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Table 1 —Sampling dates and weather conditions.

Number Date Weather phenomenon Mean visibility (km) Mean relative humidity (%)
1 Sep. 27, 2012 Mist, haze, 7.00 75.75
2 Oct. 10, 2012 Mist, haze 4.50 58.00
8 Oct. 18, 2012 Mist, haze 7.00 68.25
4 Oct. 19, 2013 Haze 8.50 E5.715
5 Jan. 14, 2013 Fog, mist 1.03 97.50
6 Jan. 16, 2013 Mist 3.25 76.00
7 Jan. 17, 2013 Mist, haze 3.50 75.50
8 Jan. 18, 2013 Mist 8.50 70.25
9 Jan. 19, 2013 Mist, haze 6.50 66.75
10 Apr. 09, 2013 Clear 12.00 29.25
11 Apr. 10, 2013 Clear 12.25 40.00
12 Apr. 11, 2013 Clear 13.00 41.75
13 Apr. 12, 2013 Mist, haze 10.75 53.75
14 Apr. 14, 2013 Clear 11.00 58.25
15 Apr. 16, 2013 Clear 12.25 61.25
16 Jun. 15, 2013 Mist, haze 6.75 82.50
17 Jun. 16, 2013 Mist, haze 9.00 81.25
18 Jul. 09, 2013 Clear 12.75 76.50
19 Jul. 10, 2013 Clear 15.25 74.00
20 Jul. 11, 2013 Clear 14.00 73.50
21 Jul. 12, 2013 Clear 12.25 74.50
22 Aug. 05, 2013 Clear 12.50 74.25
23 Aug. 06, 2013 Clear 14.00 64.75
24 Aug. 07, 2013 Clear 14.00 63.75

company, China). The principles  of operation for the instrument
have been reported in the literature (Wang et al., 2010). The
Andersen Mark-1I cascade impactor collected aerosol particles in

nine size bins; the mass concentration of each level was
determined using Teflon membranes. The aerodynamic cutoff
points at a flow rate of 28.3 L/min were as follows: 9.0, 9.0-5.8,
5.8-4.7,4.7-3.3,3.3-21, 2.1-1.1, 1.1-0.65, 0.65-0.43,and 0.43 m.
The aerosols were continuousl y collected over a 24-hr period
from 8:00 am to 8:00 am the following day. The membranes were
weighed using a MX-5 microbalance (MX-5 microbalance, Mettler
Toledo, Switzerland) following a constant temperature and
humidity treatment both before and after sampling. The
microbalance was calibrated usi  ng standard weights. The weight
difference before and after sampling was considered to represent

the particle weight. The membranes were refrigerated and stored

in the dark prior to analyzing the water-soluble ion contents of

the particles.

1.3. Analytical methods for water-soluble ions

Water-soluble ions (Ca  2*, Mg?*, Na*, K*, Cl , NO3, SO} , NH}, and
NO,) were measured using a 850 ion chromatograph (850 ion
chromatograph, Metrohm, Switzerland). The chromatograph
includes a column oven, a conductivity detector and an 858

auto-injector with a soft workstation employing MagIC Net
software (Metrohm, Switzerland). The columns included a
Metrosep C 4 150/4.0 separation column and a Metrosep A
Supp 5 150/4.0 separation column. The eluent was 3.2 mmol/L
Na,COs; + 1.0 mmol/L NaHCO ; for anions and 1.7 mmol/L
HNO3 + 0.7 mmol/L pyridine carboxylic acid for cations. The
column temperature was 30 °C, the flow rate was 1.0 mL/min,
and the injection volume was 20 L. Solution preparation and
dilution used ultra-pure water with a resistivity of 18.2 M

2. Results and discussion

2.1. lonic concentrations in total suspended particulate

The ion concentrations measured in the sampled aerosol
particles in Hefei are presented in Table 2. The annual average
total suspended particulate (TSP) mass concentration was
169.09 g/m2, and the seasonal average mass concentration
was highest in winter (234.73 g/m?) and lowest in summer
(91.71 g/m ). Water-soluble ions accounted for 45.41% of the
average aerosol mass concentration, with seasonal values of
59.49% (winter), 32.90% (spring), 48.62% (summer) and 37.08%

Table 2 —lon concentrations in total suspended particulate (TSP) during all four seasons in Hefei (unit:

Na* NHZ K* ca?t Mg?2* cl NO, NO3 SO; Aerosol mass
Winter 1.17 21.35 1.92 15.79 1.00 3.62 0.55 50.58 40.10 234.73
Spring 1.29 5.13 1.16 13.96 0.82 1.77 0.43 11.51 13.78 162.42
Summer 1.09 4.36 0.77 11.31 0.56 1.54 0.62 8.09 12.65 91.71
Fall 1.34 8.12 1.73 13.62 0.78 1.95 0.52 21.59 16.54 187.50
Mean 1.22 9.74 1.40 13.67 0.79 2.22 0.53 22.94 20.77 169.09
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Table 4 - Ion concentrations in PM, s in several Chinese cities (unit: g/m?3).

Sampling time 5032 NO3 cl- NH; Na* Cca?* Mg+ K* Remark
Hefei Sep. 2012-Nov. 2013 15.56 15.14 1.21 7.82 0.48 5.24 0.30 0.96 This study
Shanghai 2003-2005 10.39 6.23 3.00 3.78 0.57 1.28 0.95 1.37 Wang et al., 2006b
Beijing 2009-2010 19.10 20.50 2.90 6.40 0.50 1.50 0.20 1.70 Zhao et al,, 2011
Jinan Oct. 2007-Dec. 2008 38.30 15.80 4.20 21.30 1.20 0.80 0.10 2.40 Gao et al,, 2011
Mount Huang Jun. 2011-Aug. 2011 5.72 0.55 0.21 1.77 0.19 0.73 0.02 0.23 Wen et al., 2013

concentrations in PM, 5 followed an order similar to TSP: SOz~
> NOj3 > NHj > Ca’* > CI” > K* > Na* > Mg?* > NO3. The major
ions were also SO3-, NO3, NHj, and Ca?*. The mass concen-
tration of Ca®* in PM, s was lower than in TSP, indicating that
Ca®* was primarily in coarse mode particles. In addition, the
ion with the highest concentration in our study was SO~ and
75% of the total SO~ was found in PM, s. The fraction of NO3 in
PM,s was only 66%. The PM,s levels in Hefei were consis-
tently higher in winter than in spring, summer and autumn.
The peak concentrations for most of the water-soluble ions in
PM, s, including SO3~, NO3, NHZ, Ca®*, CI-, K¥, and Mg**, were
recorded in winter. The minimum concentrations of SO3-,
NO3, NHZ, CI7, and K* in PM, s were recorded in summer,
which may be related to local meteorological conditions.
Similar variations were previously reported in Guiyang
(Xiao & Liu, 2004).

The concentrations of the dominant water-soluble ions
were compared to those recently reported at various sites
in China (Table 4). Considering the rapid changes in Chinese
emissions that have occurred, only results for the last 10 years
are included. As shown in Table 4, the mean sulfate concentra-
tion in Hefei was higher than in Shanghai (10.39 pg/m® and
Mount Huang (5.72 pg/m®) and lower than in Beijing
(19.10 png/m?® and Jinan (38.30 ug/m®). Sulfate originates
primarily from industrial emissions. However, Anhui Prov-
ince is a large agricultural province, and the study site in
Hefei was located in a residential area with no influences
from industrial activities; thus, the observed sulfate concen-
trations were low. In summer, the sulfate concentrations in
Hefei and Mount Huang were 9.42 and 5.72 pg/m?, respec-
tively, which is indicative of widespread regional sulfate
pollution. The order of nitrate concentrations was identical
to that of the sulfate concentrations. The nitrate concentra-
tions in Hefei were the third highest among the five cities
listed in Table 4 and were comparatively high (15.14 ng/m?).
The high nitrate concentrations in Hefei were due to the site’s
location near a roadway with heavy traffic and exposure to
automobile exhaust. The nitrate concentrations were closely
linked to the concentrations of nitrogen dioxide. Since 2006,
nitrogen dioxide concentrations have noticeably increased in
east China (Shi et al., 2010), which explains the low nitrate
concentrations in Shanghai between 2003 and 2005. Gener-
ally, soil is considered to be the primary source of Ca®*, Mg**,
and K*. The average Ca’* concentrations in Hefei were the
highest among the assessed cities (Table 4), which was
possibly due to the large-scale construction of city infra-
structure in Hefei. Several large construction sites are located
within a 5-km radius around the sampling site, including
Hefei Metro Line 2 and a residential community. These
construction activities may have resulted in the observed
high calcium concentrations. The concentrations of K*, Na*,

and CI” in Hefei were relatively low compared to the other
cities listed in Table 4 except for Mount Huang; these
ions primarily originate from biomass combustion and sea
salt. The ammonium concentrations in Hefei were only
one-third those in Jinan, although they were higher than in
the other three cities. Generally, the mass concentrations of
water-soluble ions detected in Hefei were moderate com-
pared to the five sites and were less than in the more
economically developed area (Jinan).

2.3. Size distribution of water-soluble ions

The Andersen Mark-II cascade impactor has nine uneven
aerosol particle size bins. Thus, the measured mass concen-
tration of each level is not a precise determination of the aerosol
size distribution. To objectively analyze aerosol characteristics, a
distribution function of the mass concentration (q) is used (Kong
et al,, 2010; Xu et al., 2012a):

dc
1
q /Adlg By o1p

where, dC is the observed mass concentration of each level, and
d Ig D, is the logarithmic difference between the maximum and
the minimum aerosol diameter of each level. The mass median
aerodynamic diameters (MMADs), which represent the central
tendency, are used as metrics to compare the size distribution
data.

Fig. 2 shows the seasonal size distributions of water-soluble
ions in Hefei. Most of the inorganic species exhibited bimodal
distributions. The most important water-soluble ions, i.e., NHJ,
NO3z, and SO3™, had similar sizes. These species were bimodally
distributed in spring, summer and fall, with one mode peaking
at 0.43-0.65 pm and another peaking at 2.1-5.8 um, which was
similar to the size range measured at the Linan Station (Xu et al.,
2012a). However, the three water-soluble ions (i.e., NH%, NO3 and
SO%") exhibited a single mode that peaked at about approxi-
mately 0.43-1.1 pm in Beijing (Xu et al., 2007). In winter, the size
distributions were unimodal, peaking at 1.1-2.1 um, possibly
due to high-humidity conditions, which was previously ob-
served in Hong Kong (Zhuang et al., 1999). The mass concen-
trations of sulfate, nitrate and ammonium were predominantly
in the fine mode, with low MMADs of 1, 1.32 and 0.95 um,
respectively. The mass concentrations in winter were
noticeably higher than in the other seasons, with the lowest
concentrations occurring in summer. The peak size range for
calcium was approximately 4.7-5.8 um, and the ratio of the fine
mode to coarse mode was high. The largest MMAD was
approximately 3.31 pm, because calcium originated primarily
from the coarse-grained sand used in city construction. Kong
et al. (2010) and Geng et al. (2010) also obtained a similar size
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2012a,2012b), whereas it was only 0.06 in Hefei, which
suggests that Ca* in Hefei is mainly generated from local soil
sources.

3. Conclusions

This study determined size-classified daily aerosol mass
concentrations of aerosol particles and concentrations of
water-soluble inorganic ions (i.e., NHj, Ca®*, Mg®*, Na*, K*,
Cl~, NO3, SO3, and NO3) in Hefei, China, using an Andersen
Mark-II cascade impactor. The main conclusions were as
follows.

Water-soluble ions were the primary fraction of the
atmospheric aerosols in Hefei, accounting for 59.49% (winter),
32.90% (spring), 48.62% (summer) and 37.08% (fall) of the total
aerosol concentrations. The four most abundant water-soluble
ions were NO3, SO2~, Ca?*, and NHj, and the maximum
contribution of the four ions to the total concentrations in the
water-soluble ions was 87.40%. The seasonal variability in the
water-soluble ions was noteworthy. For most of the ions, the
concentrations were highest in winter and lowest in summer.
Compared with other Chinese cities, the water-soluble ion mass
concentrations in Hefei (except for Ca?*) were in the interme-
diate range. The size distribution of water-soluble ions was
found to depend on local sources, reaction conditions, and
long-range transport. In Hefei, sulfate, nitrate, and ammonium
were the dominant fine-mode species, which were bimodally
distributed; however, in winter, these species exhibited unimodal
distributions. The calcium peak was in the coarse mode (4.7—
5.8 um) in all seasons. The ratio of cations to anions can be used
to indicate the acidity of aerosols; this ratio was found to be 1.4
in Hefei, indicating that the aerosol particles were alkalescent.
The NO3/SO;~ ratio indicated that mobile sources had a
considerable contribution to the observed urban aerosol. The
average NO3/SO3~ mass ratio was 1.10 (i.e,, greater than 1) in
Hefei, which indicated that mobile source emissions were
dominant. Significant positive correlation coefficients were
also confirmed between the concentrations of NHj and SO3,
NH; and NO3, SO3~ and NO3, and Mg”* and Ca**, which indicated
that aerosol particles may consist of (NH,4),SO4, NH,HSO,4 and
NH4NOs.
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