
21th ETH Conference on Combustion Generated Particles 

 
 
 
 

 

 

 

21
st

 ETH Conference on 

Combustion Generated Particles 
 

Zurich, June 19
th

 ï 22
nd

 2017 

 

Book of Abstracts 
Poster  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Status:31. Mai 2017



21st ETH Conference on Combustion Generated Particles 

 

 
2 

 

 

 Aakko-Saksa Päivi 

Affiliation VTT Technical Research Centre of Finland Ltd. 

Email paivi.aakko-saksa@vtt.fi  

Coauthors Päivi Koponen; Hannu Vesala; Pekka Piimäkorpi; Minna Aurela; Olli Sippula 

Publication title Analysing Elemental Carbon from Ship Particulate Matter: Artefacts and 
Possible Solutions 

Publication type Poster 

Introduction & 
Background 

International Maritime Organisation (IMO) is evaluating needs for control of 
Black Carbon (BC). Although EC is not a commensurable definition with BC, it 
is often discussed with the BC results. The EC determination using thermal-
optical principle is challenging, particularly when samples contain minerals, 
organics or sulphates and bound water substantially. In this work, several 
pathways to alleviate artefacts in the EC analysis from ship PM were studied, 
including different temperature programs, extraction procedures and using 
constant split time as a quality control method. The Shipping Emissions in the 
Arctic ï Black Carbon (SEA-EFFECTS BC) project in the Arctic Seas 
programme of Tekes aims at more reliable BC measurements from ships. The 
PM samples were collected from a marine diesel engine at VTTôs engine 
laboratory. 

Methodology x 

Results & 
Conclusions 

Minerals or oxygen containing compounds in PM may lead to underestimated 
EC, while transformations in the sample (or leak in the instrument) may lead to 
the pre-oxygen split and overestimated EC. In this work, the EUSAAR2 (prEN 
16909) and NIOSH 5040 with two peak temperatures (870 °C and 750 °C) 
were studied. The EUSAAR2 protocol suited best for the ship PM samples as 
its peak temperature in the inert mode is sufficiently low and temperature rise is 
sufficiently slow to avoid premature evolving EC and unintentional changes in 
the samples. Prolongation of EUSAAR2 was needed to avoid overlapping of 
the last sample peak and the methane calibration peak for samples from diesel 
engines using distillate-type fuels. 
 
EC may be biased when PM contains a large amount of organic carbon (OC) 
prone to pyrolysis, though the determination of the split point based on 
recording of the laser intensity over the analysis takes this into account. In this 
work, samples were extracted with water, alcohols and organic solvents prior to 
the analysis to remove OC and other soluble constituent that may interfere with 
the analysis. Extractions led to irregular changes in the EC results. 
Furthermore, OC cannot be determined after the washing procedure.  
 
Interpretation of thermograms for ship PM samples was challenging, if the 
samples contained liquid compounds. When samples were wet, the laser 
throughput drop in the first temperature step may be interpretated as the start 
of pyrolysis, though it is due to drying of filters. For the wet samples, manual 
split point determination was needed. 
 
The optical correction may lead to high differences in the EC results, though 
thermograms of the EC part were similar. The round-robin EC results were 
depended on a laboratory, personnel and generation of the instrument even 
when the EC part of thermograms was similar. When using the constant split 
time, the EC results were similar in different laboratories. The constant split 
method seemed feasible as the quality control method for the EC analysis.  
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Introduction & 
Background 

Locomotives with diesel engines are widely spread worldwide and are an 
important source of air pollution. Pollutant emissions by locomotive engines 
affect air quality inside passenger trains. This study is aimed at investigation 
of air pollution by ultrafine particles (UFP) inside passenger trains and a 
comparison with some other transportation modes like buses and cars. The 
gained data provide a basis for assessment of passengersô exposure to this 
dangerous pollutant.  

Methodology The ultrafine particle number concentrations inside passenger train carriages 
were measured by a diffusion size classifier (DiSC, Matter Engineering AG, 
Switzerland). This device is a small, easily portable, battery operated 
instrument and is therefore well suited for field measurements. Previously 
reported results of experiments with this instrument revealed that the 
measured particle number concentrations agree well with those gained with 
condensation particle counter. The time resolution of this instrument enables 
measurement of transient engine operation modes. 

Results & 
Conclusions 

Concentrations of UFP inside the carriages of push-pull trains are found to be 
dramatically higher when the train operates in pull mode. Minimal average 
UFP number concentrations (NC) measured in a train operating in pull mode 
are higher by a factor of 2.2 and by a factor of 2.4 than the average UFP NC 
value reported for car cabins (4.5·104 cm-3) and for buses (4.2·104 cm-3), 
respectively. The highest levels of air pollution by UFP are observed inside 
the carriages of pull trains close to the locomotive, whereas average UFP NC 
in these wagons are found to be higher by up to an order of magnitude than 
in car cabins. UFP concentrations are substantially lower in diesel multiple-
unit trains as compared to those measured in trains operating in the pull 
mode. Significant influence of the train movement regime on UFP NC inside 
a carriage is found. 
Average UFP concentrations measured in the intercity buses using the same 
methods and instruments as in trains, were found to be relatively low ï in 
average approximately 1.5·104 cm-3. This value is lower by a factor of 6.6 
than minimal average UFP concentrations measured in a train operating in 
pull mode. The obtained results show that UFPôs air pollution inside a bus is 
considerably higher at the back seats. 
Effective measures could be undertaken at affordable costs and in a short-
term to substantially reduce passengersô exposure to air pollution inside 
trains (e.g. retrofitting locomotive engines with particle filters or even with 
more effective combined NOx-PN reduction systems; using HEPA filters in 
the carriage HVAC system, etc.). Further investigations in this field can 
contribute significantly to reduction of train passengersô exposure to harmful 
ultrafine particles. 

Author CV: Viktoria Abramesco holds ME in Mechanical Engineering degree from the 
Technion - Israel Institute of Technology. 
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Introduction & 
Background 

Exposure to ultrafine particles (UFP, < 100 nm) has become a serious threat for 
the urban population since their levels are associated with a variety of adverse 
health effects, particularly cardiovascular and pulmonary disease. Many 
combustion processes are a direct source of UFPs, with road traffic being a 
major contributor in urban areas. However, freshly emitted UFPs have a short 
atmospheric lifetime and their chemical and physical properties rapidly change in 
time and space. Knowing the underlying mechanism of these dynamic behaviors 
and exposure effects requires long-term studies, which still remains unclear in 
the most populous areas with highly polluting vehicles. 

Methodology This work presents fall-time spatiotemporal variation of UFPs across the city of 
Tehran, one of the largest cities in the Middle East and Asia, using a combination 
of stationary and mobile monitoring. Seven fixed-site air quality monitoring 
stations (3 roadside and 4 residential background) were selected to capture 
diurnal patterns of UFP, while mobile monitoring was conducted in a typical 
downtown area during evening rush hour (5-7 pm). To cover the whole spectrum 
of urban-specific, traffic-related UFP characteristics, stationary sites were 
distributed in different urban environments, and mobile monitoring routes 
consisted of four different road types including highways, main streets, local 
streets and low traffic intensity roads. The study focused on measuring the 
spatial and temporal variation of total particle number concentration (PNC) and 
count mean diameter of UFPs, with their potential relationship to traffic, 
meteorological and other pollutants records. 

Results & 
Conclusions 

The diurnal pattern of UFPs revealed higher concentrations of particles in both 
roadside and background stations, compared to clean large cities (e.g. Zurich). 
Daily average of PNC reached to 75,000 cm-3 with a mean diameter of 48 nm 
for roadside and 45,000 cm-3 with a mean diameter of 54 nm for background 
stations. For both types of stations, PNC had reasonable correlation with traffic 
intensity variations, and increased monotonically in morning and evening rush 
hour peaks. On the other hand, GIS techniques used to map UFP metrics 
showed that highway environments are influenced by extremely high particle 
concentrations with small diameters (622,000 cm-3 and 24 nm), whereas streets 
with low traffic intensities are characterized by larger particles (80,000 cm-3 and 
40 nm). Furthermore, a correlation analysis was conducted between PNC and 
concentration of other urban-derived pollutants measured simultaneously in air 
quality monitoring stations. The non-parametric Spearmanôs rho indicated strong 
positive correlation with PM2.5 (rho = 0.72) and PM10 (rho = 0.62), and 
moderate positive correlation with CO (rho = 0.55), which suggests same source 
of emission and similar mechanisms of atmospheric dispersion. Correlation 
analysis also revealed weak positive relationship of PNC with NO2 (rho = 0.20) 
and negative moderate relationship with O3 (rho = -0.42) and SO2 (rho = -0.51), 
which is consistent with previous studies. 
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Caption Figure 1: 

  
Diurnal variation of PNC and mean diameter for roadside (red box plot) and 
residential background (blue box plot) stations. 

Caption Figure 2: 

 
Box plot of PNC and mean diameter as a function of road type for mobile 
monitoring study area. 

Author CV: Mohammad Afroughi was born in Shiraz, Iran, 1992. He received B.Sc. in 
mechanical engineering from Sharif University of Technology, Iran, in 2015. In 
2016, Mohammad started his M.Sc. program at University of Alberta under the 
supervision of Dr. Olfert and Dr. Kostiuk. His works mainly includes 
understanding soot particle formation during hydrocarbon pyrolysis.  
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Introduction & 
Background 

Tehran megacity, capital of Iran and the nation largest metropolitan area, is one of 
the worldôs most polluted cities. During recent years about one-third to half of the 
days each year were reported polluted, mainly due to PM2.5 exceeding national 
standard levels. These particles contain chemical contents such as organic trace 
elements, toxic metals and carbonaceous components particularly in the 
nanoparticles size fractions with major effects on population health. Hence, it is 
essential to determine the components of these particles. The present study aims to 
identify the major components including organic and elemental carbon and heavy 
metals of PM2.5 and their temporal variations in Tehran.  

Methodology PM2.5 samples were collected in a typical residential station at Sharif University of 
Technology, in Tehran. The quartz and Teflon filters were loaded by 24-hr samples 
every 6 days for a full year from February 2014 to February 2015, using two low-
volume ambient air samplers. In order to determining the total mass concentration 
of PM2.5 and its components gravimetrical and chemical analyses were performed. 
These analyses includes thermal evolution/optical transmittance (TOT), ion 
chromatography (IC), sector field inductively coupled plasma-mass spectrometry 
(SF-ICP-MS), and gas chromatography mass spectrophotometry (GC-MS), which 
were performed at the Water Science and Engineering Laboratory and the 
Wisconsin State Laboratory of Hygiene at the University of Wisconsin-Madison. 
Hence, most components of particles including carbonaceous content, ions, toxic 
metals, and organic tracers were determined. 

Results & 
Conclusions 

The main constituent of airborne particles were determined to be carbonaceous 
components (organic matter and elemental carbon) with mean contribution and 
concentration of 47% and 11.32±2.52 ɛgmī3, respectively (Fig 1). This high 
contribution indicates the significance of anthropogenic urban sources in Tehran 
(mainly combustion by mobile sources), which are also known as important sources 
of nanoparticles. These components were dominant during the study period except 
hot and windy periods, which dust contribution was very high. The levels of more 
than 100 organic compounds such PAHs, n-alkanoic acids, as n-alkanes, n-alkenoic 
acids, aliphatic, aromatic dicarboxylic acids, and key tracer organic compounds and 
heavy metals, such as Cd, Cr, Ni, V, Pb, and Zn, which are mainly in nanoparticles 
fraction and have undesirable effects on health, were determined. The most 
abundant heavy metals were Zn and Pb, with maximum monthly averages of 0.23 
and 0.19 ɛg/m3, respectively. As an example the monthly variation of several PAHs, 
which are mainly known as combustion product nanoparticles, are presented in Fig 
2. These components generally had higher levels in cold seasons due to several 
reasons such stable atmospheric conditions, increased combustion rates, and cold 
starts. Most of these metals and organics are mainly originated from fuel oil 
combustion, break abrasion, and tire wear. 
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Caption Figure 
1: 

  
Chemical composition of ambient particulate matter in Tehran 

Caption Figure 
2: 

  
Monthly concentrations of main PAHs in particulate phase in Tehran 
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Introduction & 
Background 

Indoor air quality (IAQ) has become a global health issue due to rapid 
urbanization resulting into construction of air tight high rise buildings 
affecting the indoor environments. People spend 80-90% of their time inside 
the indoor environments compared to ambient environment making IAQ 
assessment a sin qua non.  
This study evaluates the level of respirable suspended particulate matter 
(RSPM) (i.e. PM10, PM2.5 and PM1.0) along with thermal comfort 
parameterôs (i.e. temperature and relative humidity) and itôs characterization 
in one of the selected mechanically ventilated underground metro station 
(UMS) platform in Delhi city, India. This is the first comprehensive IAQ 
assessment which carried out in Delhi metro rail system so for. 

Methodology Hourly average PM10, PM2.5, PM1.0 and thermal comfort parameters (i.e. 
temperature and relative humidity) has been monitored in the middle of the 
platform using pre-calibrated environmental dust monitor (GRIMM Model 
1.107) and IAQ monitors (GRIMM Aerosol Technik, 2003; YESAIR, 2012), 
respectively. The fixed ambient monitoring has been carried out 
simultaneously at roof top of the metro station 
Total RSPM mass was collected on 47 mm PTFE filters using GRIMM 
1.107. A total of 7 Polymeric samples were collected, both indoor and 
outdoor environment and a blank filter for reference. After carbon coating, 
particles has been characterized using a ZEISS EVO50 SEM (ZEISS EVO 
50 model) with a spatial resolution of 2.0 nm at 30 kV with 0.2 to 30 kV 
acceleration voltage and magnification of 5X to 1000000X. The ZEISS SEM 
was equipped with EDX, thus being able to obtain information on 
morphology and elemental composition of the particles. The analyses has 
been carried out at the Central Facility Unit of the Indian Institute of 
Technology (IIT) Delhi (India). 

Results & Conclusions Critical winter period diurnal monitoring has been done for a week in the 
month of January. Figure 1 whisker shows the ranges (i.e. 5 and 95% data 
distribution) of indoor and outdoor hourly average of PM10, PM2.5 and 
PM1.0 concentrations. PM10 concentration has found significantly highest 
in the UMS platform i.e. 2.6 times higher than the indoor acceptable limit. 
Past studies also report much higher RSPM concentrations in UMS platform 
compared with the other transport modes or surface platforms (Adams et 
al., 2001; Carteni et al., 2015; Martins et al., 2016; Seaton et al., 2005). 
Indoor/outdoor (I/O) ratio for PM10, PM2.5 and PM1.0 is 1.3, 0.9 and 0.7, 
respectively indicating that the PM10 concentration are generating internally 
within the UMS, but, PM2.5 and PM1.0 are infiltrating from outdoor 
environment. 
The morphology was characterized using SEM technique. The particles 
shows a wide range of morphologies under the SEM, from agglomerates 
(related to train movements within UMS and vehicle exhaust emissions at 
outdoor environments) and crustal forms (related to mineral components) 
(Figure 2). This physicochemical characterization suggested Fe as the main 
component in underground RSPM. This is in line with previous studies 
suggesting its origin from mechanical abrasion between rails, wheels and 
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brakes (Jung et al., 2012; Kam et al., 2013; Martins et al., 2016; Querol et 
al., 2012). 

Caption Figure 1: 

  
Boxplot and pie charts shows the percentage distribution of indoor and 
outdoor RSPM concentrations. 
 

Caption Figure 2: 

  
SEM images of the RSPM collected on the PTFE filters during winter 
season at selected UMS platform. 
 

Author CV: PRAVEEN BABU: Praveen Babu is a Senior Research Fellow from Indian 
Institute of Technology (IIT) Delhi, Ph.D. Full Time. My area of interest is 
indoor air quality (IAQ): monitoring, modelling and management in indoor 
environments. As a teaching assistant at IIT Delhi, I have expertise in 
various Bachelor level and Masters level courses in environmental 
engineering (including, Air pollution and control; Air Quality Modelling; 
Industrial waste management, pollution prevention and control; 
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MUKESH KHARE: Mukesh Khare is a Professor, Environmental 
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private industries. Prof. Khare continues to serve as peer reviewer for 
several government ministries grants programs and state programs and 
consultant/advisor to the Government of NCR Delhi. 
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areas include formulation of air quality models and their validation; indoor 
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Publication type Poster 

Introduction & 
Background 

Fossil fuels are nowadays the main source of energy for combustion engines. 
This is mainly because of their high energy density, ease of storage and quick 
refueling process. As the emission regulations become more and more 
stringent, it gets harder for combustion engine manufacturers to adapt 
themselves to the new regulations. Especially with the advent of electric 
engines, it is now more vital to develop new emission control and reduction 
strategies for combustion engines. Although Diesel engine, as the main prime 
mover in todayôs industry, offers better fuel economy in comparison with other 
combustion engines, it generates normally higher levels of emissions. 
However, a handful of techniques could be used to overcome this issue. 
Today, EGR (exhaust gas recirculation) has become a must in Diesel engine 
design, by which the NOx emissions are reduced noticeably, as it decreases 
the peak combustion temperature in the engine. However, it normally leads to 
higher soot formation rates. One promising solution to tackle this problem is 
the application of non-constant fuel injection rates. 

Methodology In the present work, a combination of EGR and variation of injection rate has 
been used to keep both NOx and soot emissions at an acceptable level. To do 
so, a two-dimensional multi-zone phenomenological Diesel engine 
combustion model has been developed. The model consists of several sub-
models for spray development, fuel atomization, evaporation, combustion, and 
emission formation. The fuel spray is divided into several small packets called 
zones, and consequently, the equations for conservation of mass and energy 
are solved for each individual zone at each time step, from which the cylinder 
temperature and pressure are calculated. Additionally, the formation of 
emissions is tracked as soon as the combustion starts. Moreover, Parallel 
processing programming techniques have been utilized, which reduce the 
computational time of the model considerably, making it a fast and reliable 
tool for combustion simulation. 

Results & 
Conclusions 

Using the model, different rates of EGR are applied, which as expected, 
shows a noticeable decrease in NOx emissions. Thanks to the modular 
design of the model, injection profile can be changed easily. Instead of using a 
constant rate injection, three different injection patterns are used. First, an 
upward step profile is used, in which fuel is initially injected with a lower and 
then with a higher rate. After that, a downward step profile was applied, which 
injects the fuel first with a lower and then a higher rate. Finally, a combination 
of the above profiles is used, i.e. the fuel is injected initially at a low rate, then 
the injection rate is increased, and finally decreased again. It is shown that 
use of EGR with a combined injection pattern at the same time can keep the 
NOx and soot emissions of the Diesel engine at an acceptable level. 

Author CV: Name: Mehdi Bagheri 
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Phone 017680525973 
E-Mail mehdi.bagheri@campus.tu-berlin.de 
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Publication type Poster 

Introduction & 
Background 

We present the objectives, the impacts and first results of the Horizon 2020 
Green Vehicle project ñDownToTenò. This project is developing a robust 
methodology that will enhance the regulatory approach towards particle 
number (PN) emissions in the sub-23 nm region. The focus is on the newest 
generations of direct injection gasoline and diesel engines under real world 
conditions. 

Methodology Based on detailed investigations of the nature and characteristics of these 
particles, DownToTen is 
evaluating a variety of sub-23 nm PN measurement instruments and sampling 
approaches, using rigorous criteria under conditions of challenging aerosol 
from a variety of sources. The objective is a PN-Portable Emission 
Measurement System (PEMS) demonstrator with high efficiency in determining 
PN emissions of current and future engine technologies in the real world. 
 
DownToTen also aims to assess the fraction of particles left out of control and 
assist the better 
understanding of exhaust particle impacts on air pollution. Furthermore, the 
particle and sampling dynamics that lead to a bias between PEMS and CVS 
measurements are modelled. 

Results & 
Conclusions 

We present the first results on the iterative way to the PN-PEMS demonstrator. 
Important factors like robustness against artefacts (re-nucleation, growth of 
subcut particles), losses of (solid) particles, storage/release effects of gas 
phase compounds are assessed in detail by multiphysical simulations and 
experiments. Special attention is drawn to losses of secondary aerosol 
precursors within the primary dilution stage. A scheme of the preliminary 
sampling setup for testing in the synthetic aerosol laboratory is shown in Figure 
1. 
 
This setup was designed to maximize the penetration of non-volatile particles 
below 23 nm while limiting the effects of gaseous artefacts. The selection of 
the setupôs components (primary and secondary dilution stage, conditioning 
system, mixing elements, measurement devices) in order to meet the 
aforementioned criteria are based on experimental and theoretical data. The 
success in meeting these criteria is evaluated by comparing the sampling 
setup to a PMP reference system. Critical components are discussed in detail. 
CFD simulations and particle penetration optimizations based on the 
simulation results are presented. 
 
The suppression of artefacts is emphasized. This is achieved by a systematic 
multi-step modification process which results in the presented setup. 
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Caption Figure 1: 

  
Schematic illustration of the preliminary sampling setup 
 

Caption Figure 2: 

  
CFD simulation of porous tube dilutor including a static mixer and a flow 
splitter 
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Introduction & 
Background 

With the intention of developing an electrostatic precipitator (ESP) for small-
scaled biomass combustion systems, several laboratory and field tests were 
carried out. During these field tests, samples of the three ash fractions of 
different biomass boiler systems were taken and then analyzed. The main aim 
of the ESP development is to be able to separate the fine dust out of the 
exhaust gas of biomass boilers with a maximum nominal heat output of 160 
kW. By applying this secondary emission reduction measure, it should be 
possible to meet the new German legal limits for the fine dust emissions from 
biomass combustions. But by minimizing the flue gas ash content ï as aimed 
by the politics ï the amount of the collected ash, which has to be extracted by 
the operator increases. Especially the inside the precipitator collected ash is 
known from literature to be very harmful and toxic. Since several utilization 
and disposal methodologies for biomass ashes from large scale combustions 
exist, the ashes from small scaled and in private households used biomass 
heating systems are not analyzed or recognized in detail. By knowing the 
exact chemical and physical characteristics of the different ash fractions of the 
small scaled biomass combustion systems, suited disposal or if possible new 
utilization paths should be developed. Especially the properties of the 
precipitator ash should be investigated in detail, therefore several ash 
samples of different ESPs were taken, analyzed and compared. 

Methodology The ash samples were taken by using several different field test biomass 
boilers, which are originally operated for the development of the electrostatic 
precipitator (ESP). But in addition to the self-developed ESP, also other ESP 
types from different manufactures were used to obtain ash samples of the 
precipitator ash. The used field test systems differ concerning the used fuel, 
the nominal heat output and the applied emission reduction system. The 
sampling of the ashes was carried out by using an especially for the small 
scaled application developed sampling procedure. This sampling procedure 
was developed by following the already for the large scaled application 
existing procedures and regulations. Hereby the LAGA PN98 was the main 
source for the development of the downscaled ash sampling procedure. For 
each field test set-up, samples of the three different ash fractions were taken: 
Coarse or grate ash, heat exchanger or cyclone ash and precipitator ash. All 
three fractions were chemically and physically analyzed. By using SEM and 
particle sizer technology, the physical characteristics were determined. By the 
use of aqua regia digestion with inductively coupled plasma mass 
spectrometry ICP-MS (DIN EN ISO 17294-2) the heavy metal analysis was 
carried out. To analyze the nutrient content of the ashes, procedures such as 
inductively coupled plasma optical emission spectrometry ICP-OES (DIN EN 
ISO 11885) were used. Concerning the dioxine and general organic content, 
e.g. gas chromatographyïmass spectrometry GC-MS (DIN EN ISO 14154) 
was used. 

Results & Conclusions Starting with a description of the tasks and issues which are addressed by the 
presented work, the especially for the small scale application developed 
sampling procedure is presented and discussed. Future optimizations of the 
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developed procedure and suggestions for an adjustment or an addition of the 
already existing sampling procedures are described. Examples of the results 
of the chemically and physically analysis from different field test set-ups are 
shown and discussed. The results from the field test set-ups differ concerning 
the used fuel (pellets or logwood), the nominal heat output (35 - 160 kWth) 
and the ESP type. As an outlook, a first overview of possible disposal or 
utilization paths by facing the results of the ash analysis, is shown. 

Caption Figure 1: 

 
Electron microscopy images of a sample of precipitated ash which was 
extracted out of the electrostatic precipitator. Picture (a) was taken with a 
magnification of 1.000 and (b) with a magnification of 15.000. The square in 
picture (a) marks the area which was enlarged and which is pictured in (b).  

Caption Figure 2: 

 
Schematic view of a field test set-up, which was used to obtain the ash 
samples. 
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Introduction & 
Background 

The health effects of aerosols have been a topic of much interest and 
research in recent times [Foster and Kumar, 2011; Patankar and Trivedi, 
2011; Langrish and Mills, 2014; Greenstone, 2015; Newby et al., 2015; 
Brunekreef & Hoffmann, 2016]. 5.5 million people die prematurely worldwide 
each year due to fine (PM2.5 i.e. particles with aerodynamic diameter less 
than 2.5 micrometers) and ultrafine particles (UFP i.e. particles with 
aerodynamic diameter less than 1 micrometers ) [AAAS, 2016]. Outdoor air 
pollution is a major causes of morbidity and mortality in India [Lozano et al., 
2013; Vos et al., 2015]. The deposition of inhaled particles inside the human 
respiratory tract is dependent upon the particle diameter [Buzea et al., 2007] 
and fine and ultrafine particles easily penetrate deep into the human system 
and translocate to other parts of the body enabling them to enter deeper into 
lungs, causing both acute and chronic adverse health effects such as asthma, 
cardiovascular and ischemic heart diseases due to systemic inflammation 
[Smith et al., 1993; Smith et al., 2003; Oberdorster et al., 2005; Pope 2015]. 
The present paper investigates the effect of such fine and ultrafine particles in 
causing cardiovascular diseases (CVD) and also correlates the lifestyle and 
dietary habits with such CVD to better understand and relate closely the 
contribution of aerosol on CVD.  

Methodology A case cross over study was designed and carried out at a semi urban 
location, the Indian Institute of Technology (IIT) Delhi campus from July 2016 
to December 2016. Firstly recruitment of volunteer subjects (security guards) 
was done through a detailed health, dietary and pollution exposure 
questionnaire with strict inclusion and exclusion criteria like being non-
smokers, non-alcohol drinkers and not on any kind of medication etc. The 
sampling was carried out at the five gates of the IIT Delhi campus at which the 
subjects did their duties for 8 hours each. The subjects were exposed 
continuously to traffic generated smoke and other aerosol at the location. The 
mass and number concentration of PM2.5 and UFP were measured using 
Portable Wide Range Aerosol Spectrometer (Mini WRAS-1371). On each day 
of sampling, the blood pressure (BP), saturation of peripheral oxygen (sPO2) 
and pulse rate of participants were measured using BP meter, and pulse 
oximeter. In case of any abnormal reading, the sampling for that participant 
was not carried out. The participants were tagged with ECG holters for 8 
hours duration and an activity chart was provided to the participants to record 
for any abnormal activity that can affect the ECG like running or emotional 
distress during the sampling period. The Mini WRAS was run at exact same 
time as ECG holter and for the exact same duration as the ECG recording 
period at 1 minute interval frequency. Thereafter the number and mass 
concentrations of aerosol were compared with ECG patterns to identify for 
cardiovascular diseases in consultation with a cardiologist. The lifestyle and 
dietary details of subjects obtained from the detailed health questionnaire 
were also analysed and correlated with CVD. 

Results & 
Conclusions 

The incidences of CVD increases with the increase in the concentration of fine 
and ultrafine particles. Even in relatively cleaner Monsoon season period, the 
ambient aerosol concentration was mostly above the permissible standards in 
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Delhi and cases of CVD were reported. Due to an increases in compressed 
natural gas (CNG) usage in vehicles and public buses, the nano size particles 
have increased in Delhiôs air and the recent increase in CVD cases may be 
attributed to it especially to people exposed to traffic smoke like the subjects 
in our study. People with a history of smoking or drinking, excess non-
vegetarian or oily food intake habits, having little or no physical exercise, more 
sugar and less water intake have more chances of developing CVD and the 
exposure to aerosol may increase the chances of CVD in such cases. More 
long duration case crossover studies are required to better understand these 
results. 
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Introduction & 
Background 

Residential wood combustion has been assessed to be one of the major 
source of particulate emission, polycyclic aromatic hydrocarbons (PAHs), 
and other gaseous pollutants, such as CO, CH4 and volatile organic 
compounds (VOCs). The intense wood burning emissions in combination 
with boundary layer dynamics in winter time makes this source an important 
contributor to adverse health and environmental effects (Schauer et al., 
2001). Recent literature studies have also shown that a large portion 
(~80%) of secondary organic aerosol (SOA) mass originates from the aging 
process of non-traditional precursors not accounted for in models (Bruns et 
al., 2016). Current legislation limits the emission of particulate matter, but 
does not regulate the precursors potentially forming SOA. Till date, the 
investigation of gas phase emissions from wood combustion and their SOA 
formation potential have largely focused on single combustion devices with 
limited variations of the operating conditions.  

Methodology As both, primary emissions and SOA formation are a strong function of 
device type, fuel load and type, and operating conditions, we have 
performed a detailed study in a secondary aerosol formation chamber 
investigating the factors responsible for the variability in gas-phase and 
particle phase emissions from beech wood logs, beech wood chips and 
pellets using seven types of combustion devices, namely:  
1. Pellet boiler (15 kW) with advanced combustion technology at different 
combustion conditions: optimum, lack and high excess of oxygen,  
2. Two-stage combustion logwood boiler (30 kW), 
3. An industrial wood chip grate boiler (150 kW) at full and part load 
operation (100% and 30% load) with electrostatic precipitator, 
4. Pellet stove with standard combustion technology (varying heat output: 2-
6 kW), 
5. Single-stage combustion log wood stove (6 kW), 
6. Two-stage combustion log wood stove (4.6 kW), 
7. Two-stage combustion log wood stove (8 kW). 

Results & Conclusions Using a potential aerosol mass reactor (PAM), the physical and chemical 
effects of different aging conditions were monitored with an SMPS, an 
Aethalometer, an HR-ToF-AMS, as well as a PTR-ToF-MS and additional 
gas monitors. The short residence time in the reactor allowed a time 
resolved picture of SOA production potential and reduced wall losses. In 
general, significant SOA mass enhancement is observed in high excess 
oxygen conditions compared to optimum and oxygen deprived combustion 
conditions (Figure 1). For single-stage combustion log wood stove, the 
highest concentrations of non-methane organic gases (NMOGs) are emitted 
during start of each burn cycle and the lowest at the end of each burn cycle. 
Despite of the comparable NMOGs emissions in the log wood stove during 
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flaming and burn out phase and during excess air conditions in the pellet 
boiler, the percentage contribution are largely occupied by SOA precursors 
(C>6) in the stove compared to the pellet boiler. Higher combustion 
temperatures and optimized combustion conditions (air-to-fuel ratio of 1.5-2) 
in the industrial boiler (942-1027 °C) and in the pellet boiler (589-852 °C) 
resulted in lower NMOGs and aged OA production. In addition, OA:POA 
ratios of aged aerosol in the log wood stove have also been observed to be 
6-27 times higher than in the pellet boiler depending on operating 
conditions. Overall, an increase in the emissions has been observed with 
decrease in temperature and increase in excess air conditions above an 
optimum operation range.  
We investigated the relationship between operational parameters (such as 
air-to-fuel ratio and combustion temperature) of the combustion devices, 
and emissions composition and relative emission factors. Further, we also 
present the relationships between gas phase emissions and composition 
with their SOA formation potential to ascertain the contribution of residential 
wood burning to the total carbonaceous OA budget.  

Caption Figure 1: 

 
Aged OA emission factors (left axis) and Aged OA: POA ratios (right axis) 
for pellet boiler (air-to-fuel ratio: reduced, optimum and elevated), industrial 
boiler (part and full load) and single stage combustion log wood stove 
(Combustion phases: cold start, flaming, burn out and reload) under 
different operational conditions. 
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Introduction & 
Background 

Arsenic contamination in groundwater is an alarming issue in Terai region 
(the low-lying land at the foot of the Himalayas) of Nepal as ground water 
serves as major drinking water source; therefore it is required to decrease 
arsenic below maximum permissible limit (50ppb). Among the various 
nanoparticles used for heavy metal removal iron oxide nanoparticles 
(FeNPs) are magnetically responsive adsorbents that offer high adsorption 
capacity, rapid adsorption rate, regeneration, simple separation and ease in 
recovery. Therefore, this study focuses on surface modification of FeNPs 
and their application in removal of arsenic from water. 

Methodology In this study, we report coprecipitation method of synthesis of FeNPs and a 
supercritical carbon dioxide (ScCO2) assisted green chemical technology 
was used to synthesize 2-mercaptobenzothiozol modified iron oxide 
nanoparticles (MBT-FeNPs). MBT-FeNPs were used to remove arsenic 
from water. Various techniques were used to characterize magnetic 
nanoparticles (FeNPs) and starch modification on FeNPs surface viz., 
transmission electron microscopy, scanning electron microscopy, Fourier 
transform-Infra red spectroscopy and vibrating sample magnetometer. To 
optimize the arsenic removal experiment parameters adsorption of As (III) 
from aqueous solution was measured in batch experiments. The effect of 
pH (2-12), kinetics time (0ï480 min), adsorption isotherms (initial 
concentration 5ï30 mg/ L) of As (III) and effect of temperature (30ï50°C) 
were studied. 

Results & Conclusions Results showed highest arsenite (AsIII) removal in a synthetic laboratory 
solution of 10 ppm was 99.7% at pH of 6 with MBT-FeNPs and while 
complete removal of arsenic from groundwater sample was attained within 
five minutes using MBT-FeNPs. Arsenite adsorption agreed well with 
pseudo-second order kinetic model and Langmuir isotherm model. 
Adsorption of arsenite on MBT-FeNPs reached 140.8 mg/g at pH of 6. 
MBT-FeNPs could be regenerated in NaOH solutions and could retain more 
than 50% arsenite removal capacity even in fifth regeneration/reuse cycle. 
On the basis of these findings it can be concluded that FeNPs and MBT-
FeNPs can be utilized as an effective, convenient, and cost effective 
adsorbent for the treatment of arsenic contaminated water. 
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Introduction & 
Background 

Ambient air consists mainly of nitrogen and oxygen, additionally it is 
polluted by particulate matter (PM), nitrogen oxides (NOx), and ozone (O3). 
Epidemiological studies have associated these air pollutants with 
cardiovascular and pulmonary diseases (e.g. asthma), potentially leading to 
premature deaths [1-3]. Complementing these studies with in vitro or in vivo 
models is important, to gain a better understanding of the potential hazard 
at the cellular level and to eliminate confounders (e.g. smoking). 
 
Our aim was to evaluate the usability of a portable in vitro exposure system 
to detect adverse effects. Proof of concept was performed using ambient air 
(in summer and winter), where a multi-cellular human lung model was 
directly exposed at the air-liquid interface. 

Methodology A portable system containing two exposure chambers was placed on a 
balcony in Fribourg, Switzerland (Figure 1). Ambient air was pumped 
through one chamber with a constant flow of 2 L/min. In parallel, filtered 
medicinal air was applied to the other chamber. The multi-cellular lung 
model (epithelial 16HBE14o- cells combined with macrophages, and 
dendritic cells [4]) was placed in the chambers and exposed on up to three 
subsequent days each for 12 h (7am to 7pm) to ambient air. Biological 
endpoints included cell morphology assessment, gene expression analysis, 
and cytotoxicity. Particle number (PN) concentrations were measured with a 
DiSCmini. Additionally, the official air pollution observation station of the 
canton of Fribourg is within 300m of the exposure site providing PM10, 
NOx, and O3 levels. 

Results & Conclusions Averages of PN and PM10 concentrations were 10ô000 and 15ô000 
particles/cm3 and 14 and 27 µg/m3 for summer and winter ambient air, 
respectively.  
Morphology, cytotoxicity, and oxidative stress markers were unchanged 
upon ambient air exposures. 
The summer ambient air did not lead to increased pro-inflammatory 
responses compared to the filtered medicinal air at the gene expression 
level. On the other hand, winter ambient air showed an increase in the 
expression of pro-inflammatory genes already after one day. 
 
The exposure system which was previously validated with gasoline and 
diesel exhaust has been shown to be additionally suited for repeated 
exposures to ambient air. Already after one day of exposure the pro-
inflammatory markers measured were elevated after winter ambient air but 
not summer ambient air. This system could further be implemented in other 
locations as well where epidemiological studies are difficult to perform. 
 
References: 
[1] WHO. http://www.who.int/mediacentre/factsheets/fs313/en/. 2014.  
[2] Dockery, D.W., et al., N Engl J Med, 1993.  
[3] Pope, C.A., et al., Circulation, 2004.  
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[4] Blank et al., Am J Respir Cell Mol Biol. 2007. 
[5] Bisig, C.J. et al., CHIMIA Intern J for Chem, 2015. 

Caption Figure 1: 

 
The exposure system. [A] The exposure box [a], wrapped in aluminium foil 
to protect the cells from light, is placed on a balcony (in summer) or inside 
the apartment (winter). The exposure box contains two chambers ([b], one 
for ambient air [c] and another for filtered medicinal air as a control [d]). 
Conditions inside the exposure box were controlled by flowmeters [e] and 
monitored in real time [f]. [B] Scheme of the human lung model composed 
of three different human cell types. The cells are cultured at the air-liquid 
interface, ambient air (or filtered medicinal air) on the top, and cell culture 
medium (yellow) at the bottom. Cells were exposed for 12 hours [Figure 
adapted from 5]. 
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Introduction & 
Background 

Today availability and cost efficiency are the most important arguments using 
exhaust aftertreatment devices in on-road and non-road applications. As far 
as measurement and modelling is concerned, reliable values are 
indispensable for system suppliers. 
CPK Automotive, which belongs to the Heinzmann Group since October 1st 
2013, has specialized experiences for many years with regard to the 
development of environmental solutions, chiefly in the field of automotive 
technology. Taking on the task of developing out paths into a livable future for 
the coming generations is one of the most important scopes according to the 
inner drive to improvement. The worldwide requirement that on-road and 
non-road applications have to be retrofitted, repowered or replaced to reduce 
particulate matter emissions becomes increasingly important for suppliers 
and governmental organisations. Additionally the effective monitoring of the 
condition and particularly the effectiveness of the devices in the field 
becomes more and more 
necessary. 

Methodology Filters, which are essential for a reliable removement of particulate matter 
from the exhaust gas of diesel engines, always require maintenance. 
Therefore it is important to harmonize the interests of the stakeholders 
(especially authorities and operators). 
This approach is discussed in the concerned contribution using the example 
of diesel particulate filter applications that show how appropriate diagnosis 
data are generated, recorded and handled with modern communication 
technologies. Data analysis and remote maintenance from any place in the 
world embody the according features, which are needed to guarantee fast 
and efficient processes using aftertreatment devices. Fast, inexpensive 
retrieval of data and round-the-clock readouts are additional requirements to 
fit the customerôs needs. Besides, the offered potential using bidirectional 
communication between the devices gets intensified: a solution will be 
presented, that gives operators and service contractors the opportunity to 
ensure the availability of the machines and simultaneously fulfill their service- 
and monitoring-contracts efficiently. With regard to the modular platform used 
in this case, the presented solution is also transferable to any further 
technologies and applications in the field of exhaust aftertreatment, which 
expands the possibilities of fulfilling growth targets of authorities and 
operators. 

Results & 
Conclusions 

Due to the dependence on changes in the law for suppliers, a flexible, 
individual and quick reacted 
approach is guaranteed using modular solutions. In order to improve 
emission control technologies to achieve a healthy urban and suburban air 
quality worldwide, the selectively targeted topics of our companyôs 
contribution will lead the focus on the 21st ETH Conference. 
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Introduction & 
Background 

The population of countries from the EU spend approximately one hour per 
day in vehicles. Despite this relatively short period of time, exposure levels 
are of concern given the immediate proximity to other vehicles, plus in urban 
areas, high ambient concentrations. For vehicle-related pollutants such as 
particulates, this contribution is particularly important. 
 
The adverse health effects of particulate matter have been clearly 
established in the scientific community, and it has frequently been proposed 
that ultrafine particles (UFPs) have a more significant effect on human health 
per unit mass of similar chemical composition than larger particles (see 
Delfino et al. 2005; Harrison et al. 2012; Seaton et al. 1995). The 
development of a Solid Particle Number (SPN) measurement programme -
under the Particle Measurement Programme (PMP)- has standarised the 
measurement protocol for vehicular UFPs. The PMP protocol has been 
extensively scrutinized, with its repeatability and reproducibility being widely 
lauded. However, several studies have shown that a significant number of 
sub-23 nm particles can remain present downstream from the PMP system 
(Giechaskiel et al. 2009; Herner et al. 2007; Johnson et al. 2009). 
Consequently, research was conducted to investigate the composition of 
these sub-23nm particles, demonstrating that most of them were formed 
through the renucleation of semi-volatiles, and therefore not of a solid state 
(Zheng et al. 2011; Zheng et al. 2012).  
 
In developing informed public policy to protect public health, it is vital that the 
concentrations of SPN as well as Total Particle Number (TPN) -which 
includes particles of a non-solid state- within vehicles are better quantified, as 
the health concerns associated with particulate matter are a function of 
particle size, rather than particle state of matter. 

Methodology This study used the NAQTS V1000 -with its core component being a 
ñregulatory compliantò CPC for measuring PN- in a ñchaserò vehicle to ñsniffò 
SPN and TPN concentrations from an array of vehicles (for example, old and 
new, petrol and diesel etc.) in London (an area with high ambient air 
pollution). A series of ñreal-world drivingò cycles, in city, urban and rural 
environment were carried out to examine the in-cabin differences. This 
allowed the researcher to characterise vehicles on both their SPN 
performance, as well as on TPN. Moreover, the decay of the high-peak 
events was examined to look at vehicle HVAC and the absorption/desorption 
of different vehicle interior fabrics. 
 
Two NAQTS V1000 units were co-located and their respective particle 
measurements normalized with both SPN and TPN. For the solid 
measurements, the PMP approach was used; namely a hot pre-diluter 
(PND1, a catalyst / evaporator tube, and a second diluter (PND2) for cooling 
and further dilution to maintain the CPC in single count mode.  

Results & 
Conclusions 

Although the source was regarded consistent (the air surrounding and 
entering the vehicle) the results showed different levels. Albeit, with a limited 

mailto:dbooker@naqts.com


21st ETH Conference on Combustion Generated Particles 

 

 
31 

 

data set, the results highlight that vehicles behave differently and moreover 
the vehicle interior materials may be shown to have a significant effect. More 
work is needed. 

Caption Figure 1: 

  
"Justin" the in cabin-air quality monitor. Can also be used for micro-
environmental/mobile air quality monitoring. 

Caption Figure 2: 

  
Calibration Chamber for V1000 Integrated Air Quality Monitor. 
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Introduction & 
Background 

Non-volatile particulate matter (nvPM) emissions from aircraft gas turbines 
are a concern for human health, environmental pollution and climate change. 
Regulatory agencies as well as emission inventories require accurate 
emission factors under variable engine load and environmental conditions. 
While ambient conditions have been previously identified as a source of 
variability in nvPM mass and number emissions, this work identifies another 
important source of emission variability: engine deterioration. 

Methodology All data were obtained with ñpiggy backò measurements at the engine test cell 
at SR Technics, Zürich Kloten. In total, emissions of over 40 engines were 
measured. The engines included Pratt and Whitney 4000 series engines (94ò 
and 100ò variants) and CFM-56 engines (-7B, -5B and -5C variants). 
The sampling system and system operation corresponded to the SAE 
AIR6241 standard and are only briefly outlined here. PM-laden exhaust was 
continuously sampled by a single point retractable Inconel sampling probe at 
the engine exit plane. The aerosol sampled was then diluted with dry 
synthetic air by a factor of eight to ten and transported via temperature-
controlled lines to minimize condensation, particle agglomeration, and gas-to-
particle conversion. nvPM mass was determined with a micro soot sensor 
(MSS, Model 483, AVL Inc.) based on the photoacoustic detection principle. 
In parallel to the MSS, an AVL particle counter (APC) and a CO2 analyzer 
(Model 410i, Thermo Inc.) provided PM number and CO2 concentrations 
emitted. Raw CO2, oxides of nitrogen (NOx), carbon monoxide (CO), and 
hydrocarbons (HC) were also measured in parallel. 

Results & 
Conclusions 

Preliminary data for typical nvPM mass emission deterioration cases are 
shown in Figure 1. While CO2 emissions as a function of fuel flow are nearly 
identical for all engines (Panel a) as expected, the nvPM mass emissions 
show a strong variability (Panel b). 
Ambient temperature ranging from 12 to 25°C in the datasets of Figure 1 is 
estimated to influence the variability by less than 10% and alone cannot 
explain this large variation in nvPM mass emissions. The repeatability of the 
nvPM mass concentration measurement is also expected to be better than ± 
12%. Therefore, we attribute this high variability in nvPM mass data to engine 
deterioration. Operational history indicates further that most engines were 
repaired and had a deteriorated operation performance while engines 3 and 5 
were overhauled with a near new performance. Current analysis also 
includes nvPM number and gaseous measurement data which will also be 
presented at the conference. 
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Caption Figure 1: 

 
CO2 data as data quality check (a) and nvPM mass emission indices (b) as a 
function of fuel flow measured for seven specimens of the same engine 
variant 
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Introduction & 
Background 

Modern gasoline direct injection engines need to comply with stringent 
emissions legislation limiting particulate matter under real driving emissions 
(RDE) testing; with the Euro 6c emissions legislation being shortly 
introduced, gasoline particulate filters are considered to be the most 
immediate solution. Filter design and an appropriate strategy for 
regeneration by the oxidation of the collected particulate matter are linked to 
the soot nanostructural properties. The work carried out in this investigation 
is driven by the needs to investigate soot produced by GDI engines and 
understand its reactivity and oxidation characteristics. Diesel engines have 
been the main source of PM and therefore widely investigated. Conversely, 
there is a lack of available data related to gasoline direct injection (GDI) 
soot morphology and nanostructure. The disorder of the primary particle 
nanostructure and the increase of accessible carbons on the edge sites is 
linked to soot oxidative reactivity. 

Methodology Three model systems of soot were compared in this investigation: 
commercial carbon black, diesel, and gasoline engine soot. Gasoline soot 
samples were collected from a passenger car equipped with a modern 
three-cylinder 1lt turbocharged direct-injection gasoline engine during real 
driving conditions in a city/urban environment. The diesel soot was collected 
from a single cylinder variant of a multi-cylinder design.  Carbon black, 
diesel and GDI soot particles were characterised in terms of the primary 
particle size distribution, while their nanostructural properties were 
assessed in terms of fringe length, tortuosity and interlayer spacing using 
High Resolution Transmission Electron Microscopy (HRTEM) images. Soot 
characterisation was carried out at the Nanoscale and Microscale Research 
Centre (NMRC) at the University of Nottingham using a JEOL 2100F TEM 
equipped with a Gatan Orius CCD camera operating at 200 kV. A MATLAB 
in-house code was developed to process the HRTEM images of primary 
particles. 

Results & Conclusions The structure of diesel soot agglomerates was fairly typical, as they were 
fractal aggregates of primary particles, with modal skeleton length around 
100nm. The gasoline soot shows presence of typical soot, similar to the 
Diesel soot, but also amorphous (sludge-like) structures. The gasoline soot 
has shorter fringe lengths, higher fringe tortuosity and larger fringe 
separations than carbon black and diesel soot. Gasoline soot consequently 
will have increased oxidation rates relative to diesel soot and carbon black, 
and so will be more reactive. Fringe separation shows the most significant 
change when comparing carbon black with GDI soot. 
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Caption Figure 1: 

  
Comparison of nanostructure parameters between the three types of soot. 
Green marks indicate the mean value, red the median and blue the 
interquartile range 
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Introduction & 
Background 

Recently, the certification procedure for the exhaust emissions regulation 
from light-duty vehicles has been conducted with the standard test cycle (e.g., 
NEDC) in the laboratory under standardized operating conditions. But the 
exhaust emissions in the on-road conditions generally exceed the standard 
emission limits. Therefore, it is important to evaluate and research the real-
driving emissions (RDE) using a portable emission measurement system 
(PEMS). Important factors in evaluating real-driving emissions are after-
treatment system applied to test vehicles and RDE test routes. Especially, the 
test routes in present study are made in reflecting traffic and road conditions 
in Korea. 

Methodology In present study the real-driving emissions are measured with a PEMS and 
analyzed by two methods, which are moving averaging window (MAW) and 
power binning. The MAW method is divided in sub-sections (or windows) and 
the subsequent the statistical method aims at identifying which windows are 
suitable to evaluate the real-driving emissions. Especially, the windows are 
based on the reference CO2 mass emitted by the vehicle over the reference 
laboratory cycle (WLTC). In the power binning method, the exhaust emission 
values are classified in accordance with the corresponding the wheel power. 
And then, the classified average emissions per power class are weighted to 
obtain the emission values for a test with a normal power distribution.  

Results & 
Conclusions 

Generally, the RDE level on most of test vehicles exceeded the standard 
emission limits. In test route including rural driving applying to excessive 
gradient of elevation, the RDE level through MAW and power binning method 
is higher than that in other test route including relatively plane rural driving. In 
addition, there was difference in accordance with after-treatment system 
applied to vehicles as well as test routes. 
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Introduction & 
Background 

The complexity of the routes through which carbon particles suddenly arise 
from the gas (homogeneous) phase to become a heterogeneous 
carbonaceous aerosol reflects in the structural complexity and variability of 
fine/ultrafine carbon particles and related organic carbon generated from 
combustion systems. 
The structural analysis has to cover the very wide size distribution range, 
featuring ultrafine carbon particles from small aggregates ( 

Methodology Size and structural order/disorder degree of carbon particles were 
evaluated by electron microscopy (TEM and HR-TEM) in collaboration with 
CNRS and Penn State University, by Raman spectroscopy, dynamic light 
scattering (DLS), and Laser Desorption Ionization Mass Spectrometry, (LDI-
MS). Chemical properties associated with the structure were measured by 
bulk analysis as elemental analysis of hydrogen and carbon. Infrared (IR) 
and UV-visible spectroscopy were used to measure aromatic/aliphatic 
carbon and hydrogen bonding. The size/Molecular Weight (MW) distribution 
of organic carbon and carbon particles was obtained by means of Size 
Exclusion Chromatography (SEC) coupled with UV-Visible spectroscopy.  
SEC of organic carbon extracted by dicloromethane (DCM) and of residual 
carbon particles sampled in premixed flames furnished MW distributions of 
carbon particulates. The bimodal MW distribution of organic carbon in the 
200-1000 u range has been found by SEC and verified by LDI-MS analysis 
of the separated SEC fractions (Apicella, 2006). 

Results & Conclusions SEC of organic carbon extracted by dicloromethane (DCM) and of residual 
carbon particles sampled in premixed flames furnished MW distributions of 
carbon particulates. The bimodal MW distribution of organic carbon in the 
200-1000 u range has been found by SEC and verified by LDI-MS analysis 
of the separated SEC fractions (Apicella, 2006). 
A typical multimodal MW distribution of the carbon particles (soot) with three 
main peaks can be observed in the 100-1010 u MW range corresponding to 
about 0.5-100 nm size range as evaluated for a spherical shape with 1.8 
g/cm3 density.  
Information coming from the other techniques, and in particular from UV-Vis 
analysis coupled to SEC(Tregross, 2013), was used in combination with 
size/MW analysis to infer the structure of the different components from the 
light PAH to soot aggregates and the possible relationship between them. 
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Caption Figure 1: 

 
Figure 1 Scheme of diagnostics of flame-formed organic carbon and carbon 
particles in reference to the relevant length and molecular weight scales 
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