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Abstract 

Combustion generated ultrafine particles are believed to have an effect on human 

health. Their presence in the atmosphere is mainly attributed to outdoor sources, 

but they may also form indoor. Gas cooking is commonly considered very clean, 

and particle free. However, even bluish flames of natural gas may produce a 

considerable number of sub-10nm particles if operating conditions deviate from 

stoichiometry and mixing at atomic level. These particles negligibly account for 

particulate mass but, due to their very low sizes, they can deposit far inside the 

airways and potentially reach target organs being dangerous although present in 

low mass concentration. The objective of this study is to characterize the exhausts 

of a domestic cooktop burner measuring stable compounds, gas-phase aromatic 

compounds and particulate matter and to collect nanoparticles for in vitro 

toxicological studies and to analyse their possible inflammatory effects. 

Combustion exhausts, including polycyclic aromatic hydrocarbons (PAH) and 

nanoparticles, have been sampled at 60cm above a mid-range cooktop burner fed 

with network natural gas. Tests have been performed in a free flame and by putting 

a pot on the burner in order to simulate operating conditions closer to the usual 

ones. Speciation of PAHs and the distribution of the particles generated during 

combustion has been measured. Measurements show that the flames produce and 

emit PAHs and particles in the size range 2.5-20nm in huge number concentration. 

Tests of cell viability when exposed to nanoparticles have been performed. 

Preliminary results of crystal violet assay have shown that reduction in cell 

viability is not observed with nanoparticles collected in a free flame whereas a 

small effect is observed by putting a pot on the burner. 
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Introduction 

Gas cooking is the most widely and frequently used indoor combustion process. It 

is commonly considered very clean and particle free. However, even bluish flames 

of natural gas may produce a considerable number of particles with sizes below 

10nm if operating conditions deviate from stoichiometry and mixing at atomic 

level [1]. The pollutants emitted by cooking activity consist of gaseous polycyclic 

aromatic hydrocarbons (PAHs), small nanoparticles and PAHs attached to solid 

particles [2]. Their concentration depends on several factors, for example 

ventilation, space confinement, cooking span, air humidity degree, cooking 

temperature. Emission levels are very low including nanoparticles which negligibly 

account for indoor particulate mass but, due to their very low sizes, they can 

deposit far inside the airways and potentially reach target organs being dangerous 

although present in low mass concentration. Many studies demonstrated that there 

is a correlation between cooking emissions and lung cancer [2-6]. In fact, because 

of long exposition, serious respiratory diseases occur in female population and in 

people working in commercial kitchens [7]. 

Also, the stove design, stove temperature, and cooking pot temperature influence 

the mass and size of particles emitted by biomass cook stoves [8]. 

In order to cope with all these variables, this work is focused on the study of 

particulate generated from gas cooking appliances in two different configurations: 

cooktop burner with pot and free flame. The exhausts have been characterized in 

terms of gas-phase composition, including PAHS, and particle size distributions. 

Moreover, particles have been collected in order to make them available for in vitro 

toxicological studies and to analyse their possible effects on growth and secretion 

of cytokines, chemokines and growth factors networks production in keratinocyte 

cells. 

 

Experimental methods 

1. Sample collection 

Particles collection has been performed on a mid-range cooktop burner fed with 

network natural gas which contains methane and ethane, lower percentages of 

higher alkanes and about 20 ppm of sulphur. Combustion products have been 

sampled at 60 cm above the stove. Tests have been performed in a free flame and 

by putting a pot on the burner in order to simulate operating conditions closer to 

the usual ones. A dilution ratio of the sampled exhaust gases with ambient air of a 

factor of 2 has been estimated on the basis of CO2 measurements. 

Figure 1 shows the experimental apparatus used for the sampling. 

Sgro et al. [9] have shown that nanoparticles produced in bluish flames have 

hydrophilic properties. By allowing interaction between nanoparticles and water, 

nanoparticles have been removed from the combustion exhausts and isolated in 

samples from soot and low molecular weight gas-phase organic products through 

an ice trap. The collection efficiency is about 40%.  
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In the free flame configuration a pyrex hood is located at 60 cm from the cooktop, 

and connected to the ice trap. In both cases, an adsorbent resin XAD2 is placed in 

connection pipe for collecting lighter organic compounds. 

 

  
Figure 1. Sampling system in pot on cooktop (left) and free flame (right) 

configurations. 

 

2. Analysis techniques 

Light organic samples have been obtained by dissolving the resin XAD2 in a 

solution of 0.5 ml of dichloromethane. Species identification was made by gas 

chromatography. HP5890 gas chromatograph equipped with an HP-5MS 

crosslinked 5% PhMe siloxane 30m x 0.25mm x 0.25mm film thickness column 

coupled with an HP5975 mass spectrometer with an electron impact/chemical 

ionization ion source has been used. Species identification was made by 

comparison with mass spectrum in Wiley computer library with 138.000 spectra. 

PAHs have been quantified individually by using the factors response of standard 

mixtures of twenty-five PAHs. 

Quantification and characterization of the species collected in the water samples 

have been performed by UV-vis absorption, inductively coupled plasma mass 

spectrometry (ICP-MS) analysis and ionic chromatography (IC) analysis.  

 

Results and discussion 

Concentrations of low and high molecular weight PAHs measured at the exhausts 

of the cook-top burner with a without a pot are reported in Figure 2. Although 

present in very low mass concentrations, 5 ng/l and 3.2 ng/l with and without the 

pot on the burner, respectively, PAHs are emitted during indoor activities.  
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Figure 2. Molar fraction of low (top) and high (bottom) molecular weight PAHs 

(red free flame; blue pot on the top). 

 

The size distribution of the particles generated during combustion has been 

measured on-line by a DMPS with a size limit down to 1nm. Measurements show 

that the flame produces and emits particles in the size range 2.5-20nm as shown in 

Fig.3. Their mass concentration is of the order of few ppb (1.5ppb), but they are 

present in huge number concentration (5x10
13

 #/cm
3
). By allowing interaction 

between nanoparticles and water, nanoparticles have been removed from the 
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combustion exhausts and isolated in samples from soot and low molecular weight 

gas-phase organic products.  
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Figure 3. Size distribution of particles generated during combustion in cooktop 

with pot (•) and ambient air (□). 

 

The chemical characterization of the collected material have been performed by 

UV-vis absorption, ICP-MS and IC. Results have shown that carbon nanoparticles 

of organic carbon and nitrates and sulfates are present in the collected material. 

The spectroscopic characteristics of the sampled material suspended in water, 

determined by UV-visible light absorption technique, are somewhat similar to 

those measured “in situ” in non-sooting laminar premixed hydrocarbon flames (see 

Fig.4). In particular, UV absorption spectrum of water-sampled material has a 

maximum around 200 nm and decreases very fast in the near UV. It is completely 

different from the typical absorption spectrum due to soot, which exhibits a broad 

maximum at 250 nm and decreases toward the visible with an inverse power law. 

The intensity of the 200nm-band does not decrease when the water-sample is 

subjected to the degassing process by means of a rotary evaporator indicating that 

this absorption band is not due to gaseous compounds dissolved in the water 

sample.  

The strong absorption bands centered at about 200 nm measured in the sample in 

water suspensions is typical of nitrogen-containing compounds, such as nitric acid, 

deriving from NOx interaction with water. This peak is superimposed to a 

continuous background of absorption very similar to the light absorption spectrum 

of nanoparticles of organic carbon (NOC, i.e., clusters of high-molecular mass 

aromatic molecules held together by van der Waals interactions) measured in rich 

flames. From these absorption spectra, the NOC concentrations have been 

estimated taking into account the optical properties, i.e., the absorption coefficient 

in the UV, of combustion generated NOC. 
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ICP-MS measurements performed on the water samples have shown that metals are 

present in trace amount and cannot be the source of nanoparticles detected in the 

water samples.  

To evaluate the presence of nitrates and sulphates, an ionic chromatography (IC) 

analysis has been performed. The chromatograms clearly show the presence of 

noticeable amounts of nitrates and sulfates deriving from the interaction of flame 

generated NOX and SOx with water. Their concentrations are however of the same 

order of magnitude of those found in drinkable water. 
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Figure 4. Absorbance profiles for free flame and cooktop with pot configurations. 
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Figure 5. Inflammatory expression of cytokines released by culture medium after 

exposure to 0.1 ppm of nanoparticles. 
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Regarding biological effects, preliminary results of crystal violet assay obtained on 

the material collected in the free flame have shown that reduction in cell viability is 

not observed also after a treatment of 72 hours with nanoparticles collected in a 

free flame. Moreover, ten cytokines released into the culture medium after 

exposure to 0.1ppm of nanoparticles were down regulated suggesting that the pro-

inflammatory pathway is not activated (Fig.5).  

These results are in contradiction with biologic effects observed by Pedata et al. 

(2013) on the same cell lines when treated with nanoparticles formed in bluish lab 

flames suggesting that nanoparticles formed in gas cooking devices have peculiar 

characteristics. It is important to study the change of nanoparticle characteristics 

when the flame structure changes for effect of putting a pot and even food on the 

cook stove, i.e., in operating conditions closer to the real ones. 

 

Conclusions 

Measurements show that the flame produces and emits particles in the size range 

2.5-20 nm. Their mass concentration is of the order of few ppb, but they are present 

in huge number concentration. 

The chemical and morphological characterization of the collected material has 

shown that carbon nanoparticles of organic carbon - 3 to 20 nm- and nitrates and 

sulfates are collected.  

Regarding biological effects, preliminary results of crystal violet assay have shown 

that reduction in cell viability is not observed also after a treatment of 72 hours 

with nanoparticles collected in a free flame. Moreover, ten cytokines released into 

the culture medium after exposure to 0.1ppm of nanoparticles were down regulated 

suggesting that the pro-inflammatory pathway is not activated.  
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