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Abstract: Among the main pollutants emitted into the atmosphere by diesel combustion are the 
particles. Most of the studies suggest that the greatest impact on health by the particles is caused by 
some of the organic compounds such as the polycyclic aromatic hydrocarbons, which are highly 
toxic and carcinogenic compounds. Some of the strategies that are being implemented to mitigate 
these harmful particles emissions are the use of alternative fuels, such as biodiesel. In this research, 
the characterization of six fuels (diesel and five biodiesel, obtained from different raw materials) 
was carried out. Diesel:Biodiesel blends were prepared at 5, 10 and 20% of biodiesel on proportion 
to the diesel (B5, B10 and B20). Additionally, B100 was analyzed for some biodiesels. The particles 
emitted by the combustion of the different fuels were sampled and their concentration was 
determined. The organic compounds were extracted from the particles by ultrasound-assisted 
extraction and subsequently the polycyclic aromatic hydrocarbons (PAHs) were determined by gas 
chromatography coupled to mass spectrometry (GC-MS). In this study, it was observed that the use 
of biodiesel decreases the emission of particle concentration, but it is not significant. In the case of 
the concentrations of carcinogenic compounds (PAHs), the B20 biodiesel blends emissions had a 
statistically significant reduction compared to diesel emissions. 
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1. Introduction 

The particles [1] are among the main pollutants emitted into the atmosphere by the combustion 
of diesel. Most studies suggest that the greatest health impact from particles is caused by highly toxic 
and carcinogenic compounds, such as some organic compounds (especially polycyclic aromatic 
hydrocarbons) [2]. The United States Agency for Toxic Substances and the Registry of Diseases has 
considered 17 of them as priority pollutants based on their toxicological profile [3]. Some strategies 
to mitigate the emissions of harmful particles are the use of alternative fuels, such as biodiesel, which 
is less toxic than diesel, free of sulfur and aromatics, which is obtained from vegetable oils, waste oils 
or animal fats [4]. 
  



Proceedings 2018, 2, 1505 2 of 4 

 

2. Materials and Methods 

2.1. Obtaining Fuels 

Diesel used in this research was obtained from a PEMEX gas station in Mexico City, which meets 
the specifications established in NOM-016-CRE-2016. The commercial biodiesel was provided by the 
company “Biofuels de México S.A. de C.V”. The other four biodiesel were obtained in the laboratory 
through the transesterification process using different raw materials; the “biodiesel UAM” was 
obtained from used oil from the UAM Azcapotzalco cafetery, the “biodiesel Santa Fe” from oil of a 
Mexican snacks inn, the “biodiesel de Pollo” with chicken fat, the “biodiesel Rosticeria” from chicken 
oil of a rotisserie. The biodiesel was prepared to different blends: B5 (5% biodiesel, 95% diesel), B10 
(10% biodiesel, 90% diesel), B20 (20% biodiesel, 80% diesel) and in some cases B100 (100% biodiesel). 
Obtaining a total number of 18 mixtures of the different fuels. 

2.2. Sampling 

Particles sampling was carried out in the laboratory, implementing a sampling protocol. 
Particles emitted from the combustion of 1 mL of each fuel mixture were collected, all the samples 
were carried out in duplicate. Fiberglass filters previously conditioned at 300 °C for 12 h and 
subsequently stabilized at 24 °C and relative humidity <23%. 

2.3. Determination of Particles 

The particles mass was determined by the weight difference using an analytical balance (resolution 
of 0.1 mg). Subsequently, the average of each sample, the standard deviation and the coefficient of 
variation were determined. The concentration in mg of particles/mL of fuel was reported. 

2.4. Determination of Carcinogenic PAHs 

Organic compounds were extracted by ultrasound-assisted extraction (UAE) [5]. Polycyclic 
aromatic hydrocarbons (PAHs) were analyzed by gas chromatography-mass spectrometry (GC-MS, 
Agilent Technologies, Santa Clara, CA, USA). PAHs parent ions were quantified by their deuterated 
PAHs. Twenty PAHs were determined in the studied samples, including the 17 priority PAHs of the 
EPA [6]. 

3. Results and Discussion 

3.1. Particles 

Table 1, shows the results of the concentration of particles emitted by each fuel and their 
mixtures. Blends of B20 had lower particle concentration compared to blends of B5 and B10. This 
pattern could be observed in all types of the studied biodiesel; in the case of the filters with the diesel 
samples, it was obtained the highest concentrations of all fuel samples. These results show that the 
use of biodiesel reduces the amount of particles emitted. 

Table 1. Concentration of particles emitted by the combustion of each fuel (mg/mL). 

Blends 
Fuels 

Biodiesel 
Comercial 

Biodiesel 
UAM 

Biodiesel 
Santa Fe 

Biodiesel 
Pollo 

Biodiesel 
Rosticería Diesel 

B5 85.2 ± 2.2 82.5 ± 3.5 90.1 ± 5.0 92.1 ± 0.6 92.1 ± 4.9 

95.4 ± 0.1 
B10 79.1 ± 4.2 77.8 ± 4.5 84.3 ± 2.7 88.4 ± 2.7 89.6 ± 0.7 
B20 56.7 ± 3.2 70.4 ± 1.8 74.6 ± 0.9 70.7 ± 1.8 73.6 ± 0.1 

B100 5.4 ± 0 - - 5.7 ± 0 - 

3.2. Polycyclic Aromatic Hydrocarbons 

20 PAHs were determined, based on the 17 PAHs that the EPA considers as priorities. 
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In Figure 1 is possible to see the results of the total PAHs of all studied mixtures. The blends of 
the used cooking oils (biodiesel UAM and biodiesel Santa Fe) showed the highest concentrations of 
PAHs. Whereas, the blends of biodiesel from rotisserie and chicken fat presented the lowest 
concentrations. The mixtures of B20 had lower concentration of total PAHs in three of five of the 
studied biodiesel, only in the blends with biodiesel obtained from animal fat, the B20 mixtures had a 
higher concentration of PAHs than those in the B5 blends. 

 
Figure 1. Concentrations of total PAHs in the blends studied, in µg mL−1 of fuel. 

Figure 2 shows the concentrations of carcinogenic PAHs. The highest concentrations of 
carcinogenic PAHs were B5 and B10 blends of the biodiesel Santa Fe. On the contrary, the lower 
concentrations of carcinogenic PAHs were observed in the B5 biodiesel rosticeria and the B20 
comercial. The concentrations presented from diesel combustion were lower than most biodiesel 
blends; the only blends with lower concentration than diesel were the B5 rosticeria, B20 rosticeria, 
B20 UAM, B5 comercial and B20 comercial. 

 
Figure 2. Concentrations of carcinogenic PAHs in the blends studied in µg mL−1 of fuel. 

4. Conclusions 

• A reduction in particle concentration was observed when biodiesel blends are used. Although, 
this difference was not statistically significant (p > 0.05). 

• In the concentrations of carcinogenic PAHs a higher concentration was observed in the B10 
mixtures. However, there was only significant difference between B20 and diesel blends (p < 0.05). 

• The use of biodiesel does not make a significant difference in the emission of particles, but when 
using blends of B20 compared to diesel, the concentrations of carcinogenic PAHs decrease in 
most of the used biodiesel. 

• Therefore, the use of B20 blends would be recommended as a measure to reduce the emissions 
of carcinogenic compounds into the atmosphere. This recommendation is given by tests at 
laboratory level so it is necessary to perform tests with a diesel engine to observe the validity of 
the results obtained. 
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