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Abstract 

In modern societies, disposable diapers constitute a significant percentage of 

municipal solid wastes. They have been traditionally landfilled or incinerated as only 

limited recycling processes are being implemented in some parts of Europe. With the 

implementation of separated collection systems for the organic fraction of municipal 

solid wastes (OFMSW) and the need to preserve the environment, compostable diapers 

have appeared in the market to avoid the main environmental impacts associated to non-

biodegradable disposable diapers. In this study, a full-scale composting of door-to-door 

collected OFMSW with a 3% (w/w) of compostable diapers has also been carried out. 

Previously, lab-scale experiments confirmed that almost 50% of carbon of compostable 

diapers is emitted as CO2 under aerobic controlled conditions. The results obtained at 

full-scale demonstrate that both the composting process and the final end product 

(compost) are not altered by the presence of compostable diapers in crucial aspects such 

as pathogenic content, stability and elemental composition (including nutrients and 

heavy metals). The main conclusion of this study is that the collection of the OFMSW 

with compostable diapers can be a new way to transform this waste into high-quality 

compost.  

 

 

Keywords: composting; compostable diapers; biodegradation; compost quality; 

municipal waste. 
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1.  Introduction 

Waste generation is one of the most important environmental problems of 

modern societies, in particular those associated to biodegradable waste. In consequence, 

it is important to develop new products with enhanced biodegradability that may 

substitute some current products that are of low biodegradability and tend to accumulate 

in the environment. 

Although diaper waste is mainly composed of organic matter (cellulose pulp, 

faeces and urine) (Colón et al., 2011), it is generally collected together within the refuse 

fraction and disposed of in municipal waste deposits or incinerators (Manfredi et al., 

2010). The main environmental problems due to the landfill of waste with high content 

of biodegradable materials are methane emissions that contribute to global warming, 

possible percolation of leachate to groundwater, land occupation, noise and bad odours 

(Smith et al., 2001). On the other hand, waste incineration can produce air pollution 

(NOx, SO2, HCl, particles and dioxins), the emission of greenhouse gases (CO2 and 

NO2), and ashes that have to be managed as hazardous wastes (Smith et al., 2001), but 

there are mitigation strategies to solve that problem depending on the technology used 

and local regulations. 

Additionally, the European Union Landfill Directive (The Council of the 

European Union, 1999) requires significant restrictions on the disposal of biodegradable 

materials in landfills. According to this Directive, by 2016 the biodegradable municipal 

waste going to landfills must be reduced to 35% of the total amount (by weight) of 

biodegradable municipal waste produced in 1995. A proper management of diapers 

could contribute to the achievement of such goal. 
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Regarding the generation of diapers, the average weight for a used disposable 

diaper is 212 g according to experimental data based on the average weight of 610 

diapers collected in the municipalities of Mancomunitat La Plana (Spain) between the 

18th and the 24th of February 2008. In the EU-27, 20,621 millions of baby diapers were 

used in year 2009 (Eurostat, 2009), which implies around 4.3 million tons of waste 

(according to the above diaper average weight), and 1.7% of total municipal waste 

generation in this area. Although this generation takes place mainly in households, 

nurseries concentrate a significant percentage of the generation, and therefore they are a 

strategic key element to introduce alternatives to conventional disposable diapers, such 

as reusable or compostable diapers. However, the coverage of preschool services is very 

different between countries. Table 1 shows an estimation of total used diapers and 

diapers used in nurseries in different European countries. It is important to note that 

there are important differences among the countries analysed. Although we have not 

conducted a deep study on this point, probably they are related to different social, 

economical and cultural aspects. 

There are two alternative options to normal disposable diapers: reusable diapers 

and compostable diapers. Reusable diapers are washed after each use, whereas 

compostable diapers must be collected along with biowaste and managed in biological 

treatment facilities, especially composting plants. In the case of disposable diapers, the 

legal recommendations consider that they should be collected with rejected materials 

(Catalan Waste Agency, 2009a). Today, there is an increasing number of commercial 

compostable diaper brands, although reliable figures or percentages of use are still not 

available. However, it is important to know the real performance in terms of 

biodegradability of a new product before it is available in the market. 
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Although this is not the main objective of this study, Hakala et al. (1997) 

undertook a comparative Life Cycle Assessment (LCA) between conventional and 

compostable diapers. In this case, the considered compostable diaper used polylactic 

acid (PLA) as a substitute for polypropylene (PP) and polyethylene (PE). The 

differences found in the impacts of the conventional and the compostable diapers were 

small.  

The main impacts of compostable diapers were found to occur during the 

agricultural production of the raw materials and during its fermentation to lactic acid 

(eutrophication emissions and energy consumption). Contrarily, compostable diapers 

waste can be converted into compost, which can be used to enhance soil quality and to 

partly substitute mineral fertilisers. Thus, the amount of landfill waste is substantially 

reduced. Another advantage is that the biopolymer is made of annually renewable raw-

material.  

The main impacts of conventional diapers were hydrocarbon emissions to air 

and water from the PP and PE production lines and the impacts of landfills or 

incineration facilities that treat them when they end up as wastes.  

When interpreting the results from Hakala et al. (1997), a number of factors have 

to be taken into account. The biopolymer production sector has undergone a huge 

evolution in the last few years (Wee et al., 2006; Madhavan Nampoothiri et al., 2010), 

and this might suggest that the impact of current biopolymers could be lower. The life 

cycle assessment of PLA presented by Vink et al. (2003) established a potential 

reduction in the energy use from 54 MJ/kg PLA to about 7 MJ/Kg PLA, and a reduction 

of greenhouse gases from +1.8 to -1.7 kg CO2 equivalents/kg PLA. In recent years, the 

unitary weight of regular diapers has decreased an average of 30 %, mainly due to the 
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reduction of cellulose (EDANA, 2008; Hakala et al., 1997). On the other hand the most 

growing component was superabsorbent polymer (SAP). According to compostable 

diapers manufacturers’ information, SAP has been completely substituted by 

biopolymers based on starch, which greenhouse gases emissions are neutral.  

In consequence, the objectives of this research are: i) to analyze the 

biodegradability of two brands of available compostable diapers, ii) to study at full-

scale the performance of the composting process of used baby compostable diapers 

collected in a nursery with the OFMSW iii) to evaluate the quality of the end product 

with and without diapers as control experiment. 

 

2. Material and Methods 

 

2.1. Lab-scale experiments 

Two lab-scale experiments were carried out in order to evaluate the 

biodegradability of two commercial compostable diapers (D1 and D2) during 

approximately 600 hours. Along with these experiments, a control without diapers was 

also carried out. Unused diapers were utilized to carry out the lab-scale experiment and 

the experimental conditions adjusted for optimal composting. 

The following steps were followed in this assay: 

1. The compostable diapers (about 0.5 kg of each commercial brand, D1 and D2) 

were manually shredded to <1 cm pieces, according to previous observations in 

composting plants processing disposable diapers (Colón et al., 2011). 

2. Shredded diapers (42.80 g) were mixed with stable compost coming from the 

composting plant of Mancomunitat la Plana (100 g, dry matter basis) to obtain a 

mixture consisting of 30% (weight percentage) of compostable diapers and 70% 
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(weight percentage) of compost. This ratio was selected to have enough 

inoculum (stable compost) and to observe significant differences in CO2 

production in relation to control experiments. Moisture content was adjusted by 

using the fist test according to The US Department of Agriculture and the US 

composting council (2001), each sample was moistened by adding 325 g of 

water. Porosity was adjusted to 50% according to Ruggieri et al. (2009). An 

Erlenmeyer glass flask reactor of 1 L capacity was filled with the final mixture. 

Duplicates for each compostable diapers were prepared. 

3. An Erlenmeyer glass flask reactor was filled with the same compost coming 

from the composting plant of Mancomunitat la Plana previously moistened to 

adjust the moisture content to 50%. This flask was considered the control 

experiment. Duplicates for the control were also prepared. 

4. During all respiration tests, moistened air at the same temperature of the material 

is used, so moisture material is only changing ± 2% (Ponsá et al., 2010). 

The emissions of CO2 were on-line measured using the respirometer described in 

the analytical methods section and following the methodology developed by Ponsá et al. 

(2010). The difference between the CO2 emitted by the samples with diapers (D1 and 

D2) and the control samples (without diapers) were considered the CO2 emitted due to 

the biodegradation of the diapers.  

The grams of C emitted were calculated according to Equation (1): 

 

       Eq. (1)                                         

    

whereas the total mass of C in the diapers were calculated using a total carbon analyzer.  
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2.2. Full-scale experiment 

2.2.1. Compostable diapers supply 

To obtain a representative sample of used compostable diapers, during 11 

working days, 75 children of the Nova Espurna nursery from Lliçà d’Amunt 

(Barcelona, Spain) used compostable diapers instead of conventional disposable ones. 

Two different brands of compostable diapers (D1 and D2, with the highest production 

in Spain) were used, 35 children used an amount of 558 D1 diapers whereas 40 children 

used an amount of 542 D2 diapers. This experiment on the use of compostable diapers 

was undertaken in order to gather a sufficient number of them to carry out a full-scale 

composting experiment.  

The diapers were collected every day. In order to slow down their 

biodegradation before entering the composting facility, the collected diapers were kept 

in a cold-storage room at 10 ºC.  

 

2.2.2. Composting facility  

The full-scale experiment was carried out in the composting plant of 

Mancomunitat La Plana. This plant is located in Malla (Barcelona, Spain) and receives 

organic waste from door-to-door collection schemes. The plant is located in a rural area 

with a Mediterranean climate. The present capacity of the plant is close to 2,500 t/year. 

The waste to be composted is disposed of in open trapezoidal containers made of 

concrete with three perforated pipes in their floors to provide aeration and to collect 

leachate, which is stored in a separate tank and recirculated to the decomposition 



9 

 

process to maintain adequate moisture levels (4-6 weeks). Afterwards, the curing stage 

is carried out in turned piles (8-12 weeks). 

 

2.2.3. Experimental set-up  

Two different processes were carried out with and without the addition of 

compostable diapers. Only one replication could be carried out at full-scale for both 

experiments because of the large amount of materials required.   

The following steps were followed to build the two piles: 

1. The main substrate for composting was the source-selected OFMSW coming 

from the municipalities with a door-to-door collection system. This substrate was 

composed of kitchen residues and garden trimmings. The average level of impurities 

of this OFMSW was lower than 1% (Catalan Waste Agency, 2009a). The main 

characteristics of the used feedstock are shown in Table 2. The OFMSW was mixed 

with the appropriate weight of bulking agent to ensure a volumetric ratio 1:1, 

although this meant that the weight ratio was slightly different in both mixtures 

(with and without diapers) as the bulking agent used is not completely homogenous. 

Notwithstanding this, the differences in the air-filled porosity of both samples were 

minimal (less than 5%).  

2. The OFMSW (19,575 kg) was mixed with a bulking agent (8,500 kg) consisting 

of shredded pruning wastes in a volumetric ratio 1:1 to ensure an adequate level of 

porosity. This mixture was considered the composting experiment without diapers. 

The dimensions of the pile were approximately: height: 1.5-2 m, width: 4-5 m and 

length: 10 m. 

3. The OFMSW (5,380 kg) was mixed with compostable diapers (160 kg, 51% of 

D1 and 49% of D2) to obtain a 3% weight percentage of diapers in the OFMSW, 
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which is considered representative of the Catalan use of diapers in relation to the 

generation of the OFMSW (Catalan Waste agency, 2009b; Colón et al., 2011). At 

the same time, the necessary amount of bulking agent (2,830 kg) was also added in a 

volumetric ratio 1:1. The resulting mixture was considered the composting 

experiment with diapers. The dimensions of the pile were approximately: height: 

1.5-2 m, width: 4-5 m and length: 5 m. 

Both mixtures (with and without diapers) were composted in the same static forced-

aerated composting reactor for 41 days (active decomposition stage). The 

composting reactor was divided in two parts and it was separately filled with the 

two mixtures. After this period, the curing phase was carried out in two separated 

turned piles for 65 days. During the curing phase the piles were turned once a week 

and moistened when necessary using a Backhus turner Model 15.5 (Edewech, 

Germany), which is able to turn and add moisture at the same time. After the curing 

process, the material was sieved to 10 mm to obtain the final compost.  

To monitor the composting process of both materials during the force-aerated 

decomposition stage, temperature was continuously measured on-site (at two different 

material depths: 0.4 and 1 m), in two different points for both parts of the reactor (with 

and without diapers). During this period, the average temperature is presented. During 

the curing phase the temperature was manually measured at days 73 and 106 of the 

complete composting process (including active aeration stage) using a temperature 

probe (Pt-100; Desin Instrument, Barcelona, Spain). 

Sampling for analysis of both materials was carried out at days 1, 21, 41, 73 and 

106 in both piles. Four sub-samples of 5 kg of the whole material were extracted from 

four points of each pile. The sub-samples were manually mixed to obtain a 
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representative sample of each pile. Moisture, organic matter content and the respiration 

index were determined in an aliquot of at least 1 kg of this representative sample. 

 

2.3. General analytical methods 

Total carbon (TC), dry matter (DM) and moisture content, organic matter 

content (OM), pH, electrical conductivity, total Kjeldahl nitrogen, C/N ratio and bulk 

density were determined in triplicates from representative samples following the 

standard methodology proposed by the US Department of Agriculture and US 

Composting Council (2001).  

Air filled porosity (AFP) was ex situ measured with a constant volume air 

pycnometer developed by Ruggieri et al. (2009). AFP is presented as an average of a 

triplicate measure. 

Heavy metal content (nickel, lead, copper, zinc, mercury, cadmium, chromium 

and chromium VI) was determined in final compost samples by an external laboratory 

using atomic absorption spectrometry (Applus S.A., Lleida, Spain). Pathogen indicators  

(Salmonella and E. coli) were also analysed in an external laboratory by using the 

membrane filter enumeration method (Applus S.A., Lleida, Spain). 

To monitor the activity and stability of the material, the dynamic respiration 

index (DRI) and the cumulative CO2 production (ATn) were determined. In this study, 

DRI and ATn were determined following the methodology proposed by Ponsá et al. 

(2010). Briefly, it consists of two glass flask reactors, a thermostatic bath at 37ºC, a 

control cabinet, an oxygen and dioxide carbon sensor, an air supply system based on 

mass flow-meters and a personal computer unit. DRI was expressed as mg of oxygen 

consumed per g of organic matter and per hour (mg O2 g
-1 OM h−1) and it is presented 
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as an average of a duplicate measurement. It corresponds to the average value of 

maximum respiration activity during 24 hours. ATn was expressed as g of carbon 

dioxide produced per g of dry matter (mg CO2 g
-1 DM), where n is the number of hours 

of the experiment, and it is also presented as an average of a duplicate measurement. 

 

3. Results and discussion 

3.1. Lab-scale experiments 

Figure 1a shows the CO2 evolution during the whole respiration experiment. 

High values of CO2 were emitted during the first 300 h by the experiments D1 and D2, 

and they clearly show a considerable biodegradation of compostable diapers. On the 

contrary, the CO2 emissions of the control experiment were very low and are related to 

the high stability of the used compost (respiration index of 0.8 mg O2 g OM h-1). It has 

to be pointed out that stable compost was used as a co-substrate with the aim to 

maximize the difference between CO2 emissions of D1, D2 and control. This first period 

of high degradation is followed by a period where D1 and D2 experiments have low 

CO2 emissions, which are very close to the base line emissions produced by the control 

experiment. One possible hypothesis to explain the rapid decrease of microbiological 

activity in samples D1 and D2 could be the lack of nutrients in the sample, mainly 

nitrogen, resulting from a high C/N ratio because of the addition of high amounts of C 

(compostable diapers are mainly made of biodegradable carbon). However, to confirm 

this point, specific analysis on nitrogen content and a complete balance of this 

compound including ammonia emissions should have been carried out.  

Figure 1b shows the cumulative production of CO2 during the entire experiment. 

The CO2 emitted by the biodegradation of diapers (both cellulose and biodegradable 

polymers) corresponds to 8.04 and 7.91 g of C respectively, which means a degradation 
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of the initial C diaper content of 44.72 and 44.00%, respectively. These results are 

summarized in Table 3. The lack of nutrients, the mesophilic temperatures and the use 

of a static system may be the causes of observing this non-complete biodegradation. 

Improving these points, as it occurs in a full-scale facility, could enhance the 

biodegradation of diapers. Recent studies have shown that, even at lab scale, the 

biodegradation of disposable diapers can reach values near 90% using controlled and 

favourable conditions (Espinosa-Valdemar et al., 2011). This would be in accordance to 

the EN 13432 standard for biodegradable plastics. Although this standard is not 

achieved with compostable diapers at lab scale, the main objective was to observe their 

biodegradation in a shorter time. According to manufacturers’ information, the 

biodegradation reached for compostable diapers considering the time requirements of 

EN 13432 standard is over 95%.  

 

3.2. Full-scale experiment 

In general, similar patterns during the composting of the OFMSW with and 

without compostable diapers were obtained, as it has been observed with other 

biodegradable polymers used at field scale (Klauss and Bidlingmaier, 2004). 

Figure 2 shows the temperature profile measured during the composting process, 

temperature followed the typical pattern of a composting process and thermophilic 

temperatures were achieved in both cases during several days (Barrena et al., 2006a; 

Ruggieri et al., 2008; Pognani et al., 2012). A second peak in temperature was observed 

after 20 days of experiment for both materials, which probably was due to a change in 

the aeration rate. Thus, it can be concluded that the totality of the material was exposed 

to temperatures that assure the material hygienisation (destruction of pathogens and 

viable weed seeds) following the criteria based on time-temperature conditions 
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proposed by the US Environmental Protection Agency (1995) and the European 

Commission (2000).  

During all the composting period, the moisture content was in the range of 40-

60%. Moisture did not present a clear trend during the decomposition stage because of 

the inherent plant operation (intermittent leachate recirculation). During the curing 

phase, moisture content was maintained around 50% through the addition of tap water 

when necessary in order to maintain the proper development of composting microbial 

communities. Moreover, the composting process took place during winter conditions, 

and rainfall did not allow the compost to dry during the last days.  

Organic matter content showed a continuous decrease during the entire period of 

composting, and a reduction from 74 % to close to 50 % at the end of the composting 

process was measured. As expected, the decrease of OM occurs during both the 

thermophilic and the curing stage (Colón et al., 2011).   

Figure 3 presents the evolution of the dynamic respiration index. As observed, 

the most important part of the biological activity reduction occurred during the high 

active decomposition stage (41 days) when the DRI decreases from 4-5 mg O2 g
-1 OM 

h-1 to a value close to 2 mg O2 g
-1 OM h-1. After this initial period, a slower decrease of 

respiration activity was observed until the end of the process (day 106) reaching a final 

value near to 1 mg O2 g
-1 OM h-1, which is similar to that of stable compost (Barrena et 

al., 2006b; Ponsa et al., 2010). This approximately corresponds to a biodegradation near 

90% when considering the OFMSW and compostable diapers reduction in respiration 

activity (Ponsá et al., 2008; Colón et al., 2011). 

Table 4 shows the complete characterization of the final compost obtained with 

and without compostable diapers. Again, the values observed between both composts 



15 

 

were very similar. Only relatively small differences were observed in some parameters. 

These differences can be related to the inherent heterogeneity of the starting material 

and some possible small differences in the performance of the composting process, 

since at full-scale it is practically impossible to conduct both experiments under the 

same exact conditions (Ruggieri et al., 2008). The general conclusion is that both 

products are sanitized, stable and of good quality. In both composts, an organic matter 

content higher than 35%, a total nitrogen content over 2%, and a C/N ratio lower than 

20, along with a high degree of stability (DRI ≤1 mg O2 g
-1 OM h-1) make this material 

a high quality compost useful for any agronomic application. 

Regarding sanitation, this has been highly effective and none of the pathogenic 

microorganisms used as indicators have been detected in significant amounts. It is 

evident that the temperature reached and the natural decay of pathogens has a positive 

effect on sanitation and no problems due to addition of diapers have been observed 

(Gerba et al., 1995). 

In relation to heavy metals content, it is clear that the levels detected for both 

materials are low. The sole exception is the presence of lead in the final compost 

without diapers that is slightly above the limit for Class A compost in the European 

legislation. It is important to remark the low zinc content in the compostable diapers 

compost, since zinc is commonly used in pomades for baby skin care (Runeman, 2008; 

Visscher, 2009) and as supplement for baby milk powder (Ikem et al., 2002). This point 

was hypothesized by Colón et al. (2011) as one of the possible reasons of the relatively 

high amounts of zinc found in the final compost during the composting of the OFMSW 

with conventional disposable diapers. In this study, the main conclusions were that 

disposable diapers did not alter the performance of the composting process, but some 
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characteristics of the end product were different. In general, regarding heavy metal 

concentrations, the differences found between both composts seem to be related to the 

sample inherent variability of the OFMSW and the proposed collection system. This has 

been previously observed when composting the OFMSW, a fraction of municipal solid 

waste that presents a high level of heterogeneity (Colón et al., 2011; Catalan Waste 

Agency, 2011; Huerta-Pujol et al., 2011). 

 Although the complete biodegradation of diapers did not occur, the majority of 

diapers were biodegraded, although a reliable confirmation of this point should be 

carried out using labelled C-14 and following CO2 emissions, which is practically 

impossible at full scale. In fact, only some small parts of non-biodegraded diapers were 

visually observed after the composting process. However, these parts were easily 

separated passing the material through a mesh of 10 mm, which is typically used in the 

final steps of refining compost. Afterwards, these remaining pieces of non-biodegraded 

diapers can be recirculated to the next process without major concerns, as they do not 

contain any non-biodegradable part. 

 

4. Conclusions 

Baby disposable diapers account for a significant percentage of municipal solid 

waste, around 1.7% in the UE-27 (in 2009). Currently, diapers cannot be recycled and 

the totality of them ends up in landfills or incinerators.  

An experience was carried out in a nursery with two commercial compostable 

diapers and then their biodegradability was analysed by means of a composting process 

with the OFMSW. Collection and treatment of compostable diapers jointly with the 

source-separated OFMSW does not imply any change in the operation and process of 

composting of this municipal solid waste stream. 
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In lab-scale experiments, which can present some limitations compared to full-

scale results, degradation values close to 45% of the initial carbon content were 

observed. 

The composting process of the OFMSW with compostable diapers at full-scale 

has shown no technical problems in the biological process in terms of stability, quality 

and sanitation of the resulting compost. No pathogenic microorganisms have been 

detected when composting compostable diapers, a relevant point when considering 

possible legal restrictions in the collection and treatment of the OFMSW containing 

used diapers.  

We consider that the use of compostable diapers is a real alternative to 

disposable diapers as no technical problems have been observed and a significant 

amount of organic matter can be recovered. Nevertheless, a complete LCA of all the 

process in terms of sustainability and environmental impact and a rigorous economical 

analysis should be the object of further studies to confirm the suitability of this 

emerging option.    

 

Acknowledgments 

The authors wish to acknowledge the financial support provided by Agència de Residus 

de Catalunya (Generalitat de Catalunya), Mancomunitat Intermunicipal La Plana and   

Ajuntament de Lliçà d’Amunt and the collaboration of Nova Espurna nursery. Joan 

Colón thanks Universitat Autònoma de Barcelona for the award of a pre-doctoral 

scholarship. Financial support was provided by the Spanish Ministerio de Educación y 

Ciencia (Project CTM2009-14073-C02-01). 



18 

 

References 

Barrena, R., Cánovas, C., Sánchez, A., 2006a. Prediction of temperature and thermal 

inertia effect in the maturation stage and stockpiling of a large composting mass. 

Waste Manage 26, 953-959. 

Barrena, R., Vázquez, F., Sánchez, A., 2006b. The use of respiration indices in the 

composting process: a review. Waste Manage Res 24, 37-47. 

Catalan Waste Agency, 2009a. Characterizations of the OFMSW (in Spanish). 

https://sdr.arc.cat/sdr/GetLogin.do (accessed December 2012). 

Catalan Waste Agency, 2009b. Viabilitat de la recollida i tractament de bolquers d’uns 

sol ús a Catalunya (in Catalan). Barcelona, Spain. 

Catalan Waste Agency, 2011. Procés de Compostatge: caracterització de mostres (in 

Catalan). Barcelona, Spain. 

Colón, J., Ruggieri, L., Sánchez, A., González, A., Puig, I., 2011. Possibilities of 

composting disposable diapers with municipal solid wastes. Waste Manage Res 

29, 249-259. 

EDANA, 2008. Sustainability Report 2007-2008. Absorbent Hygiene Products.  

Environment Agency, 2004. Time to change? An Environment Agency study of 

parental habits in the use of disposable and reusable nappies. Environment 

Agency, London. UK. 

Espinosa-Valdemar, R.M., Turpin-Marion, S., Delfín-Alcalá, I., Vázquez-Morillas, A., 

2011. Disposable diapers biodegradation by the fungus Pleurotus ostreatus. 

Waste Manage 31, 1683-1688. 



19 

 

European Commission, 2000. Working Document on Sludge, 3rd draft. 

http://ec.europa.eu/environment/waste/sludge/pdf/sludge_en.pdf (accessed 

December 2012).  

Eurostat, 2009. Population Data Centre. 

http://epp.eurostat.ec.europa.eu/portal/page/portal/population/data/database 

(accessed December 2012). 

Gerba, C.P., Huber, M.S., Naranjo, J., Rose, J.B., Bradford, S., 1995. Occurrence of 

enteric pathogens in composted domestic solid waste containing disposable 

diapers. Waste Manage Res 13, 315-324. 

Hakala, S., Virtanen, Y., Meinander, K., Tanner, T., 1997. Live-cycle assessment, 

comparison of biopolymer and traditional diaper system. Technical Research 

Centre of Finland, VTT Tiedotteita – Meddelanden – Research Notes 1876 

Espoo. 

Huerta-Pujol, O., Gallart, M., Soliva, M., Martínez-Farré, F.X., López, M., 2011. Effect 

of collection system on mineral content of Biowaste. Resour Conserv Recy 55, 

1095-1099. 

Ikem, A., Nwankwoala, A., Odueyungbo, S., Nyavor, K., Egiebor, N., 2002. Levels of 

26 elements in infant formula from USA, UK, and Nigeria by microwave 

digestion and ICP–OES. Food Chem 77, 439-447. 

Klauss, M., Bidlingmaier, E., 2004. Pilot scale field test for compostable packaging 

materials in the City of Kassel, Germany. Waste Manage 24, 43-51. 

Madhavan Nampoothiri, K., Rajendran Nair, N., Pappy John, R., 2010. An overview of 

the recent developments in polylactide (PLA) research. Bioresource Technol 

101, 8493-8501.  



20 

 

Manfredi, S., Tonini, D., Christensen, T.H., 2010. Contribution of individual waste 

fractions to the environmental impacts from landfilling of municipal solid waste. 

Waste Manage 30, 433-440. 

Ministerio de Educación, 2010. Panorama de la educación. Indicadores de la OCDE 

2010 (in Spanish). Madrid; Spain.  

Ministerio de la Presidencia, 2005. REAL DECRETO 824/2005, de 8 de julio, sobre 

productos fertilizantes (in Spanish). 

http://www.boe.es/boe/dias/2005/07/19/pdfs/A25592-25669.pdf (accessed 

December 2012). 

OECD, 2006. Starting Strong II. Early childhood education and care. Organization for 

Economic Co-operation and Development.  

Pognani, M., Barrena, R., Font, X., Sánchez, A., 2012. A complete mass balance of a 

complex combined anaerobic/aerobic municipal source-separated waste 

treatment plant. Waste Manage 32, 799-805. 

Ponsá, S., Gea, T., Alerm, L., Cerezo, J., Sánchez, A., 2008. Comparison of aerobic and 

anaerobic stability indices through a MSW biological treatment process. Waste 

Manage 28, 2735-2742. 

Ponsá, S., Gea, T., Sánchez, A., 2010. Different indices to express biodegradability in 

organic solid wastes. J Environ Qual 39, 706-712. 

Ruggieri, L., Gea, T., Mompeó, M., Sayara, T., Sánchez, A. 2008. Performance of 

different systems for the composting of the source-selected organic fraction of 

municipal solid waste. Biosystems Eng 101, 78-86. 



21 

 

Ruggieri, L., Gea, T., Artola, A., Sánchez, A., 2009. Air filled porosity measurements 

by air pycnometry in the composting process: a review and a correlation 

analysis. Bioresource Technol 100, 2655-2666. 

Runeman, B., 2008. Skin interaction with absorbent hygiene products. Clin Dermatol 

26, 45-51. 

Smith, A., Brown, K., Ogilvie, S., Rushton, K., Bates, J., 2001. Waste management 

options and climate change. Final report to the European Commission. DG 

Environment.  

The Council of the European Union, 1999. Directive 1999/31/EC, of 26 April 1999 on 

the landfill of waste. Official Journal of the European Communities; 1999. 

http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:1999:182:0001:00

19:EN:PDF (accessed December 2012). 

The US Department of Agriculture and The US Compost Council, 2001. Test Methods 

for the Examination of Composting and Compost. Houston: Edaphos 

International. 

The US Environmental Protection Agency, 1995. A Guide to the Biosolids Risk 

Assessments for the EPA Part 503 Rule. 

http://www.epa.gov/owm/mtb/biosolids/503rule (accessed December 2012). 

Vink, E.T.H., Rábago, K.R., Glassner, D.A., Gruber, P.R., 2003. Application of life 

cycle assessment to NatureWorksTM polylactide (PLA) production. Polym 

Degrad Stabil 80, 403-419. 

Visscher, M.O., 2009. Update on the use of topical agents in neonates. NAINR 9, 31-

47. 



22 

 

Wee, Y.J., Kim, J.N., Ryu, H.W., 2006. Biotechnological production of lactic acid and 

its recent application. Food Technol Biotech 44, 63-72.  



23 

 

Table 1. Estimation of diapers used in licensed child care units by country (%) (2009). 

Country 
Used 

diapers 
(millions) 

Percentage of 0-3 
years olds using 

licensed child care 
arrangements 

Diapers used in 
licensed child care 

arrangements * 
(millions) 

Diapers used in 
licensed child care 
arrangements (%) 

Denmark 252.21 83.00 52.25 20.72 

Sweden 423.31 66.00 69.24 16.36 

Norway 233.15 44.00 25.41 10.90 

Finland 229.82 35.70 20.39 8.87 

Netherlands 709.97 29.00 51.21 7.21 

Belgium 487.00 27.60 33.18 6.81 

France 3,140.93 27.00 208.34 6.63 

United 
Kingdom 

3,015.00 26.00 191.14 6.34 

Portugal 400.74 25.00 24.95 6.23 

Italy 2,199.33 18.70 102.10 4.64 

Ireland 279.00 15.00 10.10 3.62 

Austria 299.80 10.00 7.54 2.52 

Hungary 375.55 9.30 8.78 2.34 

Germany  2,647.16 8.60 56.48 2.13 

Czech 
Republic 

455.20 0.50 0.54 0.12 

 
Source: Own elaboration based on Environment Agency (2004), OECD (2006) and 
Eurostat (2009).  
 
* Considering that in average children go to the nursery 5 days a week and use 2 diapers 
per day. For those children between 1 and 2 years old, the average number of school 
days of primary school in the OECD countries – 187 days per year (Spanish Ministerio 
de Educación, 2010) or 37 weeks per year – has been considered. Children less than 1 
year old are considered to attend the nursery 21 weeks per year.  
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Table 2. Properties of the used organic fraction of municipal solid wastes once mixed 

with bulking agent in a volumetric ratio (1:1). 

 

Parameter Value 

Dry matter content (%) 40.7 

Organic matter content (%, dry basis) 73.0 

pH (1:5 w:v extract) 4.7 

Elec. conductivity (1:5 w:v extract, mS cm-1) 4.4 

Nitrogen (Kjeldahl) (%, dry basis) 1.8 

C/N ratio 23.0 

Respiration index (mg O2 g
-1 OM h-1) 4.3 

Bulk density (kg L-1) 0.5 

Air-filled porosity (%) 50.0 

Impurities (%)* <1 

 

* Impurities were determined by manual separation. They mainly correspond to plastics and paper. 
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Table 3. Degradation of compostable diapers during the lab-scale incubation 

experiments.  

 

Sample 

Total 

solids 

(g)  

Total 

diapers C 

(g) 

ATn                            

(g CO2 g
-1 

DM) 

CO2 emitted 

(g) 

C emitted 

(g) 

C emitted 

by diapers 

(g) 

C biodegraded 

(%) 

Control 100.00 0 0.12 ± 0.04 11.8 ± 0.2 3.2 ± 0.1 - - 

D1 142.80 17.9 ± 0.2 0.29 ± 0.01 41.2 ± 0.6 11.3 ± 0.2 8.0 ± 0.2 44.7 ± 0.2 

D2 142.80 17.6 ± 0.6 0.29 ± 0.03 40.8 ± 0.8 11.1 ± 0.3 7.9 ± 0.3 44.0 ± 0.4 
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Table 4. Properties of the final compost obtained with and without diapers. Class A 

compost requirements according to Spanish legislation are also shown (Ministerio de la 

Presidencia, 2005). 

 Parameter 
Composts 

without diapers 

Compost with 

diapers 

Spanish 

legislation 

(Class A) 

Dry matter content (%) 60.28 50.23 60-70 

Organic matter content (%, dry basis) 47.37 54.09 >35 

pH (1:5 w:v extract) 7.86 8.06 No value 

Elec. conductivity (1:5 w:v extract, mS cm-1) 3.51 2.76 No value 

Nitrogen (Kjeldahl) (%, dry basis) 2.31 2.10 No value 

C/N ratio 11.64 14.62 <20 

Respiration index (mg O2 g
-1 OM h−1) 0.98 1.06 No value 

Bulk density (kg L-1) 0.38 0.40 No value 

Air filled porosity (%) 60 58 No value 

E. coli (CFU g-1) 40 37 <1,000 

Salmonella (presence/absence in 25 g) absence absence absence 

Nickel (mg kg-1, dry matter basis) 21 8 25 

Lead (mg kg-1, dry matter basis) 49 12 45 

Copper (mg kg-1, dry matter basis) 56 31 70 

Zinc (mg kg-1, dry matter basis) 176 120 200 

Mercury (mg kg-1, dry matter basis) 0.06 0.08 0.4 

Cadmium (mg kg-1, dry matter basis) 0.3 0.2 0.7 

Chromium (mg kg-1, dry matter basis) 15 14 70 

Chromium VI (mg kg-1, dry matter basis) <0.50 (absence) <0.50 (absence) <0.50  
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Legends to figures 

 

Figure 1. Cumulative CO2 production during the laboratory analysis of compostable 

diapers respiration.  

 

Figure 2. Temperature profile measured during the full-scale composting process. 

Environment temperature was within 10 and 20ºC. 

 

Figure 3. Evolution of respiration index during the composting process of the organic 

fraction of municipal solid wastes, with and without diapers (standard deviation for 

respiration index triplicates is represented for each point). Vertical dotted line separates 

decomposition (forced aeration process) from maturation (turned pile process) stages. 
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Fig. 1 
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Fig. 2 
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Fig. 3 

Time (days)

0 20 40 60 80 100

D
yn

am
ic

 r
es

pi
ra

tio
n 

in
de

x 
(m

g 
O 2 
g 

M
O

-1
 h

-1
)

0

1

2

3

4

5

6

DRI with diapers
DRI without diapers

 

 

 

 

 


