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Response to Dr. Robert Healy’s Comments

We thank Dr. Robert Healy for his very helpful comments. Our responses are listed
below:

Comment 1: “This article presents some interesting conclusions regarding the chemi-
cal mixing state of particles produced from the combustion of pulverised coal. It would
be useful, however, to expand the discussion to cover differences between the single
particle mass spectra reported here and those obtained for power generation-related
coal combustion and domestic coal combustion in other previous studies (Pekney et
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al., 2006; Bein et al., 2006; Bein et al., 2007; Healy et al., 2010). Ambient domestic
coal and wood combustion particles have been separated using single particle mass
spectrometry previously, and their assignments conifnArmed through combustion ex-
periments (Healy et al., 2010). ”

Response: We thank Dr. Robert Healy for providing these papers and will cite them
and add the following discussions in our future revised manuscript. The studies on
ambient aerosol at Pittsburgh (Pekney et al., 2006;Bein et al., 2006;Bein et al., 2007)
suggested that the particles with the signal of Na/Si/K/Ca/Fe/Ga/Pb were associated
with coal combustion emissions. However, Healy et al. (2010) showed that Ga and
Fe were not present in their coal combustion aerosols. In our study, we did observe
Na/K/Ca/Fe and Pb in a type of ambient aerosols, which is considered to be originated
from coal combustion. Na/K/Ca/Fe are present in the average ATOFMS spectrum of
this type (Figure 6A in our paper). And Figure R1 (shown below, with m/z from 150
to 250 Da) also clearly shows the presence of Pb. But we did not observe significant
peak of silicates and Ga. In addition, Liu et al. (2003) reported that coal combustion
aerosols contain the signal of Li, while both Healy et al. (2010) and our study did not
find this signal. Thus, it seems that every study is different from each other. But, we
think all of these studies are correct; and the differences do reflect the complicated
nature of coal combustion.

Chemical compositions of coal combustion aerosols can be very different. There are 3
factors:

Firstly, coal is a complex mixture. It almost contains every elements in the periodic
table. Different coal types have very different compositions. For example, Table R1
shows the major compositions of coals that used in our lab. There are large differences
among these coals.

Secondly, combustion conditions play very important roles in particulate matter forma-
tion. The detailed formation mechanisms are described in some literatures (Haynes et
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al., 1982;Damle et al., 1982;Zhuang and Biswas, 2001;Suriyawong et al., 2006;Wang
et al., 2013). In short, most of the submicrometer particles are formed via the metal-
oxide vaporization-nucleation pathway (Damle et al., 1982), which includes: metal-
oxides are reduced at the char surface and produce relatively more volatile metal or
its sub-oxides into gas-phase. Then those vapors undergo rapid re-oxidation to form
stable metal-oxide nuclei, and subsequent growth by coagulation and condensation.
Supermicrometer particles are usually formed through burst of remaining parts of char
particles. This pathway of fine particle formation is very sensitive to the combustion
temperature and gas composition. For example, Suriyawong et al. (2006) found that
formation rates of submicrometer silicate particles can vary several orders of magni-
tude in different combustion conditions. Therefore, the chemical composition of submi-
crometer particles can be very different when combustion condition is changed.

Thirdly, air pollution control devices (APCDs) can greatly affect emissions of particulate
matter. Electrostatic precipitator (ESP) or fabric filter (FF) bag house are widely used
for industrial coal boilers. An ESP can usually remove 99.9% of total particulate mass
from coal combustion. But there are penetration windows for submicrometer particles
(Li et al., 2009). These penetration window may change when operating conditions
of ESPs are changed. FF bag house typically has higher particle removal than ESP
(Shendrikar et al., 1983). Thus, different selections of APCDs can result in very differ-
ent characteristics of particulate emissions.

In conclusion, the characteristics of coal combustion aerosol can be very different due
to the differences in coal types, combustion conditions and applications of ACPDs.
We do not think there will be a single universal tracer for coal combustion aerosol.
Therefore, in order to identify them, more information will be needed. In this study, we
want to use the organic signatures of coal combustion aerosol, as well as the inorganic
signatures, coal usage in the region and satellite data to identify a group of ambient
aerosol which was very likely from coal combustion.

Comment 2: “Potassium content was found to be very low in domestic coal combustion
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particles relative to wood combustion particles in that case. Domestic coal combustion
particle composition has also been investigated more recently using an aerosol mass
spectrometer (Dall’Osto et al., 2012).”

Response: Domestic coal combustion usually has a much lower combustion temper-
ature than pulverized coal combustion. The lower temperature may inhibit the vapor-
ization rate of metal elements, such as potassium. Thus the mass concentration of
these elements should be much lower from domestic coal combustion than pulverized
coal combustion. For pulverized coal combustion, Quann et al. (1982) found there
was 2.5% of K20 in submicrometer ash particles, with a enrichment factor of 4.00.
ATOFMS is extremely sensitive to potassium. This amount of potassium should lead
to a dominant peak at m/z 39. Moreover, potassium content in coal varies a lot. For
example, some potassium-enriched coals contain up to 22.6% of K20 in its ash (Zhou
et al., 2010).

Dall'Osto et al. (2012) measured aerosol from domestic coal combustion using AMS.
The result is quite interesting. It seems that their AMS spectrum from coal combus-
tion is similar to this study. Better comparison can be achieved if we know the coal
type (with proximate and ultimate analysis of coal) and combustion conditions (such as
dimensions of the burner, combustion temperature and air flow rate).

Again, we thank Dr. Robert Healy for his very helpful comments.
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Fig. 1. Average mass spectra of a dominant type (coal) of ambient aerosol in Shanghai using

ATOFMS (m/z from 150 to 250 Da)
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ACPD
Coal Name Proximate analysis Ultimate Analysis Quetd ASTM Rank
Moisturess | Ashg | VM | FCs | Sa | &g | Hs | Ne | Oq | Cla | Mlkg 13, C1035-C1 042, 2013
American Coals
Powder River Basin (PRB) Coal 27:7% 8.0 48.3 429 | 06 | 673 | 46 | 1.0 19.9 | 0.010 28.0 Sub-bituminous
Tllinois #6 Coal 13.5% 10.0 420 | 480 | 35| 71.0 | 5.0 | L3 9.1 0.110 20.6 Bituminous |nteraCt|VG
Chinese Coals
S01 84 44.6 23.6 317 15: 389 24 | 06 12.0 0.012 13:5 Lignite Comment
S02 17.8 333 27.0 39.7 0.6 49.2 2.8 0.9 133 0.014 17.4 Lignite
S03 0.7 26.4 16.1 S5, 243 62.6 3%, 0.9 4.6 0.017 24.7 Sub-bituminous
S04 3.8 23.0 10.5 66.5 2.8 67.0 2.6 1.0 3.9 0.031 26.0 Anthracite
S05 09 21.9 20.5 57.6 2.0 672 319 1.0 4.1 0.039 27:1 Bituminous
S06 4.5 30.6 9.6 59.8 2.9 61.1 129 0.7 29 0.047 23:2 Anthracite
S07 95; 248 27.8 47.4 0.5 574 35 0.9 12.6 0.361 21.9 Sub-bituminous
S08 2.6 25.0 15.0 60.0 Bk 64.2 3.1 0.9 52 0.024 25.2 Sub-bituminous
S09 4.1 30.5 243 452 0.5 559 33 0.9 92 0.072 21.8 Sub-bituminous
S10 15:7 5.7 344 59.9 0.5 74.5 44 | 09 14.0 0.014 28.5 Bituminous
S11 13.1 189 30.0 5122 0.5 64.0 35T 0.9 12.0 0.014 247 Sub-bituminous
S12 10.2 8.0 36.3 55.8 0.5 71.8 4.5 0.9 14.3 0.009 27.9 Bituminous
Typical Indian Coals
Typical (Low Grade. F) 4.0 50.0 19.3 30.0 | 0.7 432 3.4 1.0 - - 13.0 Lignite
Typical (Medium Grade, D) 15.0 30.0 19.8 500 | 02 | 318 | 24 | 08 - - 21.0 Sub-bituminous
Selected Indian Coals
Dadri - 38.2 - - 0.5 40.3 42 0.9 1519, - - -
Rihand ) 432 - - Joeal 3733 o7 | 147 - - -
Singrauli - 26.3 - - 0.3 50.2 4.8 1.1 173 - - -
Chandrapur 50 47.0 : - o8 [377 |27 | 11| 58 - 153 . _
Dahanu 59 385 - - o4 a]37 o8| 142 - 16.7 -
Nevyeli Lignite 47.0 7.0 - - 1ES: 26.1 23 0.2 16.3 - 93 - g
Kutch Lignite 36.0 15.0 = | 23] 283 30|00 130 = 12.1 -
VM = Volatile Matter, FC - Fixed Carbon, ad air-dried. d dry. *as-received g
Fig. 2. Proximate and ultimate analysis of coals that used in Aerosol & Air Quality Research g

Laboratory (AAQRL) at Washington University in St. Louis
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