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• Thermo-optical analysis dependent on 
chemical composition of sample, temperature, 
ramping times, gas flow etc

• Diesel exhaust of large interest for 
occupational and public health measurements

• Need for standardization of protocol



Thermal/Optical Carbon Aerosol Analyzer
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This is what the black box looks like on the inside
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Thermal/Optical Carbon Aerosol Analyzer
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Oven where sample is inserted
Covered with heating coils



Thermal/Optical Carbon Aerosol Analyzer
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Monitoring with a laser beam at 670 nm



Thermal/Optical Carbon Aerosol Analyzer
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Second oven with MNo2
Converts carbon to carbon dioxide



Thermal/Optical Carbon Aerosol Analyzer
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Sample continues to methanator converted to methane
Then detected by FID



Temperature protocol NIOSH 5040

He He/Ox
Time (s) Temp (oC) Time (s) Temp (oC)
60 310 45 550
60 475 45 625
60 615 45 700
90 870 45 775

45 850
120 890

Presenter
Presentation Notes
The protocol we use
Unfortunately NIOSH provides "guidelines" 
but not an exact temperatures and ramp times.  
by not giving specific steps and times because it has produced uncertainty in the literature and in how the method should be set up. 
OC, EC and TC are usually comparable as long as the He phase reaches a minimum of ~780C 
and the oxygen phase is sufficiently high and long to burn off the EC.  �The oxygen phase needs to be in a stepped mode, however, to drive off the EC fairly slowly so that the "split point" error is minimized. 
OC, EC and TC are the only the only usable, repeatable data from any of these methods 
The peak data are unreliable and not repeatable from instrument to instrument even under the best of conditions. 
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Conny at NIST showed that two things were important
He phase 4 min 780 degrees so as to make sure that all OC has charred
Slow ramping in several steps in Ox phase to make sure that OCEC split is correctly assigned
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Woodsmoke 
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Diesel exhaust   EC/TC = 0,70
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Diesel exhaust   EC/TC = 0,70
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Diesel exhaust - idling



How to investigate artefacts for 
diesel measurements with the 
purpose of reaching a standard?



Main objective
Standardize a protocol for OCEC 
measurement of diesel exhaust 

• Step 1: Investigate if water-soluble non-
particulate OC pyrolizes and can be 
misinterpreted as EC

• Step 2: Investigate if organic-soluble non-
particulate OC pyrolizes and can be 
misinterpreted as EC

Presenter
Presentation Notes
Could  there be a difference in the water-soluble extract between diesel exhaust and wood smoke?�
	Can water-soluble extracts (free of particles) of different collected filter samples using the NIOSH 5040 method contain any EC?

 	Any detected EC would be a misclassification of EC. 




Why?

Yu et al (Environ. Sci. Technol 2002)

Ambient samples Hong Kong and Nanjing, 
China

13-66 % pyrolyzing carbon in the aqueous 
extract



Procedure

• Use particle-free water-soluble extracts of 
different collected filter samples to test for 
charring

• If TOT analysis shows EC is present in 
filtered water extract this implicates 
charring which might lead to erroneous split



Water extraction of samples

• 4.5 cm2 of filter sample was used
• Extracted twice in 10 ml pure water with 15 min 

sonification – both portions pooled
• Filtered with Anopor 20 nm disposable filters
• Aqueous solution freeze-dried until dry
• Reconstituted with 200 µl of water
• 20 µl of solution placed on clean filter
• Analyzed with TOT - NIOSH

Presenter
Presentation Notes
Water extraction of samples procedure
4.5 cm2 of filter sample was used
Extracted twice in 10 ml pure water with 15 min sonification – both portions pooled
Filtered with Anopor 20 nm disposable filters
Aqueous solution freeze-dried until dry
Reconstituted with 200 µl of water
20 µl of solution placed on clean filter
Analyzed with TOT - NIOSH
Compared to the original sample 



Aerosol filter samples - pure

• Pure diesel exhaust - high EC 
• Pure diesel exhaust - low EC 
• Pure biodiesel exhaust
• Pure wood smoke

Presenter
Presentation Notes
Diesel exhaust (high and low content of EC)
Samples consisting of pure diesel exhaust fume were collected at the experimental inhalation chamber (3.0 x 3.0 x 2.3 m) at Svensk Maskinprovning (SMP) in Umeå, Sweden. Over 90% of the exhaust was shunted away, and the remaining part was diluted with air and fed into the exposure chamber at a steady-state concentration to the middle of one wall 45 cm above the floor. This system was first described by Rudell et al (1994). A sample with a low level of EC was obtained using exhaust from an idling Volvo TD 45 engine (4.5 L, 4 cylinders, 1991, 680 rpm) with an E10 Diesel fuel containing 500 ppm of sulphur. A sample with high EC was from the same chamber but with a Volvo TD40 engine running on a modified version of the European Transient Cycle repeating the first ten minutes only (http://www.dieselnet.com/standards/cycles/etc.html). The fuel used was Swedish MK 1 Diesel with the sulphur content lower than 10 ppm.
Wood smoke 
Filters of pure wood smoke at steady-state burning of standardized birch/spruce mixture (50/50) were collected at an experimental wood smoke chamber (7.4 × 6.0 × 2.9m) constructed at Statens Provningsanstalt (SP), Borås, Sweden and described by Sällsten et al., (2006).Wood smoke was generated in a small cast iron wood stove placed just outside the chamber and a stable concentration was obtained by adjusting the ratio of the wood smoke to indoor filtered air. The stove was replenished with about 2 kg of dried wood (4 logs) every 40 min to maintain a constant concentration of wood smoke in the chamber. 
Biodiesel
Biodiesel samples were collected for an intercomparison study of analytical methods in 2005. A VW Turbodiesel engine was used at 2000 rpm with a fuel consisting of rape seed methyl ester (RME). Quartz fiber filters were placed in VC25 samplers in RRT6b samplers [AW1] that sampled the inhalable fraction. The experimental chamber measured 3.25 x 2.60 x 2.40m as described by Dahmann (1997). 



Aerosol filter samples - ambient

• An urban road tunnel
• An urban street canyon
• An urban background site 
• Residential wood combustion in an urban 

area
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Presentation Notes
Urban road tunnel 
Samples were also collected in a road tunnel in Stockholm where traffic emissions were the dominant aerosol source. The traffic in this road tunnel  on a typical working day was more than 30,000 vehicles in one direction (Kristensson et al., 2004). About 95% of these are light-duty vehicles (LDV) Out of the LDV vehicles, 5% on average were diesel-driven. HDV are most numerous around midday. The sample analyzed here was collected on 4 May 2006 between 11:20 am and 13:20 pm. At this time, approximately 2000 LDV per hour and 160 HDV per hour pass at the sampling site. 
Urban street canyon 
A sample from a Swedish sampling trial carried out in an urban street canyon (Hornsgatan) in Stockholm was selected for this study. Aerosols were collected for 24 hours (12 pm to 12 pm) with a Gent PM10 sampler on a 47mm Tissuquartz 2500QAT-UP quartz fibre filter (Pall Corporation, USA) on 27 October 2005. The PM10 mass concentration value for that period was 39.1 µg m-3. 
Urban background
Samples were also used from a measuring campaign in Stockholm at an urban background station (Torkel Knutssongatan) (ITM report 153[AW1] ). The aerosol sampling was conducted with a Gent PM10 sampler on 47mm Tissuquartz 2500QAT-UP quartz fibre filters (Pall Corporation, USA). The selected sample was collected on 8-9 May 2006. The corresponding PM10 mass concentration was 49.7 µg m-3. 
Residential wood combustion in an urban area
A sample was chosen among those collected in a field campaign carried out in Lycksele  (8600 inhabitants), a community in northern Sweden where residential wood-heating is common during wintertime. The sampling was performed in a residential area, 200 m away from the nearest main road (average traffic volume 3000 vehicles/day). Twelve-hour samples were collected using a sequential sampler SEQ 47/50 (Leckel GmbH, Germany) with an impactor inlet with a 10 mm cut-off size on 47mm Tissuquartz 2500QAT-UP quartz fibre filters (Pall Corporation, USA) at a standard flow rate of 38.3 l min‑1 (Krecl et al., 2007). The sample chosen for this work was exposed from Saturday 11 February 2006 at 6 pm to Sunday 12 at 6 am. According to the calculation by positive matrix factorization done by Krecl et al (2008), the contribution of particles from traffic at that time was very low, but the contribution from residential wood combustion was high.



Water-extractable total carbon in percent of  
total carbon in sample

Samples are corrected for blank values
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Presentation Notes
This figure shows how much carbon was extracted in water
The values are blank-corrected with blank values for the method therefore some values are negative
Adsorption 



EC from water-soluble extracts in percent of total EC of 
sample
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Conclusion
• Wood combustion particulate samples contain 

water-soluble organic compounds that converts to 
EC by charring.

• Diesel exhaust samples contain no water-soluble 
organic compounds that converts to EC by 
charring.



• NIOSH 5040 seems promising as a standard for 
OC/EC analysis of diesel dominated samples,
but temperatures and time ramping must be 
defined.

• Influence of non-water soluble organics have to 
investigated

Conclusion



Thank you for your attention!





Having a Bad Air Day ?

Presenter
Presentation Notes
Soot has important health implications
Need to measure soot  NIOSH method developed specifically for soot from diesel



Method NIOSH #5040

OC=organic carbon; CC=carbonates; PC=pyrolysed carbon; 
EC=elementary carbon; CH4=methane internal standard

Presenter
Presentation Notes
Example of thermogram
What do we see
Two phases He and a mix of 2 % ox and 98 % he
FID OC=organic carbon; CC=carbonates; PC=pyrolysed carbon; EC=elementary carbon; CH4=methane internal standard





Comparison NIOSH - NIOSH-STN  - EUSAAR
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Why the NIOSH method?
EC can be used as a marker for the presence of Diesel Particulate Matter (DPM) in occupational exposure measurements, since it constitutes a significant fraction of DPM and can be quantified at low levels (Cantrell and Watts 1996). The NIOSH method was specifically developed for measuring EC from DPM in occupational environments (Birch and Cary, 1996a). 




Working principle of Thermal/Optical 
Carbon Aerosol Analyzer
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Presentation Notes
He carrier gas 
Filter oven
Laser transmission
Ox to CO2 in MNO2 oven 
Methanator with heated Ni catalyst
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