HS-like content (HAC, FAC), humification indices (DP, HR, HI, PAH) as well 

as the highest pH and the NH4
+
-N content of compost P1 (Silva et al., 2013) permitted its 

separation from the other composts, mainly MSW1, over axis 1. Oxidisable Zn (p<0.05; 

species-environment correlation with axis 1 of 0.81), which was present in a higher content 

in composts MSW than in P1 (Table 6.1), contributed most to this differentiation. 

 

Figure 6.3: Canonical correspondence analysis biplot of physicochemical, maturity and 

stability properties (56.9% could be explained by axis 1 and 26.6% by axis 2) in function 

of the heavy metals profiles of the respective composts (Zn oxidisable, p=0.002; Cr 

oxidisable, p=0.002). The species-environmental correlations for axis 1 and 2 were, 

respectively, 0.901 and 0.993.  
EC - Electrical Conductivity; OM – organic matter; GI – germination index; SH – self-heating; AT4 – 

respiration activity after 4 days; HEC – carbon content of humic-like substances extract; HAC – carbon 

content of humic-like acids; FAC – carbon content of fulvic-like acids; DP – degree of polymerization 

(HAC/FAC); HI – humification index (HAC/TC); HR – humification ratio (HEC/TC); PAH – percentage of 

humic acid (HAC/HEC). 
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The highest moisture content and lowest germination index of MSW2 were the main 

properties responsible for its separation from the other composts, over axis 2 (Figure 6.3). 

The highest oxidisable Cr content in MSW2 contributed to its differentiation (p<0.05; 

species-environment correlation with axis 2 of 0.92). These results suggest that none of the 

forms of the heavy metals influenced negatively the degree of humification of the 

composts, since the highest degree of humification was found in composts with highest 

heavy metals content (MSW).  

However, when only the mobile heavy metals were included in the analysis, although 

the distribution of the composts in the CCA biplot was maintained (Figure 6.4), different 

parameters were the main responsible for their distribution. In this analysis, which 

explained 77.8% of the total variation among the properties of the composts, besides pH 

and the NH4
+
-N content, the humification ratio (HR) and the respiration activity after 4 

days (AT4) were the parameters that contributed most to distinguish P1 from composts 

MSW over axis 1. Although the moisture and the germination index (GI) were, again, the 

parameters that contributed most to differentiate MSW2 from the others. The higher 

content of exchangeable Zn and reducible Pb (p<0.05; species-environment correlations 

with axes 1 and 2 of 0.23 and 0.65, and 0.60 and 0.59, respectively) in MSW2 and MSW1 

than in the other composts, and mainly the presence of Cu (p<0.05; species-environment 

correlation with axis 1 of 0.64) in the reducible fraction of MSW1 explained the variation 

found. High loads of reducible Pb and Cu were correlated with low stability (high AT4 

values) and high HR (HEC/TC) indices (high HEC content, but low HAC and high FAC 

contents). These results suggest that the presence of the mobile forms these heavy metals 

affected negatively the activity microbiota involved on the transformation of the 

biodegradable organic carbon into stabilized humic-like acid substances. On the other 

hand, the simultaneous high moisture and Zn and Pb contents may increase the mobility of 

these heavy metals in composts and contribute to their low stability and high phytotoxicity.  

 



6. INFLUENCE OF HEAVY METALS FRACTION ON THE CHEMICAL COMPOSITION OF HUMIC-LIKE 

SUBSTANCES AND MATURITY PARAMETERS OF COMPOSTS 

82 

 

Figure 6.4: Canonical correspondence analysis of physicochemical, maturity and stability 

properties (50.2% could be explained by axis 1 and 27.6% by axis 2) in function the heavy 

metals mobile fraction of respective composts (Zn exchangeable, p=0.022; Cu reducible, 

p=0.026; Pb reducible, p=0.046). The species-environmental correlations for axis 1 and 2 

were, respectively, 0.854 and 0.992.  
EC - Electrical Conductivity; OM – organic matter; GI – germination index; SH – self-heating; AT4 – 

respiration activity after 4 days; HEC – carbon content of humic-like substances extract; HAC – carbon 

content of humic-like acid; FAC – carbon content of fulvic-like acid; DP – degree of polymerization 

(HAC/FAC); HI – humification index (HAC/TC); HR – humification ratio (HEC/TC); PAH – percentage of 

humic-like acids (HAC/HEC). 

 

Taken together, the results reported by Silva et al. (2013) and obtained in the present 

study suggest that heavy metals present in composts will not influence their maturation. 

However, mobile forms of Cu and Pb may influence their stability, also detected by a high 

content of humic-like extractable substances with a low degree of stabilization, i.e. fulvic-

like acids. The presence of high water content in composts may enhance the negative 

effects of the mobile forms of Zn and Pb, which may contribute to their low stability and 

increased phytotoxicity. 

The presence of high contents of residual Cr, Cu and Pb in composts may lead to 

their co-extraction with HS-like. The chemical composition of these HS-like will be 

distinguishable from those obtained from composts with lower heavy metals content. 

Therefore, the characterization of composts in terms of heavy metals content is advisable if 

composts will be further used as source to extract HS-like as liquid fertilizers. 
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 6.4. Conclusions 

The results obtained after applying the sequential extraction scheme indicate that Cu, 

Ni, Cr and Pb were most abundant in the immobile phases, while Zn showed no dominant 

chemical phase. The HS-like chemical composition was influenced negatively by the 

residual fraction of Cu, Pb and, mainly, Cr. It seems that the type of heavy metals or their 

mobility do not influence the maturity of compost. Pb and Cu mobile phase may have a 

negative influence on the microbial activity, involved on the formation of stabilized humic-

like substances. Mobile forms of Zn and Pb associated with high moisture content may 

contribute to the increase of compost phytotoxicity. 
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7. GENERAL DISCUSSION 

To achieve a sustainable development it is necessary to find solutions to avoid the 

loss of natural resources and to improve the management of solid wastes. Presently, the 

sources of humic substances are some natural resources. On the other hand, the production 

of organic wastes is increasing all over the World. One of the ways to manage organic 

wastes is through their transformation into HS-like during composting. Therefore, this 

process may be used to obtain humic-like substances, avoiding the exhaustion of natural 

sources and favoring the recycling of organic wastes.  

For an adequate estimation of HS-like evolution, an improvement of methodological 

approaches to their studying is necessary. Unfortunately, many traditional methodical 

approaches which have been developed connected with the extraction methods may 

promote chemical changes in the HS. Therefore, in studying of HS transformation 

researchers often face the hardly comparable and often also contradictory data. Several 

authors reported that the mild reagents are the best to extract the HS or HS-like in 

detriment of strong reagents. In addition, Rosa et al. (2000) showed that the KOH had 

advantages over NaOH to extract HS from peat, due to higher efficiency and reduction of 

contaminants such as proteins. Based on this concept, in this work it was proved that a 

mild reagent based on the potassium pyrophosphate in replacement of sodium 

pyrophosphate can be used to extract HS-like from compost. The amount and chemical 

characteristics were similar for both reagents, and the substitution of K
+
 for Na

+ 
brings 

advantages on the final potential phytotoxicity of the HS-like extracts. 

One of the problems associated to the use HS-like from composts is the possibility of 

heavy metal co-extraction. Donisa et al. (2003) demonstrated the occurrence of some co-

extraction of heavy metals with the HS from natural soils, higher in the FA fraction than 

HA fraction, when using with sodium pyrophosphate as extractant. Similar results were 

registered by Borüvka and Drábek (2004) and in this work. 

Although the formation process of HS-like has been studied for a long time, their 

formation is still the subject of continued research. It is evident that the mechanisms of HS 

formation can be slightly different, depending on geographical, climatic (Fernández-Getino 

et al., 2010), physical and biological circumstances. These substances can be formed in 
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several ways and the role of lignin is important in the majority of these processes (Lopez 

et al., 2006). Hence, in concerning the HS-like formation during composting it is necessary 

to understand the specific process conditions that optimize the transformation of organic 

raw materials into humic-like substances. The composting process requirements, including 

new parameters and methods to identify humus quality and process parameters that induce 

humus build-up should be known. Concerning humification during composting, 

contradictory findings were detected. Some studies pointed out the biotic factors as being 

the most important for the HS-like formation (Smidt et al., 2008), while others referred to 

abiotic factors (Grinhut et al., 2007).  Overall, the type of raw materials, the bulking agent, 

the C/N ratio and the microbiota are some of the parameters pointed out as influencing HS-

like formation. In this study, the humification process during composting was studied with 

several mixtures differing in the initial C/N ratio, the proportion of raw organic materials 

and the percentage of bulking agent. It was confirmed that these parameters influence the 

amount of HS-like. However, it was shown that a low initial C/N is not inhibitory of OM 

oxidation into extractable stabilized HAC, when a higher percentage of bulking agent is 

used to promote the structure of biomass and consequently improves the aeration 

conditions. These observations favor the knowledge of composting process requirements, 

evidencing the role of the bulking agent in the HS-like formation. 

Humified biomass such as composts and sewage sludge present a link between lignin 

and fossilized humic materials. On the other hand, HS are chemically reactive, and possess 

a wide range of functionalities. In literature, there are no studies concerning the extraction 

of HS-like from low quality composts.  The feasibility of using these types of composts as 

source of HS-like was confirmed in the present study, based on HS-like obtained from four 

commercial composts. Their potential as organic liquid amendment was confirmed as well 

since they favored the seeds germination likewise a commercial HA liquid fertilizer.  

HS are not well understood with regards to exact structure and fundamental 

knowledge regarding their chemistry and properties. The chemical characterization made 

to the FA and HA showed similar functional groups as those described in literature. It was 

observed that aliphatic and aromatic compounds were predominant. Additionally, the 

obtained HA had similar chemical composition as humic acid commercial obtained from 

leonardite. As reported before, there are some physical and chemical compost properties 

that correlated with HS-like. Bernal et al. (1998) found that FA was significantly correlated 

negatively with germination index and correlated positively with water soluble organic 

carbon/organic nitrogen ratio. For the composts analysed in this study, it was also found 
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that parameters such high phytotoxicity and heavy metal content influenced negatively the 

chemical composition of the HS-like.  

The commercial composts used in this study contained high amount of heavy metals; 

however, the heavy metals were co-extracted in low levels, in accordance with the findings 

of Donisa et al. (2003) for soils and of chapter 3. The heavy metals may cause negative 

environmental impact, thus it was intended to improve the knowledge on the correlation 

between the HS-like and the heavy metals present in composts. According to several 

authors, the fractionation of heavy metals is the best practice to understand their real 

mobility in environment and, consequently, their potential toxicity. As found before 

(Smith, 2009), the results of this study confirmed that the behavior of the different heavy 

metals varies, and it related, among other factors, with their content in composts and with 

the pH. This study also revealed that from the six heavy metals analysed, the residual form 

of Cr, Cu and Pb seems to influence negatively the HS-like chemical composition. 
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8.  MAIN CONCLUSIONS 

The main conclusions of this work were: 

- Humic substances extracted with sodium and potassium pyrophosphate (alkaline 

solvents) were similar in terms of their amount and chemical characteristics. The use of 

potassium pyrophosphate to extract HS-like from composts allows us to obtain 

humates/fulvates rich in potassium instead of sodium, which will be more favorable in 

terms of crop fertilization, and also with low concentrations of heavy metals. 

- Humification during composting is influenced by several factors, such as the initial 

C/N ratio and the proportion of raw organic materials. C-rich raw materials favored the 

formation of oxidized OM during the composting process. Low initial C/N is not inhibitory 

of OM oxidation into extractable stabilized HAC, when a higher percentage of bulking 

agent is used to promote the structure of biomass and consequently improves the aeration 

conditions. 

- The chemical characterization of the HS-like obtained from composts with low 

quality showed that the extraction successfully produced non-phytotoxic fractions enriched 

in humic- and fulvic-like acids almost free of heavy metals. Nevertheless, compost 

parameters such as high phytotoxicity and heavy metal content influenced the chemical 

composition of the HS-like. The HS-like from composts with low quality, particularly the 

HA fraction, may be used as liquid organic fertilizer, substituting those produced from 

natural resources.  

- The HS-like chemical composition was influenced by the residual fraction of Cu, 

Pb and, mainly, Cr. Pb and Cu mobile phase may have a negative influence on the 

microbial activity, involved on the formation of stabilized humic-like substances.  

 



9. FUTURE WORK 

88 

 

9. FUTURE WORK 

One important task in the knowledge of the humification process during the 

composting is the investigation of the microbiological population that is associated with 

this process. This theme has been the base of some research; however a better 

understanding of microbial humus formation is still a key question. The development of 

new routine methods for identifying specific microbiological communities and of humus 

analyses would be desirable. In this context, it was developed a preliminary investigation 

in this field, through culture dependent (enumeration of microbial populations) and 

independent analysis (16S rRNA gene based 454-pyrosequencing) of two commercial 

composts (MWS1 and MWS2). For both composts, the actinomycetes and fungi were the 

highest and the lowest cultivable populations, respectively. Higher counts of total 

heterotrophs, actinomycetes and fungi were observed in compost MSW2. The predominant 

bacterial phyla in composts were Actinobacteria, Firmicutes and Proteobacteria. 

Actinobacteria represented 63% and 44% of the bacterial population in the MSW1 and 

MSW2, respectively. On the other hand, Firmicutes were present in higher percentage in 

MWS2 than in MSW1, 44% and 26%, respectively. The investigation is on-going in order 

to correlate the structure and compositions of the bacterial communities with humification 

and physicochemical parameters, and identifying the species involved in this process. 

Due to the HS value to the environmental sustainability it is indispensable to 

investigate others sustainable sources. Nowadays, landfill leachate treatment constitutes 

one of the major challenges for the scientific community, mainly due to the presence of a 

complex mixture of organic recalcitrant – humic substances. To contribute for this 

proposal it was also made some preliminary investigations in the extraction of the HS from 

landfill leachates. It was determined the amount of HS from the leachates of a landfill in 

the North of Portugal and analysed their phytotoxicity.  In this case, it was found that the 

leachates were another viable source of HS, favoring the germination of cress seeds 

comparing with a commercial liquid fertilizer. These preliminary studies were recently 

published by “Silva, T.F.C.V., Silva, M.E.F., Cunha-Queda, A.C., Fonseca, A., Saraiva, I., 

Boaventura, R.A.R., Vilar, V.J.P., 2013. Sanitary landfill leachate treatment using 

combined solar photo-Fenton and biological oxidation processes at pre-industrial scale. 
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Chemical Engineering Journal 228, 850-866”. Consequently, it is important to consolidate 

these preliminary results, developing more investigations, through their chemical 

characterization, their use as liquid fertilizers and researching others uses.  

In order to enhance the knowledge of HS-like, it is suggested that future studies 

should include the characterization of other abiotic factors that influence the humification 

during composting, such as the time and oxidative conditions, among others.  

On the other hand, it is essential to improve applications of HS-like extract from 

compost with low quality. It is important study their use in the wastewater treatment, soil 

remediation and as bioactive compounds. 
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