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ABSTRACT 

The biological stability of municipal solid waste is one of the main issues related to the evaluation of the long-term 

emission potential and the environmental impact of landfills. The interest in mechanical biological treatment (MBT) prior to 

landfilling is actually growing. It aims to reduce the mass and the volume of the waste. Another target is a low 

environmental impact of the waste after its deposition. 

The evaluation of biological activity of waste can be performed by respiration tests, such as the AT4 determination. The 

aim of this study was to determinate the 4 days respiration index (AT4) of municipal solid waste (MSW) after MBT with 

OxiTop® OC 110 controller B6M – 2.5, device.  

The mechanical processing of municipal solid waste (MSW) took place in mechanical biological treatment (MBT) plant 

of Zöld Híd Régió Environmental and Waste Ltd, where commingled MSW was separated by size into three different 

fractions – 35, 50 and 80 mm. The composting process is conducted in adiabatic bioreactors, which ensure satisfactory 

conditions for the control of the process, during four weeks – time of stabilization. Some parameters, such as temperature 

and moisture, were measured over this time. 

Respiration index of three sizes of particles of waste was determined and followed during 4 weeks. In the end of the 

time of stabilization the AT4 values obtained were 9, 18 and 23 mg O2/g DM for particle size of 35, 50 and 80 mm, 

respectively. 
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1. INTRODUCTION  

Encouraged by the improvements in economic 

conditions, living standards have changed and the rate 

of consumption of materials increased as well. 

Subsequently, it induces production of large amounts 

and diversity of waste. This is being associated to the 

potential negative impacts on the environment. 

Environmental protection has acquired greater 

importance over the past years due to the increase on 

the ecological awareness, leading to stricter policies. 

Management of municipal solid waste (MSW) 

represents an important role in sustainable 

development. According to (European Landfill Directive, 

1999/31/EC) municipal waste is defined as, “waste from 

households, as well as other waste which, because of 

its nature or composition, is similar to waste from 

household.” This includes appliances, furniture, 

residential garden waste and domestic hazardous 

waste. Treatments applied to MSW are definitely 

necessary and are in accordance to new European 

legislation that establishes strong targets on the 
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reduction of biodegradable organic matter to be 

disposed in landfills. As a result, MSW is being treated 

in a large number of different facilities such as 

mechanical biological treatment (MBT), anaerobic 

digestion and composting plants. The main objective of 

these plants is to reduce the content of waste 

biodegradable organic matter and consequently to 

reduce its environmental impacts, such as greenhouse 

gas (GHG) and odor emissions, and soil and 

groundwater contamination (Barrena, et al., 2009).  

1.1 Municipal solid waste in Portugal 

The first strategic plan of solid wastes, known as 

PERSU I (National strategic plan for MSW), arose in 

1997 by the (European Directive, 75/442/EEC). The 

main objective of the PERSU I was to eliminate open 

dumps and divert the waste, according to specific 

quantified targets, to recycling, incineration and 

composting (Magrinho, et al., 2006). The PERSU I 

covered the period until 2006. In 2007, PESU II 

substituted PERSU I and it will be operational until 

2016. Its principal goals are to eliminate inefficiencies 

observed in the implementation of the PERSU I, such 

as, adapt EU legislation to Portuguese reality; 

rationalize the costs; encourage participation of all 

stakeholders, based on input from all of them; support 

incineration with energy recovery and MBT as 

solutions to MSW treatment; introduce separate 

collection of organic wastes and other measures to 

divert them from landfills, and maximize by-products 

utilization (Ioannis, 2013). 

The total production of MSW in Portugal continental 

was, in 2012, approximately 4.528 million tons, which 

correspond to an annual per capita of 454 kg/hab.year, 

i.e. a daily production of municipal waste of 1.24 kg per 

inhabitant. This represents a decrease of about 7.4% 

compared to 2011. In 2012, in Portugal continental, the 

total municipal waste collected, 85.9% comes from 

collection undifferentiated and 14.1% of separate 

collection. In regional terms it appears that in 2012, at 

the continental level, the region of Lisbon and Vale do 

Tejo had the highest production of municipal waste, 

followed by the North region, with 37.6 and 32.5%, 

respectively (Agência Portuguesa do Ambiente, 2014).                                      

Concerning to the physical composition of MSW 

consists of various types of materials and products at 

the end of life. 

 

 

 

 

 

 

1.2 Municipal solid waste in Hungary 

For decades, the dominant treatment of municipal 

waste in Hungary was landfilling. In the past, almost all 

municipalities operated one or more landfill sites, 

generally not constructed and equipped with 

technologies of modern waste management. These 

sites were basically waste dumps operated by the local 

councils at that time.  The Hungarian waste 

management regime is being developed continuously, 

especially from the beginning of the EU accession 

procedure in the late 90s. Aims, tasks and priorities of 

medium term development plans of national waste 

management were defined in the National Waste 

Management Plans (NWMP) prepared for six-year 

periods. The first NWMP was valid for the period of 

2003-2008, and the second for the next planning period, 

2009-2014 (Herczeg, 2013).  

Figure 1- Representative physical composition of Portuguese MSW, 
(Agência Portuguesa do Ambiente, 2014). 
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In Hungary approximately 4.7 million tons municipal 

solid waste generates per year and 85% of this quantity 

gets landfills. The quantity of produced MSW was 

between 4.5 and 4.7 million tons per year during the 

period of 2000-2004 and its volume increased slowly 

(Orosz & Fazecas, 2008). The level of generated waste 

in 2008 represents 56% of the level generated in 2000, 

this was mainly due to economic restructuring during 

this period and a reduction in industrial and agricultural 

waste (Mckenna, 2013).  

One third of MSW is generated in the Central 

Hungary Region due to the capital, Budapest, which 

contributes to this amount with 26%.The number of 

inhabitants and the specific quantity of waste, which is in 

connection with the state of development of a region, 

determinate the quantity of MSW in a region (Orosz & 

Fazecas, 2008). 

In last decade the physical composition of waste 

has not changed. 

 

 

 

 

 

 

 

 

 

 

 

1.3 Mechanical biological treatment 

Mechanical biological treatment of waste is the 

processing or conversation waste from human 

settlements with biologically degradable components via 

combination of mechanical and other physical 

processes with biological processes. It is applicable for 

the treatment of waste prior to depositing, but also for 

the production of refuse derived fuels (RFD) (Soyes & 

Plickert, 2002). Waste treatment plants defined as MBT 

integrate mechanical processing, such as size reduction 

and air classification, with bio-conversation reactors, 

such as composting or anaerobic digestion. Over the 

last 15 years MBT technologies have established their 

presence in Europe. MBT is emerging as an attractive 

option for developing countries as well (Velis, et al., 

2009). The main goals of mechanical biological waste 

treatment before deposit in landfills are: 

 Minimization of volume and mass of waste to 

be disposed in landfill; 

 Inactivation of biological and chemical 

processes within the waste in order to prevent 

the formation of gas and strong leachates; 

 Immobilization of contaminants of the waste to 

be disposed of in order to reduce leachate 

contaminant loading; 

 Higher tipping density with immediate 

consequence of reduce settlement processes 

within the landfill; 

 Reduction of leachate generation and 

extension of service life of the landfill site for 

waste disposal (Munich, et al., 2006). 

1.4 Biological stability 

Biological stability determines the extent to which 

readily biodegradable organic matter has decomposed 

(Barrena, et al., 2009). A material is considered stable if 

it contains mainly recalcitrant or humus-like material, it is 

not able to sustain high microbial activity. If the 

treatment efficiency of the waste biological treatment 

plants has to be determined a representative measure 

of the biological stability must then be used. This 

measure would permit the evaluation of current working 

Figure 2 - Representative physical composition of Hungarian MSW, 
(Orosz & Fazecas, 2008). 
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plants, the improvement of the biological treatment 

process, the design of optimized facilities and the 

potential impacts of the final products (Barrena, et al., 

2009).  

From the many methods that have been proposed 

in the past, the respirometric test is recognized as being 

the best method to measure biological stability (Adani, 

et al., 2006). 

1.5 Composting  

Composting can be defined like a natural aerobic 

process by which microorganisms transform putrescible 

organic matter into CO2, H2O and complex metastable 

compounds (Gómez, et al., 2006), under conditions that 

allow the development of thermophilic temperatures as 

a result of the heat produced by biological reactions. 

Composting is most efficient when the major 

parameters, like oxygen, nitrogen, carbon, moisture and 

temperature, which affect the composting process, are 

properly managed. 

Compost quality is an important issue since 

compost is thought to be beneficial for both agriculture 

and the environment. Like this, composting is used in 

solid waste management in order to convert organic 

waste into a stable compost-like material that may be 

used to cover the landfill. 

2. MATERIALS AND METHODS 

2.1 Mechanical-biological treatment plant 

The mechanically-biologically pretreated waste 

sample originated from Zöld Híd Régió Environemental 

and Waste Ltd. The facility is located in Gödöllő, 

Hungary, periphery of Budapest. In the Waste 

Management Center the collected mixed municipal solid 

waste were shredded in the mechanical pretreatment, 

followed the process the shredded waste separate in a 

drum screen in three different fractions, 80 mm, 50 mm 

and 35 mm.  

2.2 Materials  

Stabilization was performed in an 80 liter adiabatic 

drum composting bioreactors which ensured satisfactory 

conditions for the control of the process. The oxygen 

supply was adjusted to a flow rate of 30 dm3.min-1 with 

room air. Oxygen was supplied for 2 minutes every 20 

minutes. During the composting process the airflow 

applied was always the same. The system consists of 

an insulated container (adiabatic reactor), a control 

cabinet, an air supply system, a personal computer and 

a biofilter.  The temperature of the composting mix was 

measured using a thermometer made of platinum-

iridium amalgam. The measuring probe was placed in 

the center of the reactor. 

 

Figure 3 – Composting Bioreactor scheme. 1- Temperature 
measurement; 2- Air Out; 3- Air In (forced aeration system); 4- 
Leachate collection and circulation treatment; 5- Exhausted air 
treatment through biofilter. 

2.3 Samples  

According to the standards samples were collected 

weekly from each bioreactor.  The impurities, such as, 

glass, stone, plastic, metal, etc, were removed from the 

waste samples before preparation. The moisture content 

of samples was typically between 45-60%. 
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To determine the moisture content, a certain amount 

of sample was placed in a dry porcelain crucible, 

previously weighted by means of a balance PAG 

OERLIKON AG, Type: 300-9436/A 600C. Then, the 

crucible porcelain was introduced in the dryer during 24 

hours at 105 ºC. After cooling down, the porcelain 

crucible was re-weighted and the dry matter was given 

by the difference between the porcelain crucible with 

wet sample and the porcelain crucible with dry sample. 

2.4 Tests by OxiTop® 

The biological activity of the MSW was measured 

using the AT4 test. In order to carry out the respirometric 

test, a set including the OxiTop® OC 110 controller and 

B6M – 2.5 vessels with measuring head were used. The 

OxyTop apparatus consists of reaction vessels, 

adapters with fixing clamps and measuring heads. 

 

 

 

 

 

 

Figure 4 - Oxitop Control system, adapted from (Gulyás, et al., 

2013). 

Between 15-45 g of sample with accuracy of 0.1g 

was placed into a measuring cylinder 1 cm3. After weight 

was recorded the stabilized samples were placed into a 

2500 ml glass reaction bottle, which were closed tightly 

using an adapter with a measuring head fixed outside 

which contains an electronic vacuum sensor. Inside 

each bottle, there is an attachment secured to the 

adapter, on which the CO2 absorbent was placed. As 

absorbent it used sodium hydroxide 2M and sodium 

hydroxide beads. The measurement was performed at a 

temperature of 20 ±1 ºC. The sensor located on top of 

the vessels enables pressure readouts every 28 

minutes. The data on the negative pressure created in 

the vessel and recorded by the sensors were collected 

by means of the controller and converted into de volume 

of consumed oxygen. The results were collected within 

7 days. 

 

 

 

 

 

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Moisture 

First, the moisture content was calculated for a 

sample without biological stabilization treatment (week 

0). During the composting process the samples were 

taken on a weekly basis. The grab samples were 

collected and the moisture measurement was performed 

at room temperature. 

 

Table 3-1 Moisture content in dry basis for each MSW fraction at the 
end of each week of biological stabilization, at room temperature. 
The results are average (N=3). 

WEEKS 
MOISTURE CONTENT (%) 

35 mm 50 mm 80 mm 

0 62.8 72.2 77.4 

1 59.0 71.7* 78.2* 

2 39.9* 47.5* 69.2 

3 45.9** - 64.8* 

4 39.5 66.2* 61.8 

* The results are average (N=2); 
**The result is from a single sample (without repetitions). 

Figure 5 – OxiTop vessels containing samples, absorbent and 
negative pressure sensors. 
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3.2 Temperature  

Temperature is an important parameter affecting 

microbial activity, and variations in temperature affect 

the various phases of composting (Young, et al., 2005). 

During the time of biological stabilization, was measured 

the temperature in the three different reactors.  

 

 

 

 

 

 

 

 

 

 

 

 

The characteristic operating temperature during 

the composting process fluctuates between 20 and 70 

ºC. By analyzing the curves obtained, we can see that 

the temperature variation is between the expected 

values in the three reactors. The maximum values were 

58.6 ºC, 50.5 ºC, and 47.9 ºC for the reactors 1, 2 and 3 

respectively, and they were observed between the sixth 

and the eighth days. 

Relatively to reactor 1 with MSW fraction of 35 mm, 

the process started at ambient temperature, and the 

compost reached about 40 ºC. This is a consequence of 

the degradation of organic matter by microorganisms 

and it is related with the environmental conditions.  The 

temperature reached above 55 ºC, which ensured the 

destruction of the pathogen organisms. During the 

second week overall microbial activity decreased and 

temperature falls to ambient. As shown in the chart, the 

moisture content presented a decreased during the 

aerobic treatment of MSW. This is a typical behavior of 

the composting process because the increase of 

thermophilic range implies water vaporization. It is 

important to note that no extra water was added to bio-

reactors during the process.  

In reactor 2, with MSW fraction of 50 mm, the 

process also started at ambient temperature, and the 

compost reached about 30 ºC along the first week of 

biological stabilization. As seen for the reactor 1, the 

microbial activity also decreased, as well as the 

temperature. For this MSW fraction, the moisture 

content was 72.2% before the biological stabilization, 

and decreased till 66.2%. These values are between the 

typical values for composting process.  

Finally for reactor 3, with MSW fraction of 80 mm, 

temperature inside the reactor had the same behavior 

that the temperature measured in reactor 2. The 

moisture content also decreased over the time of 

stabilization as a result of water vaporization. Moisture 

content above 75% can inhibit the microbial activity, 

which may be related with the fact of the MSW didn’t 

reach a temperature of 50 ºC during thermophilic phase. 

3.3 AT4 with Oxitop 

The measurements of AT4 were performed at 

constant temperature of 20 ºC. However, it is important 

to notice that oscillations in temperature leads to 

changes in pressure, and subsequently in oxygen 

consumption measurements. For instance, at an initial 

pressure of 1000 hPa and temperature values of 20 ºC 

(293 K), an increase in temperature by 1 ºC causes an 

increase in pressure to 1003 hPa.  

In week 0 of AT4 measurement (before the 

stabilization treatment), the vessel with the MSW 

fraction of 35 mm was opened manually to aerate, 

because the oxygen’s amount available was not 

sufficient for the verified oxygen consumption. 

Figure 6 – Measurement of temperature in three different reactors 
during the time of stabilization. 



7 
 

The specific oxygen uptake rate (SOUR) was obtained 

according to the following equation, 

𝑆𝑂𝑈𝑅 =
𝑂𝑈𝑅

𝑚𝑇𝑆
 (3.1) 

Where, 

𝑆𝑂𝑈𝑅 - Specific oxygen uptake rate (mg O2.g-1 TS.h-1); 

𝑂𝑈𝑅 – Oxygen uptake rate (mg O2.dm-3.h-1); 

𝑚𝑇𝑆 - Mass of total solids in each OxiTop (g.dm-3). 

 

Table 3-2 Time of lag phase and Specific oxygen uptake rate 
(SOUR) for the three fractions of MSW at the end of each week of 
composting process, measured in Oxitop during seven days. The 
results are average ± stdev (N=3). 

FRACTION 
(mm) 

WEEKS 
SPECIFIC OXYGEN UPTAKE RATE 

(SOUR) 
(mg O2.g-1 TS.h-1) 

35 

0 0.3470.02 

1 0.1970.13 

2 0.1370.02* 

3 0.1010.00** 

4 0.0800.03* 

50 

0 0.2550.04 

1 0.2430.00* 

2 0.1860.06 

3 0.3640.16* 

4 0.2500.08 

80 

0 0.2390.06* 

1 0.3200.10* 

2 0.1680.00* 

3 0.2660.07 

4 0.3220.06* 

* The results are average ± stdev (N=2); 
**The result is from a single sample (without repetitions). 

 

The specific oxygen uptake rate (SOUR) is a simple 

static test used to assess compost stability (Lasardi & 

Stentiford, 1998). A higher degree of biological stability 

means a lower content of degradable organic fractions 

and consequently a lower SOUR. 

As shown in table 3-2, specific oxygen uptake rate of 

35 mm fraction decreases significantly along the 

biological stabilization process. At the end of 28 days of 

aerobic digestion, the compost material was more 

stable, presenting a lower SOUR, as was expected. 

Relatively to the MSW fractions of 50 and 80 mm, 

the results obtained were inconclusive. It was not visible 

a decrease of SOUR as expected. 

 

The biological activity of waste samples was 

calculated on the basis of the equation 3.2, 

 

𝐴𝑇4 =
𝑀𝑅(𝑂2)

𝑅. 𝑇
.
𝑉𝑓𝑟

𝑚𝑑
. ∆𝑝 (3.2) 

 

Where, 

𝐴𝑇4 – Respiration index of a sample (g O2/kg dry mass), 

𝑀𝑅(𝑂2) – Molar mass of oxygen, 

𝑉𝑓𝑟 – Free gas volume (dm3), 

𝑅 – General gas constant (dm3.hPa.(K.mol)-1), 

𝑇 – Measurement temperature (K), 

𝑚𝑑 – Dry mass in a sample (kg of dry mass), 

∆𝑝 – Pressure drop during measurement (hPa). 

 

 

 

 

According to the European Union regulation, the 

stability limit for this test correspond to 10 mg O2/kg DM, 

as shown in the graphs. So, from the results we can 

conclude about the stability of the compost over the time 
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Figure 13 – AT4 values between 0 and 4 weeks, for the three 
different size samples – 35, 50 and 80 mm. 
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of composting process and compare the difference 

between the three fractions of MSW. 

AT4 represents the cumulative oxygen uptake rate 

during the four days of maximum respiration activity 

without considering the lag initial phase. Test had the 

duration of seven days and AT4 was measured in the 

fourth day. 

Considering the MSW fraction of 35 mm, the sample 

as received shown a respiration index of 30 mg O2/kg 

DM, while the sample at the end of 28 days of aerobic 

digestion presented a respiration index below the limit 

imposed by EU. This allows us to conclude that the 

MSW sample of 35 mm, at the end of one month of 

biological stabilization, meets the requirements to follow 

to landfill. 

As we can see in the charts, cumulative oxygen 

uptake rate for MSW fractions of 50 and 80 mm 

increased its value in the first week of biological 

stabilization. In an initial stage, composts show low 

respiration activity because their biological activity is still 

starting up – typical lag phase of biological processes. 

The previous analysis showed that these samples, as 

received, had a day and half of lag phase. 

Consequently, the AT4 should have been measured at 

the end of five and half days (4 days + lag phase), to 

obtain a more viable result.  

In the second week of aerobic digestion, samples 

showed a significantly decrease of AT4  and remained 

roughly constant until the end of the composting 

process. Despite the observed decrease in AT4, these 

fractions don’t meet the minimum requirements to be 

landfilled. 

It is important to analyze the biodegradability of the 

three different MSW fractions as received. According to 

the mechanical pre-treatment characteristics, the 35 mm 

fraction had a higher easily biodegradable material 

content, while the 50 mm and 80 mm fractions had a 

higher biodegradable and non-biodegradable material 

content. The AT4 values obtained in week 0 are in 

accordance with this fact, since a lower percentage of 

easily biodegradable material represents a lower AT4 

value. 

4. CONCLUSIONS AND FUTURE TRENDS 

The suitability of some test methods for the 

characterization of the biological stability of pretreated 

waste before disposal in landfill and of waste deposited 

in landfills has been evaluated and several 

improvements have been proposed (Cossu & Raga, 

2008). There is no standard methodology in European 

Union to determine the oxygen consumption of 

municipal solid waste and regulation of landfilling the 

treated waste materials. Member countries of European 

Union have their own regulations and landfilling 

directives and these don’t correspond with each other. 

The main conclusions of this study are described below: 

 Respiration indices are a suitable technique to 

measure the effect of mechanical pre-treatment on the 

stabilization of municipal solid wastes that are intended 

to be biologically treated; 

 Respiration indices are a suitable technique to 

measure the effect of aerobic biological treatment of 

municipal solid wastes that are intended to be landfilled; 

 Static respirometric indices, like SOUR, can be 

used as a first approach to characterize the solid 

wastes, once it is an easy and quick technique. 

However it cannot be considered as the unique and 

reliable measure to monitor a biological process; 

 Cumulative respiration indices, like AT4, 

showed to be appropriate measure to characterize the 
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nature of the waste, as well as biological activity, 

avoiding the limitations of the static tests; 

 The quality and homogeneity of treated 

collected waste samples can influence highly the 

oxygen consumption, leading to different AT4 values; 

 More parameters, such as aeration and 

mixing/turning, should be studied and tested during the 

composting process for its corrected development. 

Respiration indices are now considered as key 

parameters in the determination of the biological stability 

of a compost, and hence, its quality. They are important 

useful tool to design the new mechanical and biological 

processes according to the nature of the waste and/or to 

implement improvements in the facilities/processes. So, 

more work needs to be done, since there are still 

different aspects that need more detailed investigation, 

both in the mechanical and biological treatments. 

 

NOMENCLATURE  

AT4 – Respiration index at 4 days 

DM – Dry mass  

GHG – Greenhouse gas  

MBT – Mechanical-biological treatment 

MSW – Municipal solid waste 

NWMP - National Waste Management Plans 

PERSU – Plano estratégico para os resíduos sólidos 

urbanos/ National strategic plan for MSW 
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