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Introduction 
Biogas typically refers to a gas produced by the anaerobic digestion or fermentation of organic 
matter including manure, sewage sludge, municipal solid waste, biodegradable waste or any 
other biodegradable feedstock, under anaerobic conditions. The typical composition of biogas 
(v/v %) is: 30-60% CH4, 15-30% CO2, 1-10% O2, 5-20% N2 and small and variable quantities of 
other compounds like H2S, NH3 and many volatile organic compounds (VOCs)

1
. Although 

amounts of trace compounds are low compared to methane, they can have environmental 
impacts.  
The biogas quality, regarding the presence of some trace compounds, is a determinant factor 
for its use as a biofuel. Elevated concentrations of certain trace components, such as sulphur 
compounds (sulphides, disulphides, thiols), siloxanes (organic silicon compounds), halogenated 
compounds and ammonia, can be harmful in many biogas applications

2,3
. Organosulphur and 

organochlorine compounds react with oxygen and water during the combustion process forming 
H2SO4 and HCl, which both contribute to the corrosion of the surfaces within the combustion 
chamber

4
. In addition, halogenated compounds might lead to the formation of dioxins and 

furans in combustion processes
2
. 

In this work, the presence of halogenated compounds in biogas has been assessed by different 
techniques. 
 
Materials and Methods 
Samplings have been carried out in different waste disposal facilities and from each of them 
several samples were taken and analyzed over a period of three years. During the samplings, 
the biogas was collected in several Tedlar® bags (1-2 L volume), adsorbed in Tenax TA and 
Carbotrap 349 tubes and also adsorbed in activated carbon columns. 
For the analysis of the halogenated compounds two parallel working plans were developed. 
Firstly, the determination of the chlorinated compounds was carried out by GC/MS from the 
Tenax TA and Carbotrap 349 tubes and Solid Phase Micro Extraction (SPME) of the Tedlar® 
bags samples. Secondly, AOX (adsorbable organically bound halogens) equipment was used to 
determine the total content of halogenated compounds (except fluorinated compounds) from the 
activated carbon samples. 
For the GC/MS determination, the equipment used for the analysis was a gas chromatograph 
(Agilent Technologies 6890N) with split/splitless injector, an additional injector Gerstel 
cis4+(PTV) and a horizontal Thermal Desorption System Gerstel TDS-2 coupled with a mass 
spectrometer (Agilent 5973N). A chromatographic column Agilent DB-624 (30 m x 0.25 mm x 
1.4 µm) was employed. For the AOX, the equipment used to analyze the samples was a Total 
Organic Halogen Analyzer (TOX-100 Mitsubishi Chemical Corporation). The TOX-100 consists 
of an Auto Boat Controller (ABC), the furnace and the micro-coulometric tritation cell. The ABC 
is the part of the equipment that introduces the sample into the furnace with the parameters 
established in the ABC program. The compounds leaving the furnace go through a dehydrating 
tube and subsequently go into the titration cell containing a solution of acetic acid 85% where 
the chloride is measured by a micro-coulometric detector. The methodology used is based on 
the determination of AOX by adsorption and coulometric tritation in water and wastewater. 
 
Results y Discussion 
The results for the concentration of the halogenated compounds detected in Tenax TA, 
Carbotrap 349 and SPME samples together with the TOX values are presented in Table 1. 
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Table 1.Concentration of halogenated compounds. Values of AOX 
 

 

 
 
AOX values were obtained for 10 samples. In six samples the value was obtained by two 
techniques; by GC/MS from Tenax TA and Carbotrap 349 tubes and SPME samples and by the 
TOX analyzer. It can be deduced that all the values are under 22 mg Cl/Nm

3
, which is far below 

the limit of 150 mg/Nm
3
 established in some Spanish Regulations for any use of the biogas. 

Regarding the samples in which AOX was determined by TOX and by GC/MS, it can be 
observed that the values are very similar. It must be emphasized that the concentrations 
obtained are very low so the results obtained are acceptable. 
Most of the compounds shown in Table 1 have been reported somewhere else

4,5
. The total 

amount of chlorine obtained in this study (0.120-21.5 mg Cl/Nm
3
) is comparable with the values 

obtained by other researchers
2,5,6

. However, higher amounts of chlorine have also been 
reported

2,4
. It is important to have concise data of the halogenated compounds present in 

biogas since a source of chlorine can lead to emissions of dioxins and furans from landfill gas-



 
 

fired combustion units. 
 
Conclusions 
The low chlorine content in the biogas studied makes it suitable for use as a fuel for electricity 
generating engines. The potential emissions of dioxins and furans from landfill gas-fired 
combustion units might remain below the most stringent standards for dioxin and furan 
emissions. 
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