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Abstract  
 
The mechanical treatment of wastes produces rejects which are deposal into landfill. In the future, the national 
legislation bans to deposal biodegradable materials into landfill. In this study a gas generation potential and 
odour compounds of two different rejects in anaerobic conditions are determinate. The gas formation test in 21 
days GB21, a landfill gas concentrations, odour intensity and odorous volatile organic compounds (VOCs) were 
analysed. The gas formation of unrecyclable materials exceeds the acceptance limit value 20 Nl/kg dry matter 
and the average concentration of methane was 31 %. A relative high concentration of hydrogen sulphide was 
also determined. An inoculated mixture of studied rejects produced the gas with very high odour intensity, 
4 200 000 odour units per a cube metre, as determined by dynamic olfactometry. The most odorous VOCs were 
reduced sulphur compounds and hydrocarbons which were a result from gypsum in screening fines and plastics 
in unrecyclable materials, respectively. The gas emissions and odour problems caused by the studied rejects 
should take into account planning operations on the reject landfill. A source separation of gypsum drywalls on 
construction and demolition sites avoids gypsum from rejects. 
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1 Introduction 

 
The Finnish legislation bans to deposal into landfill untreated waste. According to this banning, the collected 
wastes are treated mechanically and/or biologically in waste treatment facilities (WTF). A mechanical treatment 
process at WTF was observed to identify the unit processes from which rejects are generated when construction 
and demolition (C&D) debris and industrial process waste are threated to produce refuse derived fuels (RDF). 
The quantity and quality of rejects depend on the number of different unit processes and the quality level of the 
end product.  
 
At WTF, an incoming waste is pre-sorted where large recyclable materials, such as wood and metals, are 
removed. In addition, all materials which are unrecyclable or unsuitable for processing are removed. A reject 
from pre-sorting is very heterogeneous with large particles. A screening fine is homogeneous with particle size < 
20 mm. Two rejects from sink-float vary, one of the rejects is heterogeneous with heavy particles such as bricks 
and concrete, the other is very fine homogeneous material. For this study unrecyclable materials (UM) from pre-
sorting and screening fines (SF) were chosen. The rejects are disposal to landfill and some of the rejects, as SF, 
are utilized in landfill construction.  
 
In the future, the national legislation bans to deposal biodegradable materials into landfill. According to this 
prospective banning a gas generation potential and odour compounds in anaerobic conditions need to be 
determinate. The gas formation potential (GB21) test as an analytical method to determinate the biological 
stability of rejects was applied from literature (Heerenklage & Stegmann 2005). The results are utilized improving 
both treatment processes to reduce the biodegradable fractions of rejects and landfill operation to reduce 
emissions and odour. In Finland there are not determinate limits for gas production potential so the limits from 
Germany are adopted (Fricke et al. 2005). 
 

2 Material and Methods 

 

2.1 Methods  

 
The gas formation potential test (GB21) and a landfill gas (LFG) production for a gas analysis, odour intensity 
and volatile organic compounds (VOCs) analysis were carried out. The tests were performed in two different 
sizes of laboratory scale reactors in volume one litre and ten litres. The samples were collected at the field, 
transferred to the laboratory and prepared for tests according to the sampling plan based on standard SFS-EN 
14899:2006. Sampling at the field was performed on the basis of the technical reports of the European 
Committee for Standardisation for the characterization of waste. 
 
 
Sampling at the field 
 
The sampling of unrecyclable materials (UM) was carried out according to standard CEN/TR 15310-2:2006. The 
collection of a judgemental sample was performed in three phases. First, the load was mixed with an excavator to 
clamp and then both ends one quarter were removed. Second, the UM was sorted manually to 37 different 
fractions which can be grouped to biodegradable materials (e.g. cardboard), energy waste (e.g. plastics) and other 
(e.g. rubber, inert materials). The quantity of fractions was estimated by volume (litre and stacked cube metres). 
Third, all fractions were pre-treated to particle size < 200 mm, piled and mixed. The random sampling of 
screening fines (SF) was carried out according to standard CEN/TR 15310-3:2006. The subsamples from outside 
and inside of the reject heap were piled and minimized by quartering. Both samples were transferred to the 
laboratory and stored in cool for laboratory tests. The sampling procedure was documented. In the laboratory 
samples of both rejects were prepared to test samples by grinding and sieved to particle sizes < 10 mm and < 4 
mm. 
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2.2 The gas formation potential of rejects 

 
An anaerobic biological process to determinate the gas production potential in 21 days (the fermentation test, 
GB21) was carried out in a laboratory scale reactors (see Figure 1). The gas formation potential was tested with 
plain rejects, plain rejects with an inoculum, a mixture of rejects (a mixing ratio= 1:2 (w/w)), and a mixture of 
rejects with an inoculum. The test cell was a combination of two airtight glass bottles (volume one litre) and one 
plastic bottle. The bottles were connected with polyamide tubes. For the gas production 50 g of a sample with 
particle size < 4 mm was put into a reactor bottle with unoxidized purified water (Milli-Q™) until one litre. The 
test cells were performed in triplicate. Before sealing the reactor bottles an air space were unoxidized by nitrogen. 
The gas from a reactor was conveyed to another glass bottle filled with 25 % NaCl solution. The produced gas 
pressed the solution into a plastic bottle. The test cells were incubated in room at 35 º C and the solution in 
plastic bottle were measured by a graduated cylinder on work days. The result was calculated to litre in normal 
conditions (0º C and 1013 mbar) per kg in dry matter (Nl/kg DM). The pH of reactors measured (Metrohm® 
827 pH Lab Meter, USA Inc.) at the beginning and at the end of the test. 
 

 
Figure 1: The gas formation test cell on the 12th day. (Photo: Pirjo Korhonen) 

 
 

2.3 Landfill gas concentration, odour intensity tests and odorous VOCs  

 
The gas for LFG concentration, odour intensity and odorous VOCs analyses, an accumulated gas production 
reactor cells were performed according to the same procedure as GB21 exception that the particle size was < 10 
mm and 500 g of a sample was put in plastic containers with the volume of 10 litres (see Figure 2). The gases 
were collected into a sample bags (SKC SamplePro FlexFoil® Sample Bag and SKC SamplePro® Tedlar Air 
Sample Bag). The incubation in room at 35 ºC was 24 – 25 days. 
 

 
Figure 2: The accumulated gas production test cell. (Photo: Pirjo Korhonen) 
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The concentration of methane (CH4), carbon dioxide (CO2), oxygen (O2), hydrogen sulphide (H2S) and carbon 
monoxide were measured by a landfill gas analyser (GA2000, geotechnical Instruments Ltd, UK). The 
concentrations of CH4, CO2 and O2 were expressed in a percentage while H2S and CO were expressed in particle 
per million (ppm). At least two litres of the gas was needed for reliable determination. The limits of the analyser 
for H2S and CO concentrations were 200 ppm and 500 ppm, respectively. The reactor cells with UM produced 
enough gas for the reliable determination of LFGs.   
 
The odour intensity of three samples was determined by dynamic olfactometry according to the European 
Committee for Standardization EN 13725. The dilution of the samples was carried out with olfactometer 
ECOMA TO7 (Mannebeck ECOMA GmbH, Germany). A panel of four assessors performed the odour 
determination with three separate assay runs of each sample. The odour intensity was expressed as Odour Units 
(OU) per cube meter of gas. The OU is a count of dilutions performed until half of the panellists not sniff the 
odour of the sample. 
 
The analysis of the odorous VOCs was carried out from seven gas samples by thermal desorption, gas 
chromatography and mass spectrometry system (TD-GC-MS). The gas from sample bags collected in adsorption 
tubes (Tenax® TA Tube) by an air sampler (Alpha-2 Air Sampler, Ametek USA) during two minutes with air 
flow 100 ml per minute. In thermal desorption (TurboMatrix ATD, Automated Thermal Desorber, 
PerkinElmer, USA) VOCs from adsorption tubes was desorbed heating the tube to 300 ºC and concentrated on 
a cryotrab (-30º C). The cryotrap was heated to 300º C and the desorbed compounds were flashed with helium 
into the gas chromatography (Gas Chromatography Auto System XL, PerkinElmer Instruments, USA) and the 
mass spectrometry (TurboMass, Mass spectrometer, PerkinElmer, USA) system by column (Varian VF 5 ms, 
30m x 0.32 mm x 0.1 µm). 
 
The compounds were identified comparing the mass spectra with Wiley Library. The concentrations of 
compounds were calculated according to the standard curves of pure toluene in different concentrations. The 
result was expressed as micrograms in a cube meter (µg/m³). The odorous VOCs was identified by comparing 
the concentrations with an odour threshold in literature (e.g. Nagata 2003). 
 
 

3 Results and Discussion 

 
The studied rejects achieved the criteria for acceptance at non-hazardous landfill by the compliance test. 
However, the amount of total organic carbon (dry TOC, 60 w-%) and dissolved organic carbon (DOC, 2600 
mg/kg dry matter) in UM exceeded the acceptance limits, due to which, it should not be disposed of into the 
same cell with gypsum-based materials. The high TOC and DOC values were due to the biodegradable materials 
and plastics in UM.  
 

3.1 The gas formation potentials and landfill gas concentration 

 
In three reactor cells were measured gas production during 21 days. These reactors contained a sample of SF, 
UM and a mixture of rejects. The reactor cells were inoculated with digested sewage sludge. The reactor cells 
containing inoculated SF and an inoculated mixture of SF and UM produced gas from the beginning of the test 
period but the gas formation was quite low. The accumulated gas formation was 4.7 NL/kg dry matter for SF 
with inoculation, while a mixture of rejects with inoculation generated gas 8.4 NL/kg dry matter (see Figure 3). 
The gas formation in reactor cell containing inoculated UM started on the ninth day and the gas production was 
very high during nine days. The gas production was 40.9 NL/kg dry matter which exceeds the limit value 20 
Nl/kg dry matter set for GB21 in German and Austria (Cossu & Raga 2008). 
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Figure 3: The gas formation in three reactor cells and incubation temperature. 

 
According to the results of the gas formation test in 21 days, the studied rejects have the gas production 
potential in anaerobic conditions. However, as Binner and Zach (1999) stated that the GB21 test determines 
rather the gas production activity than potential. A few reasons were recognized why only three reactor cells 
were active. Firstly, the particle size was small (< 4 mm) which caused that UM afloat and for that reason wetted 
through slowly and microbes were not able to degrade material. Secondly, the SF contained gypsum 
(CaSO4·2H2O) which sulphate-reducing microbes degrade and produce H2S. A portion of H2S was dissolved in 
water in reactor bottles and NaCl solution which was clearly sensed as a smell of rotten egg. Furthermore, 
hydrogen sulphur inhibits methane production.  
 
The most of the accumulated gas production reactor cells generated gas. The highest production was measured 
in cells with UM.  The average concentrations of methane (CH4) and carbon dioxide (CO2) for UM were 31.1 % 
and 24.9%, for UM with inoculation 39.0 % and 39.1 % and for a mixture with inoculation 26.8 % and 27.2%, 
respectively. The concentration of hydrogen sulphide in the gas from the mixture of rejects with inoculation was 
relatively high, 186.3 ppm. In Table 1 is shown the average concentrations and the standard derivations of LFG. 
  
Table 1: The LFG concentrations of samples with UM. 

 

Sample 

CH4  

% 

CO2  

% 

H2S  

ppm 

CO  

ppm 

UM 31.1 ± 6.7 24.9 ± 0.9 3.3 ± 2.3 136.0 ± 102.4 

UM, inoculated 39.0 ± 1.6 39.1 ± 1.6 6.3 ± 8.4 46.7 ± 15.9 

Mixture of reject, 

inoculated 

 

26.8 ± 4.8 

 

27.2 ± 2.6 

 

186.3 ± 12.1 

 

>500 

 
 
Statistical analysis (Pearson correlation) shows that there is a significant negative correlation with the methane 
and hydrogen sulphide concentrations (r = -0.59, P < 0.05, n=9).   
 

3.2 Odour intensity and odorous VOCs 

 
The odorous reduced sulphur compounds (RSC) with H2S explained the high odour intensity (OI) in the gas 
from an inoculated mixture of studied rejects, 4 200 000 OU/m³ as determined by dynamic olfactometry. The 
OI in other two gas samples were 12 000 OU/m³ for UM and 43 000 OU/m³ for inoculated UM. The limit 
value for the odour is generally 3000 OU/m³.  
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Altogether 53 different VOCs were identified in six LFG samples and eleven exceeded their odour threshold 
(OT). The most odorous compounds were volatile reduced sulphur compounds (RSC) such carbon disulphide 
(CS2), dimethyl sulphide (DMS) and dimethyl disulphide (DMDS).  The odour thresholds of CS2, DMS and 
DMDS are 654 µg/m3, 1.6 µg/m3, and 8.5 µg/m3, respectively, while the OT of H2S is 0.00041 ppm (v/v) which 
is equal to 0.57 µg/m3 (Nagata 2003). In the gas from UM, the odorous VOCs were mostly hydrocarbons, such 
as 1-hexene, heptane, 1-oktene, and styrene. 1-hexene is formed when polyethylene degrades. The studied UM 
contained different plastics about 23 %. The OT of hydrocarbons is higher than SRCs. The odour descriptions 
of hydrocarbons are petrol or oil while the odour of styrene is penetrating and plastic.  The odours were sensed 
in the test room and defusing the reactor cells. 
 
 

4 Conclusions 

The results of this study can be discussed on global, regional and local level. On global level, the discussion 
covers the emissions in the air from reject landfills. According to the results of the laboratory scale tests the 
rejects from mechanical treatment facilities produce methane in anaerobic circumstances but the volume of the 
methane is too low to reclaim though the production continues years. On the local level, the discussion considers 
the reject landfill operations, working conditions and the local residents. Mixing rejects in the same cell with 
screening fines containing gypsum from C&D debris increase the concentration of the sulphur compounds in 
trace gases. To avoid the gas emissions and odour problems at the reject landfill and in a neighbourhood the cells 
should cover with materials which create environment favourable to the methane oxidizing microbes and adsorb 
odorous compounds. 
 
On the regional level the processes at the waste treatment facilities should evaluate and develop to produce less 
rejects. The rejects from pre-sorting need further treatment to separate the materials with high heating value (e.g. 
plastics) and biodegradable materials containing cellulose. The source separation of gypsum drywalls on 
construction and demolition sites enables the recycling of gypsum.  
 
Future research is needed for the characterisation of the rejects. Large scale field tests to identify suitable 
materials for daily cover to reduce methane and odour fluxes at operating reject landfill. 
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