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Introduction 
Many developments in engine and converter technologies were made to reduce harmful diesel 
engine emissions. Emissions of smoke, particulate matter (PM), organic/elemental carbon, 
sulphur oxides (SOx), polycyclic aromatic hydrocarbons (PAHs), polychlorinated 
dibenzodioxins/dibenzofurans (PCDD/Fs), and odorous compounds from diesel engine 
exhausts have long been a concern

1
. The search for alternative fuels, which promise a 

harmonious correlation with sustainable development, energy conservation, efficiency and 
environmental preservation, as well as the presence of effective after-treatment devices have 
become highly pronounced in the present context

2
.
 

On one hand, biofuels may offer an opportunity to reduce some of the harmful emissions 
without expensive engine modifications

3
. On the other hand, catalytic diesel particle filters 

(DPFs) are an efficient environmental technology to eliminate emissions of soot and metal oxide 
nanoparticles formed during combustion of fossil fuels, lubricating oils, and fuel additives. 
Depending on the catalyst used, these filters can also convert polyaromatic hydrocarbons 
(PAHs)

4
. With these catalytic properties, DPFs should also reduce emissions of PCDD/Fs. 

In this study, effects of a DPF and of fuel type on diesel engine emissions regarding PCDD/Fs 
have been investigated. 
 
Materials and Methods 
Exhaust samples were obtained from the test stands of the University of Applied Sciences in 
Biel (UASB, Switzerland) using an EURO-3 heavy-duty diesel engine (Liebherr, type 934 D, 6.4 
L, 4 cylinders, 116 kW, Bulle, Switzerland) with direct fuel injection.The engine was operated in 
the 8-stage ISO 8178/4 C1 test cycle and the exhaust was either treated by DPF or not filtered. 
The fuels used in the experiments were commercial, low-sulfur diesel and biodiesel from 
rapeseed oil. Two new and identical wall-flow silicon carbide DPFs from DINEX were used in 
combination with an iron-based fuel additive. For worst case testing, a certain amount of 1,6-
dichlorohexane was added as chlorine dopant to the fuels. 
Sampling was performed according to the filter/condenser method described in European 
standard EN-1948–1

5
. For the analysis of PCDD/Fs, 9-13 m

3
 of undiluted exhaust were 

collected through an all-glass sampling arrangement consisting of a sampling probe, a cooler, a 
condensate separator, a glass fiber filter, and a two-stage adsorber unit (XAD-2). After sample 
collection, XAD-2 adsorbents and filter materials were extracted with toluene for 24 h using a 
Soxhlet apparatus. Aliquots of a 

13
C12-labeled 1,2,3,4,6,7-HxCDD standard were placed on 

quartz swab into the condensate separator prior to each sampling and aliquots of all seventeen 
13

C12-labeled 2,3,7,8-PCDD/Fs were added to the samples as quantification standards prior to 
purification. Sample cleanup was performed on an automated three column fluid management 
system on silica, alumina, and on carbon celite columns. 
 Analyses of PCDD/Fs were performed by gas chromatography and high-resolution mass 

spectrometry (MAT 95, Bremen, Germany) using a DB-DIOXIN (60 m x 0.25 mm x 0.2 m) 
capillary column. 
 
Results and Discussion 
Figure 1 shows emission profiles of 2,3,7,8-substituted PCDD/Fs of the heavy-duty diesel 
engine when operated with fossil fuel without and with a diesel particle filter after an operating 
time of 200 minutes. In both cases, the fuel used was blended with an iron-based fuel additive 
and some chlorine as dopant. In general, the filter causes a slight reduction in the PCDD/F 
emissions which is more significant for the hepta- and octa-chlorinated homologues. Regarding 
PCDDs and PCDFs, the effect of the filter is more prominent for the PCDDs. The total amount 
of the 2,3,7,8-substituted PCDD/Fs diminishes from 103 to 72 pg/m

3
 for tests without and with 

DPF, respectively. 
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Figure 1. Emission profile of 2,3,7,8-substitued PCDD/Fs. Effect of the diesel particle filter. 
 

Figure 2 compares emission profiles of 2,3,7,8-substituted PCDD/Fs of the heavy-duty diesel 
engine when operating with biodiesel and fossil fuel and DPFs after an operating time of 200 
minutes. Both fuels contained the iron-based fuel additive and some chlorine as before.  As can 
be observed, biodiesel causes a noteworthy increase in the emissions of PCDD/Fs. This 
increase affects the tetra- to hexa-chlorinated homologues whereas for the hepta- and octa-
chlorinated homologues the emissions are greater when using diesel. This effect of the 
biodiesel is much more relevant for the PCDFs, among which 2,3,7,8-TCDF reaches a value of 
262 pg/m

3
. The total amount of the 2,3,7,8-substituted PCDD/Fs increases from 72 to 395 pg/m

3
 

for the test carried out with diesel and biodiesel, respectively. 
 

 

 

Figure 2. Emission profile of 2,3,7,8-substituted PCDD/Fs. Effect of the fuel. 
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Conclusions 
Biofuels are interesting alternatives to substitute fossil fuels and with it lower overall CO2 
emissions. However, it is not clear yet, to what extent catalytic converter technologies are 
affected by these new fuels. From the findings reported in this study we conclude thatbiofuels 
can have a substantial impact on the dioxin formation potential of DPFs and that the new 
apparent risks have to be assessed as well for all catalytic DPFs, best before worldwide 
application. 
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