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ABSTRACT 

Composts originated from small-scale composting programmes including home, 
community and canteen waste composters were studied. Heavy metals concentration 
indicated compliance with current regulations for conventional and organic agriculture. 
Compost from canteen waste showed high organic matter content (74 %VS), while 
community (44 ± 20 % VS) and home composts (31 ± 16 % VS) had moderate levels. N 
content increased from home compost (1.3 ± 0.9 % dm) to community (2.0 ± 0.9 %) and 
canteen compost (2.5-3.0 %) while P content ranged from 0.4 to 0.6 % dm. C/N, absorbance 
E4/E6 and N-NH4

+/N-NO3
- ratios as well as respiration index indicated well-stabilised final 

products. Culturable bacterial and fungal cfu linkage to composting dynamics were identified 
and higher diversity of invertebrates was found in the smaller scale static systems. With 
similar process evolution indicators to industrial systems, overall results support the 
sustainability of these small-scale, self-managed composting systems. 

Key words: Home and small-scale composters, nutrients, heavy metals, stability, biological 
properties, sustainability 

 

1. INTRODUCTION 

  

Home composting has traditionally been considered a horticultural recreational activity 
but more recently has shown great promise as an efficient and sustainable decentralised route 
for municipal organic waste management (Smith and Jasim, 2009; Andersen et al., 2011; 
Faverial and Sierra, 2014). Obvious benefits include avoidance of major costs linked to 
collection and transport of household solid wastes and reduced economic, material and energy 
investment in waste management infrastructure. Compared to other biowaste treatments, such 
as industrial composting, incineration, landfilling or wastewater drainage, home composting 
is regarded as being an equivalent or even a better option with regard to sustainability (Chan 
et al., 2011; Andersen et al., 2011; Lleó et al., 2013). Even for large cities, Adhikari et al. 
(2010) estimated a potential for decentralised composting systems to accommodate up to 50 
% of generated municipal organic waste thus reducing costs and greenhouse gas emissions by 
34 to 50 and 40 %, respectively, as compared to standard landfill disposal. The compost 
generated from local decentralised composters is in most cases consumed locally in domestic 



  

garden production of food and non-food crops (Adhikari et al., 2010; Scheromm, 2015) with 
obvious beneficial carbon footprint implications.  

 The quality of compost is an important environmental factor which relates to presence 
of various recalcitrant inorganic and organic pollutants, its stability, nutrient content and other 
physico-chemical and biological parameters (Barral et al., 2007). The pH impacts the 
composting process through hydrogen ion effects on the dynamics of microbial processes 
with an optimal pH range between 5.5 and 8. Electrical conductivity reflects the soluble 
mineral content of the sample that typically comprises the cations, Na+, K+, Ca2+ and Mg2+ 
and anions, HCO3

-, Cl- and SO4
2-. Excessive compost salinity in the final product will inhibit 

seed germination and crop development. Compost destined to be incorporated into soil must 
retain high organic matter. However, it is crucial that this organic matter is stable and mature. 
Different chemical parameters, in particular the C/N ratio, COD, the absorbance ratio at 465 
and 665 nm (E4/E6) and the ratio NH4

+/NO3
-, and microbial respiration rates reflect compost 

stability and maturity (Bernal et al., 1998, Barrena et al., 2006). 

The fertilising potential of compost is determined by the content of primary- (NPK), 
secondary macro- (Ca, Mg, S) and micro- (Fe, Zn, Cu, Mn, Mo, B) nutrients but it must be 
noted that some of these nutrients are presented in various forms and degrees of extractability 
so there will be different ratios of inorganic and organic forms of these nutrients in compost. 
Data on phosphorus fractionation, particularly plant-available, water soluble and readily 
extractable forms are crucially lacking in the literature dealing with home composting. 
Bicarbonate soluble (Olsen P) estimation of plant available P, typically includes readily 
soluble compounds such as phosphate, phospholipids, DNA, and simple phosphate 
monoesters (Turner and Leytem, 2004). During the composting process, an increase in 
nutrient concentration is usually observed due to compost mass reduction via loss of organic 
matter (Michel et al., 2004). However, excessive leaching and improper management of the 
composting process can lead to nutrient depleted compost. According to current regulations at 
EU and member State levels, use of compost for agronomic purposes can prohibited based on 
levels of "Potentially Toxic Elements", that include certain heavy metals (HM). The HM 
content in compost depends mostly on their presence in raw materials, and increase in 
concentration during the process in terms of organic matter loss and also dependent on the 
degree of stabilization achieved. 

The composition of microbial communities present in compost is highly variable. 
Bacteria and fungi are key groups of microbes present in both compost and soil and have a 
direct influence on the composting process through driving both carbon and nitrogen cycles 
(e.g. Neher et al., 2013). Soil bacteria and fungi promote soil fertility, stimulate plant growth 
and plant defence mechanisms against patogens (Harman, 2006; Contreras-Cornejo et al., 
2009). While some microbes exert antagonistic activity against pathogens, contributing to 
compost cleaning, others may favour the generation of bad odours or include plant pathogens. 
Ryckeboer et al. (2003) recorded a total of 155 different species of bacteria belonging to 66 
different genera, and 408 species of fungi included in 160 different genera. The presence and 
diversity of invertebrate increases in importance in the final phases of compost maturation, 
particularly in non-accelerated processes, although some organisms like nematodes are 
present in all composting steps (Steel and Bert, 2011). 

As pointed out by Lleó et al. (2013), home composting has not been studied extensively 
from a technical and scientific perspective, while Adhikari et al. (2010) indicated the need for 



  

more studies into performance and quality of compost products from home and community 
composters. Currentlimited literature suggests that the properties of home compost are within 
the compost quality limits and similar to industrial compost from source separated organic 
waste (Martínez-Blanco et al., 2010; Andersen et al., 2011; Karnchanawong and Suriyanon, 
2011), except for moisture content, which was usually higher. However, available data is 
scarce and restricted to only a few parameters. Moreover, the majority of studies were carried 
out under well-controlled experimental conditions in) small scale pilot composting units but 
more rarely in field applications of home and other small scale composting systems (Smith 
and Jasim, 2009; Faverial and Sierra, 2014). In addition, composting conditions in field 
applications vary extensively not only in relation to e.g. source material, compost bin type, 
length of composting time etc. but also with respect to regional climatic conditions that can 
significantly affect compost development, efficiency and environmental emissions. 
Temperature in home composters can remain only a few degrees above ambient temperature, 
thus varying seasonally and from region to region. While maximum temperatures, achieved 
during summer conditions, rarely reached thermophilic values in both warm and cold weather 
countries, winter conditions can lead to temperatures below zero degrees inside the composter 
bin in the case of colder regions (Smith and Jasim, 2009; Ermolaev et al., 2014; Faverial and 
Sierra, 2014). On the other hand, while published studies report mainly on physico-chemical 
characteristics and on pollutant leachate and emissions, there remains a lack of compost 
stability data, nutrient availability and microbiological studies from field applications of home 
composters. 

The aim of this work was to investigate and report on compost quality and the 
composting process in major decentralised contexts of home, community or very small 
facility composting in Galicia (north-western Spain). For this reason the physico-chemical 
characteristics (including composition and several stability related parameters) and the 
presence of bacteria, fungi and invertebrates in several compost samples from home 
composting (10 composting systems), community composting (3 systems) and small 
establishments composters (two different systems composting canteen waste from two 
university centres) were determined. Furthermore, composting process chemical- and 
microbial bio-indicators were obtained for both static and dynamic small-scale composters 
treating canteen waste.  

 

2. MATERIALS AND METHODS 

2.1. Composting systems and sampling 

In this study, 10 samples originating from domestic compost (DC) bins and 3 from 
community composters (CC) were analysed. Samples were collected between the 2nd and 6th 
July 2012 with permission from Association for the Ecological Defence of Galiza (ADEGA). 
A further 7 samples were collected from dining compost waste from University of A Coruna 
(UDC), collected the 6th July 2012 and provided by the Environmental Office (OMA) of 
UDC. A final compost sample was obtained from Fairfield Composting Ltd. (Manchester, 
UK) on 20th June 2012 representing green compost originating from green vegetable market 
waste collected from the city of Manchester. A representative volume of 5-8 L was sampled 
from each composter or composting point that excluded pruned branches from tree cuttings, 
branches used as bulking agent, stones and other inert objects. Samples were homogenized 



  

and an aliquot sample of 2-3 L sent to the UDC laboratory in hermetic plastic bags. Compost 
sampled details are as follows: 

DC: 10 samples from home composter bins located within the council of Santiago de 
Compostela and outlying suburbs. Compost was generated mainly from a mixture of green 
and food waste, including leftovers of raw fruits and vegetables, food scraps and raw fish or 
meat and other similar waste. Composting was carried out in 340 L plastic composter bins 
(Komp 340 Container Trading, Pettenbach, Austria), of the following dimensions: 76 x 76 cm 
(base) x 85 cm. Compost samples were taken from the bottom of the composter after a 
composting period of at least 4 months and thus all the samples corresponded to final product 
obtained in these composters. The home composting programme was implemented by the 
association, ADEGA that provides a manual with instructions for users and supervises the 
operation through several personalised visits. Using the same methodology, ADEGA co-
ordinated a home composting programme to approximately 3000 homes in Galicia between 
2002 and 2012 (Soto, 2014). 

CC: 3 compost samples from community composting programmes of the district 
councils of Fene, San Sadurniño and Santiago de Compostela. The origin of organic waste 
was similar to that indicated above for DC composters. Composting was achieved in 2000 L 
composter bins (Komp 2000 Container Trading), of the following dimensions: Ø178 cm, 
height 113 cm. Compost samples were taken from the bottom of the composter after a 
composting period of at least 4 months, being considered final product samples. Composters 
were used by the public in the neighbourhood under supervision from volunteers trained by 
ADEGA.  

PF: 3 compost samples from the Philology Faculty (PF) of the University of A Coruña 
(UDC). The compost was produced from food waste generated in the university canteen 
mixed with a bulking agent (1:1 vol. ratio). The PF canteen waste respectively contained 
approx. 91% and 9 % leftover food andremains of food preparation, the mixture showing a 
moisture content of 71% and C/N ratio of 14.2 (Vázquez et al., 2014). Because the current 
diet in Galicia is fish and meat rich, the proportion of these raw materials in SA and PF 
canteen waste was considered to be high. The bulking agent consisted of finely shredded 
(about 5-10 mm grain size) green waste (pruning included) also generated at the university 
campus, and provided by the garden maintenance company. The moisture content of bulking 
agent was variable (20-50%) and the C/N ratio was approximately 53. Static composter bins 
340 L Komp Container were used. The three samples were collected on the same day and 
representing different stages of the composting process: one month into the composting 
process at the end of the thermophilic phase (PF1, Stage 2), three months in the composting 
process and the end of the minimum period of stabilization (PF2, Stage 3) and maturing 
compost more than five months into the composting process that had been transferred into 
permeable bags and not monitored thereafter (PF3, Stage 4). 

SA: 4 compost samples of canteen composting food waste from the School of 
Architecture (SA) of the UDC. Approximately, SA canteen waste contained 37 % juice 
orange peels, 17 % coffee grounds, 37 % leftover food and 9 % remains of food preparation, 
the mixture showing a moisture content of 75% and C/N ratio of 14.7 (Vázquez et al., 2014). 
The bulking agent used was as in PF but the ratio of food waste to bulking agent was slightly 
lower, in the range of 1:1 to 1:1.5 in vol. In this case the composting process was carried out 
in an aerobic digester (Plana Compost® design) with mechanical mixing (1st stage), and 



  

subsequent maturation in static composter bins of 1050 L (Komp 1050 Container Trading, 
Pettenbach, Austria), of the following dimensions: Ø136 cm, height 107 cm (2nd stage). The 
retention time in the digester was estimated at about 15-20 days while the subsequent 
stabilization of the material required a minimum of 4 to 6 additional weeks. The four samples 
were collected on the same day, representing different stages of the composting process: 
material from the entrance area of the digester (Stage 1, sampleSA1), material from the output 
area of the digester (Stage 2, SA2), compost after 3 weeks in the static composter at the end of 
the thermophilic phase (Stage 3, SA3) and compost after 8 weeks in the static composter at 
the end of the minimum period of stabilization (Stage 4, SA4).  

FC: 1 matured compost sample from a green composting plant processing 
plant/vegetable waste (Fairfield Composting, Manchester UK). The sample allowed 
comparisons between the results for domestic and small-scale compost and representative 
industrial compost. 

 

2.2. Samples pre-processing 

Compost samples collected in Galicia (20) were maintained at controlled temperature 
(10 ºC) in the UDC facilities prior to transfer to Manchester Metropolitan University (MMU) 
on the 9th July 2012 as three sub-aliquots of 100 ml (or an amount >25 g) of each sample in 
plastic bags. The delivery was held by a shipping company, prior to authorisation of the 
MMU DEFRA Soil Licence Certificate for UK importation. Compost samples were received 
the following day and stored at 11°C before analyses. For determination of biological 
parameters samples opened bags were equilibrated at ambient room temperature for at least 2 
hours. 

Analytical methods and basic assay conditions are summarised in Table 1. All analyses 
were carried out in duplicate. Certain parameters were determined in aqueous extract (pH, 
conductivity, COD, absorbance) or via method specific extraction (absorbance, ions and 
cations, Olsen P). Most of the analyses carried out on dried samples required sample pre-
processing steps that included grinding to ensure the sample homogeneity and the analyses 
reproducibility, especially in cases where an assay was made on very small quantities of 
material. Dried samples were pestle ground in a ceramic mortar after inspection and removal 
of stone, glass, metals and other aggregates. 

Table 1 

 

2.3. Physico-chemical and respirometric analysis 

The physico-chemical analyses included determination of pH, moisture, electrical 
conductivity, total organic matter (TOM), elemental composition, metal content and nutrient 
elements, and various properties of the extracts. These standard parameters allow assessment 
of compost as an amendment for agricultural use. 



  

Several of these parameters are related to compost stability, in particular the C/N ratio, 
COD, the absorbance ratio at 465 and 665 nm (E4/E6) and the ratio NH4

+/NO3
- (Bernal et al., 

1998). The stability was determined by respirometry, using the IRGA method, based on the 
CO2 production. This method provides values of mgCO2/gVS*h, which multiplied by the ratio 
of molecular weights of O2 and CO2 (0.727) become the specific oxygen consumption rate 
expressed in mgO2/gVS*h (Barrena et al., 2006), or respiration index (RI). 

 

2.4. Microbiological and macroinvertebrates analyses  

The microbiological analyses included: i) enumeration of colony forming units (cfu) of 
bacteria and fungi following dilution plating, ii) Gram stain (classification in bacteria Gram 
(+) and Gram (-) and specification of cell morphology: coccus, bacillus or spirilla, iii) oxidase 
activity, and iv) microorganisms identification using standard phenotypic systems 
API®NE/20E (bioMérieux, Marcy-l’Etoile, France).  

Enumeration of mesophilic aerobic bacteria and fungi was carried out on tryptone soy 
agar (TSA) at 1:10 dilution, containing 50 ppm of cycloheximide and potato dextrose agar 
(PDA) containing 100 ppm of chloramphenicol, respectively (e.g. Bulluck and Ristaino, 
2002). Petri dishes were incubated at 20°C and colonies counted after 48-72 h incubation 

The oxidase test was used to identify all species of Neisseria (+) and to differentiate 
members of the genus Pseudomonas (positive oxidase) from the members of the negative 
oxidase (Enterobacteriaceae). As the reagent oxidase, an aqueous solution was used at 1 % 
dihydrochloride of tetramethyl-p-phenylenediamine (Kovacs reagent) (Isenberg, 2005). 

The API 20E system (bioMérieux, Marcy-l’Etoile, France) was used, following the 
manufacturer’s instructions, for member identification in the Enterobacteriaceae and other 
Gram-negative bacilli and API 20NE system for the identification of Gram-negative bacilli 
not affiliated to enterobacteria, as for example Pseudomonas, Acinetobacter, Flavobacterium, 

Moraxella, Vibrio and Aeromonas, among others. 

For the macroinvertebrates determination, the lucifuge or higrofile features of these 
organisms were used (Wheater and Read, 1996) following invertebrate extraction using a 
Berlese-Tullgren Funnel. 

 

2.5. Data manipulation and numerical analyses  

 

In order to facilitate interpretation, relative HM values are defined as the ratio of the 
metal concentration in compost sample to the regulation limit: 

Relative HM concentration = Ci /CAi (adimensional value) 

where Ci is the concentration of metal i in sample compost and CAi is the concentration 
limit of metal i for Class A in the Spanish regulation.  



  

Less demanding limits can also be expressed as a relative adimensional value referred to 
the stricter Class A limit: 

Relative HM Class B limit = CBi /CAi (adimensional value) 

A detailed explanation on compost classes with respect to HM content is presented in 
section 3.4 below.  

Unless otherwise stated, mean and standard deviation values were used to assess the 
characteristics of DC (n=10), CC (n=3), PF (n=3) and SA (n=4) composts. Data were 
subjected to one-way analysis of variance (ANOVA). Where relevant, exclusion of outliers is 
indicated in the corresponding section.The suitability of the least-squares fitting (single and 
multiple linear regression) was evaluated by the square of the coefficient of determination 
(R2), the adjusted R2, the statistical F-value, and probability (p). All samples were used for 
analysis of correlation between different parameters of the same compost types..Statistical 
analyses were carried out in Microsoft Excel.  

 

3. RESULTS AND DISCUSSION 

3.1. Assessment of composting procedures 

In all the decentralised composting production systems (DC, CC, PF and SA) the 
operation allowed composting of all domestic or local biowaste generated, that would have 
included meat and fish waste in addition to vegetable waste generated mainly in kitchens and 
university canteens. The mixed composting is rather unique as other programmes of home 
composting from several countries recommend exclusion of meat and fish waste prior to 
composting (Chan et al., 2011; Lleó et al., 2013; Faverial and Sierra, 2014) or such a practice 
is the election of users (Ermolaev et al., 2014). According to data from some home 
composting programs (Soto, 2014) there appears no reason to exclude components of meat or 
fish from home composting, since their inclusion did not present any process issues, but 
favoured higher composting activity at higher temperatures in the thermophilic phase due to 
C/N ratio and nutrient enrichment in the composting process. Thus, DC and CC programs 
have the potential to process the entire biowaste fraction, which in Galicia can represent over 
40-50 % of domestic waste. Process temperature in DC systems in Galicia was usually in the 
mesophilic range (20 to 40ºC; Soto, 2014), while CC systems could reach some higher 
temperatures because of the bigger composting volume (no data available), and canteen 
composting systems reached always the thermophilic phase (50 to 65ºC) independently of the 
composter volume. Composting temperatures below the thermophilic range in home 
composters has been previously reported by Smith and Jasim (2009), Ermolaev et al. (2014) 
and Faverial and Sierra (2014).  

 

3.2. Physico-chemical characteristics 

The main physico-chemical characteristics of composts and its nutrients are presented in 
Tables 2 and 3. Electrical conductivity and pH values were similar to those previously 



  

reported for home compost (Smith and Jasim, 2009; Martínez-Blanco et al., 2010; Lleó et al., 
2013; Faverial and Sierra, 2014). The pH of various sampled immature and mature composts 
ranged between 7 to 8.5, except for two DC samples and a CC sample with values of pH 6.5, 
6.6 and pH 8.7, respectively. The mean pH for the different composts is indicated in Table 2. 
All of them, DC, CC, PF3, SA4 and FC are slightly basic and typical of mature compost, 
compatible with a quality product and favourable to the composting process (Sundberg et al., 
2004; Barral et al., 2007). On the other hand, the pH changes during the composting process 
of canteen waste in the UDC (PF and SA samples) reflects the expected behaviour for a 
typical composting process, an gradual increase in the early and intermediate stages of 
composting followed by a drop at maturation.  

Table 2 

Table 3 

 

The electrical conductivity, indicative of the overall salinity of the substrate, was very 
variable in the home composting samples (372-5400 µS/cm), but the mean values for the 
resulting composts from the three areas (DC, CC, PF and SA) were in the range of 1500 to 
1800 µS/cm. 60 % of the DC samples had conductivity under 1500 µS/cm, which may be due 
to the use of high proportions of vegetable waste compared to food waste. A DC sample 
showed high conductivity, 5400 µS/cm, which corresponded with the highest concentrations 
of sodium, potassium, nitrate and sulphate found, which in part may be due to the addition of 
ash from wood fireplaces and wood stoves to compost, common practice in some of the 
Galician houses with composter bins. This leads to a higher P, and especially K, content. The 
compost produced with canteen waste (PF samples and SA) showed electrical conductivity 
higher than home composting, that reflects a higher input of food leftovers in canteen waste 
and the higher content of salt in food waste (according to Li et al., 2013), although the use of 
a larger bulking agent-organic waste ratio permits the reduction of possible salinities in 
excess. 

The moisture in the compost samples was very variable, depending on the type of 
waste, the protection against the rain, the phase of the composting process, or the level of 
monitoring, mixing and watering received. The commercial compost FC had 35 % moisture. 
DC Samples had a water content of 54 ± 15 %, but very variable in the range of 34 to 77 %. 
Two DC samples out of ten and two CC samples out of three showed higher values than 68 
%, which is considered too high (Li et al., 2013). In the SA samples, moisture decreased as 
the process advances (SA1 to SA4), starting from very high initial values. By contrast, the PF 
samples indicated a premature drying in the thermophilic phase (PF1), an usual risk due to the 
high energetic concentration and biodegradability of the canteen waste, that should be 
corrected to water levels, while excessive moisture in the final phases (PF2 and PF3) was due 
to the rain exposure of two static composter bins. Although all compost bins were provided 
with a lid but exposed to rain, the differing behaviour indicates that while rainy weather was 
insufficient to balance water content during thermophilic phase, it results in excess moisture 
content during maturation phases. 

Total organic matter (TOM) via loss-on-ignition analysis highlighted considerable 
variation with a minimum percentage of approximately 12 % volatile solids (VS), and a 



  

maximum of 85 % VS. In the case of SA samples, the highest values of TOM corresponded 
with early stages of the composting process, while in the case of PF samples, no variability 
was found. Depending on the origin of the waste starting material, compost samples of the 
university canteens had higher levels of organic matter, with final values of 73 % VS (PF) and 
75 %VS (SA). It follows the community compost (44 ± 20 %VS), the commercial compost 
(37 %VS) and finally the domestic compost (31 ± 16 %). This variation was considered 
related to the use of raw materials, as in domestic composting various inorganic materials 
such as ash, shells of shellfish, or even the soil are added. The presence of these materials has 
been confirmed in some of the samples. A wide variation in TOM content (6.6 to 69 %, mean 
28 %) was previously reported by Smith and Jasim (2009) and by Faverial and Sierra, 2014 
(33 to 55 %, mean 46 %) for field applications of home composting, while experimental 
studies simulating home composting showed higher values, ranging from 48 to 75 % 
(Martínez-Blanco et al., 2010; Andersen et al., 2011; Lleó et al., 2013). Most studies 
simulating home composting used selected food waste which showed characteristics closer to 
canteen or market organic waste fractions, while home organic waste showed highly variable 
characteristics and lower average content of organic matter. In our study, TOM content 
appeared as a main variable explaining DC and CC compost characteristics, being that 
positive correlations were found between TOM and moisture content, carbon content and 
nitrogen content (R2>0.75), as well as between TOM and total P, Olsen P and K (R2 0.3-0.6). 
However, no correlation was found between TOM and pH, EC or C/N (R2<0.12).  

 

3.3. Nutrients in compost samples 

Levels of N, P2O5 and K2O in DC samples (Tables 2 and 3) were well within the 
acceptable range stipulated in the Spanish regulations which recommends >1 % content for 
for each nutrient, and that the sum for the set of three nutrients exceeds 4 %. The values are 
higher in K2O. Individually, the DC samples show marked differences between them, which 
may be a result of variability in the composition of the used waste. 

The nutrient content of PF and SA compost increased over the degradation and 
stabilization process, which agrees with typical composting process behaviour (Díaz et al., 
2004, Michel et al., 2004). However, this increase was not observed with regard to K2O 
probably due to high mobility of this component to its greater potential for leaching. 
Compared to DC and CC samples, the final products of PF and SA showed higher nitrogen 
content but not in other primary macronutrients, such as phosphorus and potassium. The sum 
of macronutrients in the form of N, P2O5 and K2O reached values of 4.0 ± 2.0 % dry matter 
(dm) (DC samples), 5.3 ± 2.4 % dm (CC), 6.4 % dm (PF) and 4.6 % dm (SA), exceeding the 
value of 4.0 % dm stipulated in Spanish regulations. Instead, the FC commercial compost 
sample added a content of nutrients in only 2.7 % dm, which probably reflects tight control of 
starting materials, restricted to plant/vegetable waste. The nutrient content in DC and CC 
samples was also higher than that found in previous Spanish domestic composting 
programmes (Soto, 2014) due to the recommended exclusion of meat and fish waste from the 
composting process. On the other hand, the nutrient content (N, P and K) in DC and CD 
samples fell in the range of values previously reported for field domestic composting 
programs (Smith and Jasim, 2009; Faverial and Sierra, 2014). 



  

In a study of home composting, Andersen et al. (2011) found that nitrogen content 
ranged between 1.4-2.2 % dm, but could have a higher range and upper limit of 1.1-3.5 % dm 
dependent on the diverse raw materials used in home composting. Furthermore, Andersen et 
al. (2011) reported total N loss during composting being as high as 51–68 % and assumed that 
the majority of this N lost was emitted as N2, if leaching does not occur or is tightly controlled 
to a minimum. As other routes of N loss are unlikely (Andersen et al., 2011), denitrification 
must be the main route of compost N deletion. Although N2 is environmentally neutral, the 
potential high N loss reduces the fertilizer value of home composts. In our study, N content in 
DC and CC samples ranged from 0.4 to 2.9 % dm and there was a positive correlation 
between %N and moisture content (R2=0.750, p<0.01) but not between moisture content and 
C/N nor between nitrogen content and C/N (R2<0.25, p>0.1). As anoxic conditions are 
required for denitrification, these conditions are only likely in compost with high moisture 
content, this correlation between N and moisture content suggests that low nitrogen content 
was not due to denitrification and nitrogen losses were probably very limited. In any case, the 
excessive moisture content found in some of the samples investigated here did not appear to 
be a controlling factor leading to low nitrogen content in home composts.  

Total phosphorus (TP) ranged from 0.14-0.81 % dm in the overall set of samples, with 
limited variability of mean values between compost sources (Tables 2 and 3). These values 
are lower than those for compost from animal manures (Vázquez et al., 2015; Wei et al., 
2015) but similar to TP content found in other industrial compost (0.3-0.67 % TP for compost 
from either municipal solid waste, kitchen waste, green waste, straw, and fruits and 
vegetables waste, as reported by Wei et al., 2015) and in home composts, which range from 
0.24-0.7 % dm (Smith and Jasim, 2009, Andersen et al., 2011, Kanchanawong and Suriyanon, 
2011). 

Regarding crop fertilization potential, the total phosphorus as P2O5 in the studied 
samples of 1.1 ± 0.4 % dm (DC), 1.2 ± 0.5 % dm (CC), 1.5 % dm (PF), 0.9 % dm (SA) except 
for FC (0.5 % dm) are at the upper limits of the quality legal limits of 1 %. Regarding the 
compost available phosphorus for plants, Olsen P values were much higher than what it is 
considered necessary in soils, about 10 mg P/kg dm. The concentration of Olsen P in the 
analysed samples ranged from 100 to 410 mg P/kg dm (Table 2), having a high potential as 
fertiliser.  

Data on phosphorus fractionation, particularly plant-available, water soluble and readily 
extractable forms are crucially lacking in the literature dealing with home composting. Olsen 
P includes readily soluble compounds such as phosphate, phospholipids, DNA, and simple 
phosphate monoesters (Turner and Leytem, 2004), from which phosphate is immediately 
available to plants and microorganisms and the remaining fractions are easily mineralizable. 
Our results for Olsen P content are clearly lower than those found in industrial compost with 
similar TP content (Wei et al., 2015). These authors reported Olsen P ranging from 400 to 
2000 mg/kg, corresponding to 13-40 % TP, while all compost samples in our study showed 
Olsen P below 410 mg/kg (2-11 % TP). Sequential samples from SA and PF composting 
processes showed a slight increase in TP while extractable P forms decreased (Fig. 1). This 
process evolution is in accordance with that reported by Wei et al. (2015) and may indicate 
the transformation of P from being labile to moderately labile and more stable forms. In this 
way, lower amounts of Olsen P and phosphate in our compost samples, particularly when are 
expressed as percentage of TP, agree with the characteristics of stable compost of these 



  

samples, as is discussed in section 3.5, and help to prevent potential P loss in runoff and 
leachate during compost use.  

Fig. 1 

A significant increase of extractable P forms, both Olsen P and phosphate, with TP 
content was identified (Fig. 1C).Samples with lower TP content showed the lower amount of 
phosphate (below 1 % TP) but the higher Olsen P (6-11 %TP) while both extractable P forms 
resulted nearly equal (about 4-5 %TP) for samples with the higher TP content (Fig. 1C). 
Phosphate P contributed to Olsen P in a range which varies from 0 % at 0.2 %TP to 50 % at 
0.8 %TP. Among several compost characteristics, better correlations were obtained for 
phosphorus forms with moisture content (Fig. 1D). Content in TP, Olsen P and extractable 
phosphate significantly increased with moisture content, which suggests that high moisture 
content in the range of 60 % to 80 % did not compromise the compost quality in this respect. 

With regard to secondary macronutrients, four DC samples showed an abnormally low 
content of Ca, less than 1 %, while the remaining sample levels were more than 2 % (Table 
3). The final PF and SA compost exceeded 7 % Ca and recorded an increase in the percentage 
compared to the starting material of 41 and 36 %, respectively. Even the extractable or 
available calcium, determined as Ca2+ through ionic chromatography, resulted in the 3.2 % 
and 5.4 % in the final PF and SA samples, respectively. In no case did the Mg exceed 
concentrations of 1 %, appearing 27 % of the total Mg as available magnesium (Mg2+).  

The compost micronutrients concentrations for Fe, Mn, Cu, Zn and Mo are shown in 
Table 3. Of note was the difference between the mean values found in CC and DC samples 
and the samples of the university canteen compost, as Fe and Mn appears between 14 and 9 
times more and Cu, Zn and Mo 3 and 4 times more in domestic and community compost than 
in university canteen waste compost. This is probably due to lower content of these elements 
of food waste. 

 

3.4. Heavy metals 

HM (Pb, Cr, Ni, Cd, Cu, Zn) content except Hg was assessed in relation to the Spanish 
regulations with key limits shown in Table 4 together with some selected limits as identified 
in European regulations. HM limits for Spanish Class A compost are stricter than those for 
Class 1 compost of the biowaste directive (2nd draft) and similar to level limits for organic 
agriculture. Andersen et al. (2011) reported heavy metal limit values for selected EU 
countries with strict compost qualities, such as Austria, Denmark, Germany, and Netherlands. 
These standards indicate that both Spanish Class A and European organic agriculture limits 
are demanding quality indicators and thus will be used as quality reference indicators. 
Unlimited or near unlimited (up to 30 tonnes dm per hectare per year) agricultural use of 
compost is allowed for Spanish Class B and European Class 2, respectively. HM content 
limits for Class B and Class 2 are between 2 and 4.3 times higher than limits for Class A, 
depending on the considered heavy metal. Spanish Class C compost, with HM levels 4-6.3 
higher than Class A is also allowed for agricultural use at reduced doses of 5 tonnes dm per 
hectare per year. 



  

With some very limited exceptions, the mean content of heavy metals of composts DC 
and CC were within that range allowable for quality B composts and for quality A when PF 
and SA composts are considered (Fig. 2). The FC compost from the UK supplier was 
equivalent to the Spanish grade B compost, due to the respective concentration of Pb, Cd and 
Cr that exceeded Class A. 

Fig. 2 

Table 4 

When individual compost samples are considered (data not shown), for DC, Cd in two 
samples and Pb in other two samples exceeded the threshold of the quality C classification, 
with relative values to Class C in the range from 1.1-1.4. Levels of Pb exceeded the Class C 
(relative value of 7.7) in one CC sample and Cd (relative value of 1.4) in the SA4 sample. 
Only these two potential outliers (Pb in a CC sample and Cd in SA4) were excluded from data 
analyses presented in Fig. 2 due to a strong deviation in relation to the rest samples of the 
same type of compost.  

The data for DC and CC samples are similar to those found in other programmes of 
home composting in Spain, although the available information is scarce (Soto, 2014). While 
some authors found lower heavy metal concentrations (Martínez-Blanco et al., 2010; 
Andersen et al., 2011), in other cases, higher concentrations have been reported (Soto, 2014). 
Concentrations of heavy metals identified in composts of this study are generally well within 
these published ranges. Although heavy metal contaminated samples represent a minority 
with respect to the total number of analysed samples, they do highlight the clear need for 
environmental awareness and pro-active engagement by environmental officers with users of 
domestic composting systems to alert them to the need for vigilance regarding sources of 
waste used in composting. No information was available concerning the origin of the 
contamination in DC and CC samples, but in previous studies (Soto, 2014), reported that 
sources of heavy metals include composting of grass stained with heavy metal containing 
paints and addition of ashes derived from the burning of creosote treated wood. While home 
composting usually presents low levels of contamination (Smith and Jasim, 2009; Faverial 
and Sierra, 2014), Smith (2009) had reported that it might exceed the limits when printed 
paper is added to the compost. Prior contamination of the soil added to the compost bins has 
been another source of pollution of domestic compost (Soto, 2014). 

Andersen et al. (2011) indicated that most heavy metals are found in the remaining ash 
fraction and heavy metals are correlated to the ash content. Possible correlation between 
specific heavy metal content and %Ash for our samples was analysed. A direct correlation 
was found statistically significant (p<0.01) between the ash content and the content of the 
following metals: Al (R2 0.71), As (0.59) Li (0.73), Sb (0.81), Ni (0.66) Co (0.41) and Cr 
(0.73) while it was not observed or was very weak (p>0.01) for Ti, V, Cd, Cu, Pb and Zn 
(R2<0.4). Furthermore, among those metals which correlated with %Ash, only Sb, Ni and Cr 
(R2>0.9) were correlated with each other. On the other hand, among those which not 
correlated with %Ash, Ti, V and Cd (R2 0.6-0.9) were correlated with each other and each of 
them with the content of Al (R2 0.7-0.8), while Cu, Pb and Zn did not correlate with Al 
(R2<0.11) nor a correlation existed between Cu and Pb or Zn (R2<0.35). This behaviour 
suggests that the compost contamination with metals such as Cu, Pb and Zn is due to 



  

independent sources or processes, while the contents of Ti, V and Cd could have a related 
source. 

 

3.5. Stability and maturity indicators 

The C/N ratio was generally in the range of 10-15 for most compost samples (Table 2), 
except for those which correspond to the initial stages of the process, in which the ratio was 
above 15 (PF) or even 20 (SA). These higher C/N ratios indicate incomplete composting at 
the time the sample was taken, but later had dropped to typical levels, reaching C/N ratios of 
12.9 (PF) and 16.0 (SA) at the end of these compost processes. The starting raw materials also 
determine both the initial and final C/N ratio. Samples from the home and community 
composting showed mean C/N ratios of 12.6 ± 1.7 and 11.6 ± 1.2, respectively, which 
indicate the compost maturity (Bernal et al., 1998). Similar values of C/N ratio were reported 
by Faverial and Sierra (2014) while Andersen et al. (2011) reported somewhat higher C/N 
ratio values ranging from 15.8 to 18.0.  

The bicarbonate extracted compost E4/E6 ratios were 6.0 ± 0.9 (DC), 6.7 ± 1.3 (CC). 
Similar ratios were obtained for the final composts from PF and SA processes, i.e. samples 
PF3 and SA4 (Table 2). In these processes, sequential samples indicate a clear increase of 
E4/E6 but not the absorbance value. Optical densities in aqueous extract generated erratic 
results. The COD of the extracts showed typical values of stable compost (700 mg/L) (Lossin, 
1971), with means of 354 ± 395 (DC) and 434 ± 246 (CC), with a reduction of COD over the 
PF and SA processes, although not achieving so low optimal levels, at least for PF3. 

Concentrations of N-NH4
+ of less than 0.04 % or N-NH4

+/N-NO3
- ratios below 0.16 

(Bernal et al., 1998) are thought to be typical of mature compost. None of the final compost 
samples showed concentrations of ammonium or N-NH4

+/N-NO3
- ratios exceeding these 

thresholds of stability. Instead, PF1 and also SA1, SA2 and SA3 samples correspond with 
non-mature compost based on these indicators. 

A stable compost has a typical RI below 1 mgO2/gVS*h (Barrena et al., 2006). On this 
basis, all samples except one final compost CC, could be regarded as stable compost. The 
mean values were 0.29 ± 0.28 and 0.56 ± 0.56 mgO2/gVS*h for DC and CC samples, while 
the RI of final PF, SA and FC composts were 0.20, 0.11 and 0.51 mgO2/gVS*h, respectively. 
RI of 1.1 mgO2/gVS*h (Martínez-Blanco et al., 2010) and 0.43 mgO2/gVS*h (Lleó et al., 
2013) were previously reported for final compost after 14 and 19 weeks of composting, 
respectively, both in controlled experiments simulating home composting. Moreover, the PF1, 
SA1 and SA2 samples corresponding to intermediate stages of the composting process clearly 
exceeded the value of 1 mgO2/gVS*h.  

Overall, concordance between various chemical indicators, when defining the stability 
of the samples analysed in this research, has been observed. However, correlations between 
the various stability parameters were only possible for PF and SA samples, as the other 
samples correspond to stable compost. With regard to the 7 samples taken from different 
stages of composting process (PF and SA), the best correlation between N-NH4

+/N-NO3
- ratio 

and RI (R2=0.95; p<0.05) was obtained, and there were also significant correlations (p<0.05) 
between E4/E6 and RI (R2=0.62) and E4/E6 and C/N (R2=0.88). Correlations of C/N with N-



  

NH4
+/N-NO3

- and RI were weaker (R2=0.47-0.51; p <0.1), but they improve when removing 
the SA3 sample (R2=0.91; p<0.05), due to an anomalous N content in this sample. A high 
correlation between these four indicators of stability was obtained (R2=0.88-0.95; p<0.05, 
n=6) when the SA3 sample was not included (Fig. 3). A correlation between COD and any of 
the remaining parameters was not found.  

Fig. 3 

 

3.6. Bacterial and fungal enumeration and identities  

Culturable aerobic mesophilic bacteria and fungi (cfu/g dm compost) are presented in 
Table 5 and Fig. 4. For DC samples, a significant correlation (p<0.05) between culturable 
fungi and bacteria (R2=0.61), and content of water with the content of fungi (R2=0.73) and 
bacteria (R2=0.79) was found (Fig. 4a). These correlations show that compost moisture 
content below 40 % had negative impacts on culturable fungi and bacteria, indicating a 
microbial water deficit response. For similar moisture content, cuturable bacteria in the CC 
samples was similar to the DC samples, while the culturable fungi were significantly lower 
(p<0.05). Thus, the DC samples had higher culturable fungal propagules, means of 46 ± 
39x106 cfu/g dm compost (Table 5), while the culturable fungi of the CC, PF3, SA4 and FC 
samples were in the range 16 ± 8x106 cfu/g compost. Similar counts of cultivatable bacteria 
and fungi in composting household separate waste was reported by Ryckeboer et al. (2003), 
with approximately 108 and 106 cfu/g dm compost, respectively. These authors found that 
bacteria population increased during the cooling and maturation phases of biowaste 
composting in compost bin. Chandna et al. (2013) reported bacterial populations ranging from 
105 to 109 cfu/g dm compost from Lignocellulosic agricultural by-products which markedly 
increased during mesophilic phase, and then decreased during the next phase up to cooling 
and maturation.  

Table 5 

Fig. 4 

The highest incidences of culturable mesophilic aerobic bacteria (cfu/g dm compost) 
were detected in the PF1 and SA1 samples corresponding to the initial composting stages of 
compost PF1 and SA1 from university canteens (Fig. 4b). In sequential samples of the 
composting processes, progress of composting resulted in decreased mesophilic aerobic 
bacteria by approximately 10-fold (Fig. 4b), that agrees with behaviour described by Perez-
Bocourt et al. (2010). This can be explained by the combined effect of increased compost 
temperature selecting for thermophiles and the progressive depletion of easily biodegradable 
substrate (Ryckeboer et al., 2003; Chandna et al., 2013). In contrast, culturable fungi showed 
no clear trend with respect to compost process timing (Fig. 4b). Thus, taking the sequential 
samples PF and SA together, fungal cfu/g dm compost decreased as moisture increases in the 
range 50-77 % of water (R² =0.817; p<0.05), while there is no correlation between bacteria 
and water (data not shown). 

To assess culturable fungi and bacteria relationships with sample moisture content, 
groupings according to low (36 ± 4 %), medium or optimal (59 ± 8 %) and high (76 ± 2 %) 



  

levels of moisture (Fig. 4c) were identified. Thus, moisture content differentially affects 
culturable bacteria and fungi. Both bacterial and fungal cfu increased with increasing water 
content from low values to the optimum moisture range that is fungal-specific. The variability 
caused by other factors determines that there were no significant differences between the 
densities of bacteria at different moisture levels, but between the densities of fungi at optimal 
moisture with densities at low and high moisture levels (p<0.05). 

Using the Analytical Profile Index (API) bacteria were identified to species level in 
three DC samples and two SA. These correspond to the early stage of stabilization and final 
product. In DC samples the presence of Comamonas testosteroni / Pseudomonas alcaligenes, 

Pseudomonas putida and Pseudomonas oryzihabitan were detected, and in the SA samples 
Aeromonas hydrophila / caviae and Serratia liquefaciens were found. These identified 
bacterial species agree with those of Ryckeboer et al. (2003), who found the presence of 
Pseudomonas alcaligenes after cooling and during the maturation phase which also confirm 
an increase of microbial diversity in the final composting phases. The presence of the genera 
Comamona and Serratia in compost samples was also reported by Chandna et al. (2013). 
Recent application of next generation sequencing of rRNA gene phylogenetic markers 
(bacterial 16S and fungal ITS1) has provided novel insight into total bacterial and fungal 
community dymamics in commercial composting (Neher et al., 2013) that needs to be 
extended to decentralised composting such as described in this study.  

 

3.7. Invertebrate survey 

Table 6 summarises information on number of invertebrate individuals identified to 
taxa/species in the different compost samples. A total of 326 individuals belonging to 17 
different species were found across all compost samples. The greatest range of species/taxa 
was found in the DC samples, up to 7 species and 41 individuals per sample whilst the 
university canteen compost (PF1 and SA1), yielded only 1-2 species and 1-2 individuals per 
sample. The results also indicate that in these composting processes, diversity of invertebrates 
is increased as the process advances, but rates of increase are not markedly high in any of the 
samples analysed. Steel and Bert (2011) reported that available information of mesofauna 
from compost is limited and virtually absent relative to their presence in key stages of the 
composting process. 

Table 6 

Taken together, the mean numbers of different invertebrate species per sample were 5 ± 
2 and 4 ± 1 for DC and CC samples, while the final products PF, SA and FC were 5, 2, and 3 
different species, respectively. Both the composting processes regarding SA and FC are 
dynamic and accelerated processes compared to DC, CC and PF, so the data suggest that this 
acceleration is accompanied by a reduction of the diversity of invertebrates that relates to an 
increase in cfu of bacteria in the initial stages, as seen above. This same trend can be seen in 
the numbers of individuals, whose average values were 20 ± 11 and 17 ± 13 for DC and CC 
samples, while the final products PF, SA and FC had 12, 6 and 7 invertebrates, respectively. 
As indicated in section 3.1, process PF and SA reached thermophilic temperatures similar to 
those of industrial composting processes (PF). Thus the effect of these higher temperatures 
could be the main factor affecting the relative presence of invertebrates. Another reason for 



  

the higher presence of invertebrate species in home and community composting, small-scale 
static processes may be the closer contact between the composting material and the ground. 
As a result, in some cases, soil inoculant entered the composting material that supports the 
identification of higher number of bacterial, fungal and invertebrate propagules. 

 From the current limited literature (Ødegaard and Tømmerås, 2000; Steel and Bert, 
2011), mites were commonly represented and in the compost samples investigated here, 19 
out of a total of 21 samples yielded an unknown species of mite. Among the three kinds of 
mites detected, the Sarcoptiform order and the Oribatida sub-order were dominant (in 16 out 
of 21 samples), followed by the Ixodida order mite, present in 14 samples followed by Fly 
larvae that were present in 11 samples. These same taxa were those with highest 
representation based on numbers of individuals, amounting to 74 % of the total invertebrate 
count. By contrast, five invertebrate taxa/species were present in only a single sample (though 
not necessarily with a single individual): centipede (order chilapoda), mite (order acari, 
phylum arthropoda: class arachnida), common spider, spider (Clubiona terrestris) and the 
coleoptera beetle. These data support the urgent need for further investigation of invertebrate 
taxa and their impact on compost dynamics and quality. 

 

4. CONCLUSIONS 

Compost samples from three areas of decentralized composting, including domestic 
(home) composters, community level composters and university canteen waste composters 
were analysed. Final compost products presented good agronomic features i.e., low heavy 
metals content, high nutrient status, and a high degree of stabilization. High fungi content and 
high diversity of invertebrates were found in home compost. Results indicate that 
decentralised composting ranging from domestic, community and small generator scales are a 
suitable solution to the treatment of organic waste and all produce high quality compost which 
can be directly used on site, thus avoiding transport costs and reducing environmental 
charges. 
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Fig. 1. Total P (TP), extractable Olsen P and phosphate dynamics during composting processes (A and B) and 
correlations between extractable P forms and TP (C) and water content (D) in final compost samples. For Stages 
1-4 definition, see Section 2.1. 
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Fig. 2. Mean concentration (± S.D.) of heavy metals in the four types of compost: A) DC, B) CC, C) PF and D) 
SA. Concentrations are expressed as values relative to the legal limits for Compost Class A, and its comparison 
with the limits for Class A (relative value =1) and Class B (Excluded an outlier for Pb in a CC sample and one 
for Cd in SA4). 
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Fig. 3. Correlation between several stability indicators for PF and SA samples from different composting process 
stages (all significant, p<0.05, except for COD). The indicated coefficient of correlation R2 corresponds to linear 
correlations excluding (and including) the SA3 sample, open square. 

 



  

 

  

 

 

Fig. 4. A) Correlation plots of culturable bacteria and fungi (cfu/g dry compost) in DC samples against moisture 
content (note that for bacteria, the correlation equation applies only for data from samples with moisture content 
higher than 45 % (n=6), while 3 samples with lower moisture content showed very low bacteria content and 
were excluded from linear correlation). B) Culturable microbial counts in sequential sampling stages of the 
composting processes (PF and SA; definition of Stages 1-4 in Section 2.1.). C) Relationship between mean (± 
S.D.) culturable bacteria and fungi in all the samples set (DC, CC, PF, SA and FC, n=21) on the basis of pre-
defined moisture ranges (For each group of microorganisms, a different letter indicate statistically significant 
difference (p <0.05)). 
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Table 1. Summary of analytical methods and basic conditions applied. 

Parameter Method and basis Type, amount and 

sample processing
a
 

Dried 
Moisture 

EPA Standard Method 
Dried at 103 – 105ºC, and gravimetry 

F (10–15 g wm) 
< 2 cm 

Grinding Kitchen grinder, laboratory mill ball 
Fritsch Analysette 3 Spartan 

D (20–25 g dm) 
Grit removed. 

Aqueous extract Proportion 1:5 W:V b 
Centrifuged or filtered 

F (40 g wm) c 

pH and conductivity Aqueous extract 1:5 W:V b 
Mettler Toledo Instruments 

F (5 g wm) 

TOM (%VS) Loss on Ignition (LOI) at 540 ºC (3–4 h) D (5–10 g dm) 
C and N Direct Combustion  

Thermal Conductivity and IR absorbtion 
(LECO TruSpec®) 

D (0.2 g dm) 
Hand grinding  

COD aqueous extract 1:5 P:V b filtered HACH c 
Absorbance extract 1:5 P:V b filtered 
(aqueous and NaHCO3 0.5M) 

EGS 1932 Spectrophotometer 
Readings at 465 and 665 nm 

F ( 40 g wm) c 

Respirometry (CO2 production) IRGA (CO2 gas analyser EGM-4 PP 
Systems) 

F (50–90 g wm) 

Metals: Al, As, Ca, Cd, Co, Cr, Cu, Fe, 
K, Li, Mg, Mg, Mo, Na, Ni, P, Pb, Sb, 
Se, Sr, Ti, V and Zn 

ICP-MS. Thermo Scientific iCAP 6000 
Series. Microwave. (US EPA3051) 

D (0.5 g dm) 
Hand grinded 

Anions and cations (KCl extract 6 %): 
NH4

+, NO3
-, SO4

2-, PO4
3-, Ca2+ and Mg2+ 

Ionic Chromatography, Dionex ICS 2000 F (10 g wm) 
Shredded <2 mm 

Available P in NaHCO3 0.5M extract Olsen P  D (2.5 g dm) 
Microbiology analysis  Dilution Plating (cfu fungi and bacteria) 

Gram stain (Gram +/-) 
Oxidase test (Oxidase +/-) 
API® Systems (genus and subgenus) 

F (1 g wm) 

Identification of invertebrates Berlese-Tullgren Funnel method + optical 
microscope (x40 magnification)  

F (70–150 g wm) 

aSample type: F (fresh), D (dried); wm: wet matter; dm: dry matter. bProportions 1:5 weight:volume (W:V) of 
wet sample (g):extractant liquid (mL). c40 g wm used for preparing each extract to provide sufficient sample for 
the different analyses.  

 

 

 



  

Table 2. Physico-chemical characteristics of analysed compost samples. 

Sample pH H2O 
(%) 

TOM 
(%) 

EC 
(µS/cm) 

C (%) N 
(%) 

Ratio 
C/N 

P 
(%) 

Olsen P 
(%) 

PO4
3--P 

(%) 
E4/E6 

(NaHCO3) 
COD 

(mg/L) 
Ratio N-
NH4

+/N-
NO3

- 

IRGA RI 
mgO2/gVS*h 

Average 
DC 

(n=10) 

7.4 
 ± 0.6 

53.9 
 ± 14.8 

31.2 
 ± 16.4 

1578 
 ± 1437 

16.0 
 ± 9.1 

1.3 
 ± 0.9 

12.6 
 ± 1.7 

0.49 
 ± 

0.19 

0.020 
 ± 

0.007 

0.015 
 ± 

0.017 

6.0 ± 0.9 354 ± 
395 

0.0016 
 ± 0.003 

0.29 ± 0.28 

Average 
CC (n=3) 

8.1 
 ± 0.6 

65.9 
 ± 13.1 

43.8 
 ± 19.6 

1950 
 ± 577 

23.2 
 ± 

11.4 

2.0 
 ± 0.9 

11.6 
 ± 1.2 

0.53 
 ± 

0.22 

0.034 
 ± 

0.006 

0.011 
 ± 

0.008 

6.7 ± 1.3 434 ± 
246 

0.0014 
 ± 0.001 

0.56 ± 0.56 

PF1 7.76 48.8 73.0 3600 42.6 2.78 15.3 0.51 0.030 0.023 6.1 6154 12.84 1.046 

PF2 8.34 73.1 71.8 2400 37.5 3.05 12.3 0.64 0.030 0.010 6.0 1517 0.00 0.196 

PF3 7.86 74.3 73.2 1600 40.4 3.12 12.9 0.64 0.029 0.024 6.8 1793 0.01 0.203 

SA1 7.76 77.0 83.9 1999 45.8 2.13 21.6 0.26 0.034 0.016 3.6 997 >3000 2.670 

SA2 8.01 74.1 84.6 1800 44.9 1.98 22.6 0.23 0.028 0.010 3.5 1633 157.47 2.634 

SA3 8.16 66.8 78.8 1500 41.8 1.93 21.7 0.31 0.031 0.009 4.6 764 0.21 0.232 

SA4 8.08 57.5 75.3 1800 40.2 2.51 16.0 0.41 0.024 0.004 5.8 831 0.03 0.108 

FC 8.27 34.6 36.5 1250 21.0 1.36 15.4 0.24 0.022 0.0002 5.6 380 0.03 0.514 

 

 



  

 

Table 3. Concentration of key nutrient of analysed compost samples.  

Sample K 

(%) 

Ca 

(%) 

Mg 

(%) 

Fe 

(%) 

Mn 

(mg/kg) 

Mo 

(mg/kg) 

NH4
+
 

(mg/kg) 

NO3
-
 

(mg/kg) 

SO4
2-

 

(mg/kg) 

PO4
3-

 

(mg/kg) 

Ca
2+

 

(mg/kg) 

Mg
2+

 

(mg/kg) 

Average 

DC (n=10) 

1.30 
 ± 0.75 

1.75 
 ± 0.88 

0.44 
 ± 0.15 

1.79 
 ± 0.94 

498.7 
 ± 294.5 

1.1 
 ± 0.8 

10.3 
 ± 26.6 

4013.9 
 ± 

2466.7 

345.9 
 ± 376.5 

458.9 
 ± 528.8 

2322.1 
 ± 

1775.2 

777.7 
 ± 495.7 

Average 

CC (n=3) 

1.80 
 ± 0.80 

3.18 
 ± 0.46 

0.51 
 ± 0.24 

1.25 
 ± 0.41 

690.6 
 ± 306.9 

0.9 
 ± 0.6 

2.4 
 ± 0.6 

2299.2 
 ± 

1018.8 

654.8 
 ± 453.9 

325.2 
 ± 241.5 

1944.5 
 ± 911.0 

1216.5 
 ± 602.3 

PF1 1.68 4.17 0.24 0.090 61.88 0.12 966.12 75.22 131.49 693.01 645.08 682.16 

PF2 2.11 5.85 0.32 0.077 56.60 0.44 1.94 1675.44 99.69 314.59 2697.27 1194.30 

PF3 1.51 7.04 0.32 0.078 52.84 0.64 9.66 784.83 107.49 731.59 2243.81 1336.35 

SA1 0.94 4.75 0.19 0.106 50.14 0.17 2969.27 na 25.51 500.42 1670.14 1001.24 

SA2 0.77 3.39 0.17 0.108 45.28 0.49 2307.46 14.65 15.64 306.65 2372.69 898.59 

SA3 0.98 6.14 0.26 0.198 75.38 0.40 5.22 24.68 4.99 267.71 3408.26 1079.26 

SA4 1.04 7.39 0.26 0.206 62.18 0.78 7.57 268.10 27.05 129.08 4004.41 888.58 

FC 0.64 2.86 0.30 1.647 305.94 1.93 9.78 304.94 295.72 7.53 3323.17 620.04 

K, Ca, Mg, Fe, Mn and Mo, determined by ICP-MS and anions and cations (in KCl 6 % extract): NH4
+, NO3

-, SO4
2-, PO4

3-, Ca2+ and Mg2+ by Ion Chromatography. All 
concentrations are referred to dry matter. na: not available. 

 

 



  

Table 4. Heavy metal limit values (in mg/kg dm) for some selected Spanish and European regulations.  

Heavy  
metala 

BOE, 2013 (Spanish RD 506/2013) European Commission, 2001 (2nd 
draft biowaste directive) 

European 
Commission, 1997 

(Organic 
agriculture) 

European 
Commission, 2006 

(Eco-label) 

 Class Ab Class Bb Class Cb Class 1c Class 2c Stabilised 
biowaste 

  

Cd 0.7 2 3 0.7 1.5 5 0.7 1 
Cu 70 300 400 100 150 600 70 100 
Ni 25 90 100 50 75 150 25 50 
Pb 45 150 200 100 150 500 45 100 
Zn 200 500 1000 200 400 1500 200 300 
Hg 0.4 1.5 2.5 0.5 1 5 0.4 1 
Cr 70 250 300 100 150 600 70 100 

aConc. mg/kg dm 
bClass A and B compost can be used without restrictions on agricultural soils while application of Class C compost to agriculture soils is limited to a maximum of 5 tons per hectare 
per year. 
cCompost or digestate of Class 1 shall be used according to best agronomic practice without any specific restriction. Compost or digestate of Class 2 shall be used in a quantity not 
exceeding 30 tonnes dry matter per hectare on a three-year average. 
References (all (accessed may 2015): 
BOE (2013). Real Decreto 506/2013, del 10 de julio, sobre productos fertilizantes. http://www.boe.es/diario_boe/txt.php?id=BOE-A-2013-7540  
European Commission, 2001. Working document on biological treatment of biowaste - 2nd draft. 
http://www.compost.it/www/pubblicazioni_on_line/biod.pdf 
European Commission, 1997. Commission Regulation No 1488/97 of 29 July 1997 amending Council Regulation (EEC) No 2092/91 on organic production of agricultural products 
and indications referring thereto on agricultural products and foodstuffs.  
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:31997R1488  
European Commission, 2006. Commission Decision of 15 December 2006 establishing revised ecological criteria and the related assessment and verification requirements for the 
award of the Community eco-label to growing media.  
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32007D0064  
 
 
 
 
 



  

 

Table 5. Culturable aerobic bacteria and fungi (cfu/g dm compost). 

 

Sample 

Bacteria (TSA culture 

medium) 

Fungi (PDA culture medium) 

cfu/g dried sample (x108) cfu/g dried sample (x106) 

Mean DC (n=10) 21 ± 19 46 ± 39 

Mean CC (n=3) 15 ± 11 11 ± 3 

PF3 13 19 
SA4 24 30 

FC 27 10 

 

 



  

 

Table 6. Numbers of invertebrate taxa and species extracted from compost samples. 

 DC (10 samples) CC (3 samples) PF
b
 SA FC Total

c
 

Organism/Sample Nº 

Samples
a
 

Nº 

Individuals 

Nº 

Samples
a
 

Nº 

Individuals 

PF1 PF2 PF3 SA1 SA2 SA3 SA4  Samples Individuals 

Earthworm (phylum Annelida) 6 19 2 2   1      9 22 
Centipedes (order Chilapoda) 1 1           1 1 
Milipedes (order Diplopoda) 2 5 1 3         3 8 
Acari (order Sarcoptiformes, 
suborder Oribatida) 

9 55 2 17  15 7  5 15 5  16 119 

Acari (mites, phylum Arthropoda: 
class arachnida)  

1 2           1 2 

Acari (order Ixodida, gnathosoma) 7 20 3 20 1 1    1  5 14 48 
Fly larvae 8 78 3 10 1  1      13 90 
Woodlice (order Isopoda)  5 10         1  6 11 
Ant 2 3           2 3 
Spider            1 1 1 
Spider (Clubiona terrestris) 1 1           1 1 
Skin of larva velvety (cantharidae 
soldier beetles) 

2 7           2 7 

Ground bettle 1 1     1   1   3 3 
Pseudoscorpions (order 
Pseudoscorpionida) 

     5 2      2 7 

Mosquito        1 1    2 2 
Coleoptera beetle            1 1 1 
Total               
Number species presents 13 6 2 3 5 1 2 3 2 3 - - 
Number organism presents 202 52 2 21 12 1 6 17 6 7 326 - 

aFor DC and CC, the number of samples in which identified invertebrates were detected 

bFor PF and SA the presence of each invertebrate taxa/species per individual sample is indicated, because samples are from different stages of the composting process. 

c Total number of invertebrate organisms detected in each compost type. 



  

 

Highlights 

Small-scale, self-managed systems produced well-stabilised high quality compost 

N and P content ranged from 0.5-3.0% dm and 0.4 to 0.6% dm, respectively 

High moisture content up to 80% did not compromise the compost quality 

Higher diversity of invertebrates was found in the smaller scale static systems 

Process evolution indicators were similar to those of industrial systems 
 

 


