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Abstract

Carbonaceous aerosol is generally classified into OC (organic carbon) and EC (elemental carbon) by thermal
optical analysis. Both NIOSH (National institute of occupational safety and health) with high temperature (HighT)
and IMPROVE-A (Interagency monitoring of protected visual environments) with low temperature (LowT) proto-
cols are widely used. In this study, both protocols were applied for ambient PM, 5 samples (Daejeon, Korea) in order
to underpin differences in OC and EC measurements. An excellent agreement between NIOSH and IMPROVE-A
protocol was observed for TC (total carbon). However, significant differences between OC and EC appeared and
the differences were larger for EC than OC. The main differences between two protocols are temperature profile
and charring correction method. For the same charring correction method, HighT_OC was 10% higher than LowT_
OC, while HighT_EC was 15% and 33% lower than LowT_EC for TOT (thermal-optical transmittance) and TOR
(thermal-optical reflectance), respectively. This difference may be caused by the temperature of OC4 in He step and
possibly difference in POC (pryorilized OC) formation. For the same temperature profile, OC by TOT was about
26% higher than that by TOR. In contrast, EC by TOT was about 50% lower than that by TOR. POC was also
dependent on both temperature profile and the charring correction method, showing much distinctive differences for
the charring correction method (i.e., POC by TOT to POC by TOR ratio is about 2). This difference might be caused
by different characteristics between transmittance and reflectance for monitoring POC formation within filters.

Results from this study showed that OC and EC depends on applied analysis protocol as shown other studies.
Because of the nature of the thermal optical analysis, it may not be possible to have an absolute standard analysis
protocol that is applicable for any ambient PM, 5. Nevertheless, in order to provide consistent measurement results
for scientists and policy makers, future studies should focus on developing a harmonized standard analysis protocol
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that is suitable for a specific air domain and minimizes variations in OC and EC measurement results. In addition,

future elaborate studies are required to find and understand the causes of the differences.
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Table 1. IMPROVE-A and NIOSH protocols.

Temperature (°C)
Step IMPROVE-A" NIOSH Atmosphere
(LowT profile) (HighT profile)
oC1 140 310(80sec)
oCc?2 280 475 (60 sec) e He
oC3 480 615 (60 sec) p
oc4 580 870 (90 sec)
EC 1 580 550 (45 sec)
EC2 740 625 (45 sec)
EC3 840 700 (45 sec) 2% 0,,
EC4 775 (45 sec) 98% He
EC5 850 (45 sec)
EC6 870 (120 sec)

Y Analysis time in each step is the time until the FID signal reaches the
baseline.
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(b) LowTprofile (HV120321)
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(d) HighT profile (HV120321)
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Fig. 1. Example thermograms for ambient samples (HV120817 (TC =14.0 pg/cm® or 3.5 ugC/m?°, NO,"=0.15 ug/m® and
HV120321 (TC =27.6 pg/cm? or 6.9 ugC/m®, NO,”=8.06 pg/m?) using LowT profile ((a) and (b)), and HighT profile
((c) and (d)). The pink and red dotted line indicate the initial value of reflectance and transmittance, respectively.

The vertical dotted line shows the start of He-Ox step.
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Fig. 2. Comparison of IMPROVE (LowT-TOR) protocol and NIOSH (HighT-TOT) protocols.
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Fig. 3. Scatter plot of TC for ambient samples measured
with LowT and HighT profiles.
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