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Pollution Characteristics of Ambient Fine Particulate Matters
at Mt. Halla-1100 and Gosan Sites in Jeju Island

Jung-Min Song', Sook-Young Park'!, Hee-Ju Kang', Won-Hyung Kim', and Chang-Hee'’

"Department of Chemistry and Cosmetics, Jeju National University, Jeju, 63243, Korea
Received August 24, 2019 / Revised September 11, 2019 / Accepted September 17, 2019

Ambient fine particulate matters of PM,, and PM, 5 were collected at the Mt. Halla-1100 site (a site at an
altitude of 1100 meters on Mt. Halla) and the Gosan site, which comprise a typical mountainous site and
coastal background site, respectively, on Jeju Island. The major water-soluble ionic species of these sites were
analyzed. The average mass concentrations of PM;, and PM, s at the Mt. Halla-1100 site were 0.59 times lower
and 0.78 times lower, respectively, than those at the Gosan site. The composition ratios of the major secondary
air pollutants (nss-SO,>, NO;", and NH,") of PM,, and PM, 5 were 86.2% and 93.2%, respectively, at the Mt.
Halla-1100 site, while those at the Gosan site were 67.7% and 87.2%, respectively. These results show the
comparatively larger contributions at the Mt. Halla-1100 site. The principal component analysis reveals that the
main affecting factors for the ionic compositions of PM,, and PM, s particles at both sites are the anthropogenic
emission sources, especially the comparative influence of organic acids at the Mt. Halla-1100 site, and the
marine sources at the Gosan site. Based on the neutralization factors, the fine particulate matters were acidified
mainly by sulfuric and nitric acids, and the neutralization was relatively caused by calcium carbonate in PM,,
particles and ammonia in PM,  particles. The clustered back trajectory analyses indicated that the major ionic
concentrations of PM,, and PM, 5 comparatively increased when the airflow moved from continental China
and the Korean Peninsula. The polluting influence from China was apparent in the upper planetary boundary
layer (PBL) compared with that at ground level.

Key words: PM,,, PM, s, Mt. Halla-1100 site, Gosan site, Planetary Boundary Layer (PBL)
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FEE WHO A7FQ0 pg/m’)d FA1F 525
e Zog AT T3 U timA] Z<<l
Mg, 771, J1d, FAF AGeA SAE PM,, HF
(578, 64.5, 61.2, 59.4 pg/m’)9} Bl EA )5 A|Y
o wla] 11002A1E 2.8~3.18, AR 1.6~1.84] O
W $eE Hol AR wiAERY 248 A5 e
Zoz wolh ¥ F ]2 PM, &= 20183 3Y
o Zake BAE/NF@ABE 15 pgm’) vl S

el 982 B1E 4 A

d

3.2. O|2ME &

PM, @ PM, s PIAIRRIOA 7} 8740 o] 4w
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(non-sea salt) &EZ, ‘[nss-SO,>]=[SO,>]—[Na'] x

Table 1. Instrumental detection limit (IDL) and coefficient of variation (CV) for IC analysis (n=7)

Species NH," Na* Ca** Mg** So,*

IDL (ng/L) 1596 3.1-9.0 40-13.0 24-177 12-119 1552
DL (ng/rn3) 1.9~11.9 3.9~11.2 5.0~16.2 3.0~22.0 1.4~14.8 1.9~6.5
CV (%) 0.4~2.1 0.8~2.8 0.8~3.2 0.2~5.6 0.4~2.9 0.1~1.7
Species NO; cr HCOO" CH,COO" CH,S0;
IDL (png/L) 1.2~8.1 1.2~3.7 0.1~2.9 0.5~4.1 0.6~2.8 0.2~2.7
DL (ng/m3) 1.5~10.1 1.5~4.7 0.1~3.6 0.7~5.1 0.8~3.5 0.3~3.4
CV (%) 0.1~2.5 0.8~0.2 0.3~2.2 1.5~3.0 1.8~1.9 0.7~1.7
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Table 2. Concentrations of ionic species and their ratios in PM;, and PM, 5 particles at Mt. Halla-1100 and Gosan sites

Concentrations (pg/m°) Ratio

Species PM,, PM, 5 Halla-1100/Gasan

Halla-1100 Gasan Halla-1100 Gasan PM,, PM, 5
NH," 2.06 2.65 1.83 2.39 1.1 1.1
Na* 0.40 233 0.11 0.69 3.5 3.4
K* 0.19 0.26 0.13 0.16 1.5 1.6
nss-Ca”" 0.24 0.19 0.05 0.08 4.8 25
Mg** 0.09 0.29 0.03 0.08 3.0 3.5
nss-SO,> 5.45 6.34 5.04 6.49 1.1 1.0
NO;y 1.85 3.39 0.59 0.88 3.1 3.8
Cr 0.29 2.57 0.08 0.23 3.6 11.3
F 0.02 0.03 0.01 0.01 1.4 2.7
HCOO" 0.07 0.07 0.03 0.07 2.4 1.0
CH;CO0O" 0.18 0.17 0.09 0.10 1.9 1.7
CH,;SO05 0.03 0.01 0.01 0.01 25 0.8

Cl, 2.7%

Others, 2.7%
: F, HCOO:,
CH3COO" CH3S05

Na*, 3.7%
K%, 1.7%
nss-Ca?*, 2.5%

Mg?*, 0.9%

Others, 1.5%
: F-, HCOO-,
CH3COO- CH;SO5

K* 1.4%
nss-Ca?*, 1.1%

Mg?*, 1.6%

Fig. 1. Composition ratios of water-soluble ionic species of PM,, at Mt. Halla-1100 (left) and Gosan (right) sites.

NO3', 7.4%

Cl, 1.0%
Others, 1.8%
: F-, HCOO-,

Na*,1.4%

K*, 1.6%
nss-Ca?*, 0.6%

Mg?*, 0.4%

Fig. 2. Composition ratios of water-soluble ionic species
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CH3COO- CH;S04

o Mo 4

NO3’, 7.9%
Cl, 2.0%

Others, 1.7%
: F, HCOO-,
CH3;COO- CH;S04

Na*,6.2%

K*, 1.4%
nss-Ca?*, 0.7%
Mg?*, 0.8%

of PM, s at Mt. Halla-1100 (left) and Gosan (right) sites.
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Table 3. Comparison between the sums of equivalent concentrations of basic cations and acidic anions in PM;, and PM, 5

particles
) Concentration (peq/m?), PM,, Concentration (peq/m®), PM,
Site Cation Anion Cation Anion

H 0.011 nss-SO,>  0.112 H 0.004 nss-SO,~  0.094

NH,* 0.108 NO; 0.025 NH," 0.094 NO; 0.007

Mf'l gg“a nss-Ca®*  0.012 HCOO 0.002 nss-Ca®*  0.002 HCOO 0.001

Mg 0.011 CH;COO™  0.002 Mg 0.004 CH;COO™  0.001

Total 0.142 Total 0.141 Total 0.104 Total 0.103

H 0.010 nss-SO,>  0.120 H 0.005 nss-SO,>  0.104

NH,* 0.133 NO; 0.049 NH,* 0.108 NO; 0.012

Gosan nss-Ca®*  0.011 HCOO 0.002 nss-Ca®>*  0.003 HCOO 0.001

Mg? 0.024 CH,COO™  0.002 Mg?* 0.004 CH,COO™  0.001

Total 0.178 Total 0.173 Total 0.120 Total 0.118
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Table 4. Principal component analysis for PM,, ionic species at Mt. Halla-1100 and Gosan sites
. Mt. Halla-1100 Gosan
Species
F1 F2 F3 F4 F1 F2 F3 F4
NH," 0.91 —-0.01 -0.14 0.17 0.93 —-0.28 0.02 0.07
Na” —-0.06 -0.12 0.90 0.06 —-0.05 0.95 —-0.04 0.05
K* 0.72 0.04 0.10 0.11 0.60 0.33 0.06 —-0.09
nss-Ca’®" 0.54 0.02 0.25 0.53 0.52 0.18 0.29 -0.22
Mg** 0.36 0.07 0.52 -0.53 0.36 0.76 0.19 0.11
nss-SO, > 0.91 —-0.06 —-0.12 -0.13 0.87 -0.25 0.07 0.07
NOj 0.36 0.00 0.15 0.59 0.79 0.05 —0.04 0.13
Cr —-0.04 -0.12 0.92 0.12 —-0.10 0.95 —-0.03 —0.01
F -0.01 0.03 0.00 0.68 0.05 0.12 —-0.07 0.87
HCOO —-0.06 0.93 0.02 0.05 0.07 0.08 0.89 —0.13
CH5COO —-0.10 0.94 —-0.07 0.14 0.02 —-0.02 0.65 0.57
CH3SOy5 0.20 0.63 -0.27 -0.21 0.32 —-0.42 -0.13 —0.05
Eigenvalue 2.8 2.2 2.1 1.5 3.1 2.9 1.4 1.2
Variance (%) 233 18.1 17.8 12.6 26.0 23.9 11.5 9.9
Cumulative (%) 233 41.4 59.2 71.8 26.0 49.9 61.4 71.3
Table 5. Principal component analysis for PM, 5 ionic species at Mt. Halla-1100 and Gosan sites
. Mt. Halla-1100 Gosan
Species
F1 F2 F3 F4 F1 F2 F3 F4
NH," 0.86 -0.07 0.39 0.14 0.96 —0.04 —0.11 0.04
Na* —-0.08 0.09 —-0.03 0.75 —0.09 0.03 0.77 0.47
K* 0.33 -0.11 0.63 0.47 0.78 0.01 0.10 0.01
nss-Ca”* 0.24 0.03 0.17 0.76 0.12 0.78 —-0.11 0.20
ng 0.60 -0.36 -0.41 0.03 0.08 0.77 0.27 0.48
nss-SO,> 0.89 —-0.01 0.28 0.17 0.90 —-0.06 -0.17 0.18
NO;5” -0.13 -0.21 0.75 0.10 0.67 0.20 0.31 -0.35
Cr 0.08 —-0.65 0.13 0.49 —-0.08 —0.01 0.90 —-0.02
F 0.02 0.82 —0.14 0.17 0.11 0.17 0.14 0.86
HCOO 0.21 0.27 0.73 -0.03 0.02 0.97 —-0.01 —0.06
CH,;COO 0.05 0.85 0.20 0.07 -0.06 0.95 0.02 —-0.04
CH;SO5 0.68 0.26 —0.19 —-0.05 0.61 0.16 —0.30 0.10
Eigenvalue 2.58 2.15 2.03 1.70 322 3.14 1.73 1.39
Variance (%) 21.5 17.9 16.9 14.2 26.8 26.2 14.5 11.6
Cumulative (%) 21.5 394 56.3 70.5 26.8 53.0 67.4 79.0
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F WA 1Z= Na', CI, Mg™, AlAleh i) 1zlells AF 11003241 S48471 2kl $1A131A e o] Ja-2
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Fig. 3. Clustered back trajectories of airflow pathways that correspond to PM,, sampling date.
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Table 6. Concentrations (ug/m’) of NH,", NO;", nss-SO,*, and nss-Ca** components that correspond to clustered back

trajectory analyses

Pathway Mt. Halla-1100 Gosan

NH," NO; nss-SO,>  nss-Ca®* NH," NO;y nss-SO,>  nss-Ca®"
Cluster 1 1.89 1.98 5.06 2.44 3.63 5.67 0.25
Cluster 2 2.22 1.46 6.18 0.19 2.76 3.03 6.65 0.20
Cluster 3 1.56 0.61 4.54 0.08 1.42 1.48 4.26 0.13
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