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Abstract: PM;, and PM, 5 samples were collected at the 1100 site of Mt. Halla in Jeju Island during 2011~2012,
and their ionic and elemental species were analyzed, in order to investigate the characteristics of emission sources
as well as aerosol compositions. The mass concentrations of PM;, and PM, s were 22.0+13.1 pg/m® and 11.3+6.1
ug/m’, respectively, showing 2.4~2.6 times lower than those of the capital city area of Korea. The composition
ratios of major secondary pollutants (nss-SO,%~, NH,*, and NO;y") were the highest as 85.5 % for PM,, and
91.3 % for PM,, and followed by the order of marine (Na*, CI, and Mg>"), organic acid (HCOO™ and CH;COO"),
and soil (nss-Ca?") sources. Among the elemental species in PM;, soil-originated components (Al, Fe, and
Ca) were consisted of 50.9 %, which was higher proportion than marine and anthropogenic elements. The
acidification of the fine particulate matters was found to be influenced mostly by sulfuric and nitric acids, and
these acids were mainly neutralized by calcium carbonate in PM;y and by ammonia in PM,s. The clustered
back trajectories showed that 47 % of total air mass inflows was from the China, and the concentrations of

NO;~ and nss-Ca** were especially high corresponding to the inflows.
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Table 1. Instrumental conditions for the ion chromatographic analysis.

Instrumental Cation Anion Organic acid
I Metrohm Modula IC Metrohm Modula IC Metrohm Modula IC

(818 IC pump/819IC detector) (818 IC pump/819IC detector) (818 IC pump/819 IC detector)
Column Metrosep C4-150 Metrosep A-SUPP-5 Metrosep A SUPP 16-250
Eluent 4.0 mM HNO; 1.0 mM NaHCOs/3.2 mM Na,CO; 25.0 mM NaOH/3.0 mM Na,CO;
Suppressor - 100 mM H,SO, 200 mM H,SO,
Flow rate 1.0 mL/min 0.7 mL/min 0.7 mL/min
Injection volume 50 uL 50 pL 100 pL

Table 2. Instrumental detection limit (IDL) and coefficient of variation (CV) for the analysis of ionic species by ion

chromatography (n=7)

Species NH,* Na* K* Ca* Mg** Noks
IDL(ug/L) 0.9-11.9 229.1 53~14.1 4.6~15.1 24-14.8 8.1~253
CV(%) 1.8~6.1 2.4~3.1 4.2~5.1 4.3~6.5 3.6~4.4 2.2~7.2

Species NO;~ CI F HCOO™ CH;COO™ CH;SO5~
IDL(pg/L) 9.0~11.3 2.2~8.0 0.3~1.0 1.0~1.4 1.2~3.2 0.5~1.0
CV(%) 2.7~3.2 0.9~2.0 0.7~2.2 2.1~3.4 2.0~7.9 1.5~2.7
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o]l AR g AFESE o R A F, ICP-OES
(OPTIMA 7300DV, PerkinElmer, USA)2} ICP-MS
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Table 3. Concentrations of water-soluble ionic species and
their ratios in PM10 and PM2.5 particles

) Concentration (ug/m?) Ratio
Species
PMo PM; 5 PMip.25 (PMi0.25/PMa 5)

NH,* 2.04 1.45 0.59 0.4
Na* 0.42 0.12 0.31 2.6
K* 0.20 0.10 0.10 1.0
nss-Ca** 0.29 0.06 0.23 4.0
Mg? 0.10 0.03 0.07 2.2
nss-SO5  5.04 3.71 1.32 0.4
NOs~ 2.65 0.86 1.79 2.1
CI- 0.30 0.09 0.21 23
F 0.02 0.01 0.01 0.9
HCOO™ 0.08 0.03 0.05 1.5
CH;COO~ 0.22 0.13 0.09 0.7
CH;S05 0.02 0.01 0.01 1.2

10.0

8.0 q I

I PMy

SPE !

0.9

:: | iﬂ iﬁ L 1=

NH, Na' K’ nss-Ca® Mg* nss:

Concentration (pg/m3)

i,a ol Iﬂ .

-SOAZ' NO, CI F HCOO CH,COO CH,SO,

Fig. 1. Concentrations of water-soluble ionic species and
their ratios in PM;o and PM;s particles.
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Fig. 2. Composition ratios of water-soluble ionic species in
PM,o and PM, s particles.
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Fig. 3. Concentrations of elemental species in PM;, particles.

Others 6.6%
:Ti, Mn, Ba, Sr,
V, Cr, Pb, Cu,
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Fig. 4. Composition ratio of elemental species in PM, particles.

A AEZn, Pb, Ni, Cu)°] 84%<] H &S HIAT
(Fig. 4). ©]¢} H]S=3k A1 7121 2010-2011 39 AF=
getrtel X8 k= 2ol =43 PM, DA
ol FoE olE EYV]Y HAEEC] 42.8%, fF7]
A AE 27%, A48 719 3.6 %] 2A¥E B

3
Aom 2AHT YTL o A7 AFE V) A1k

o AN SR ArARel FEE Fe
110027 Aol JrhH o2 EF ol %L,

ZASEA T ol & 98] PM e PMys AlE oA #4
H Fhol 2 7h o]0 B EEE HlWE o,
1 AHE Table 49 TE3IATE £ A3} ol
st 1100224 t7]olol2&9] ol &3} Lol T
FEE T2 PMolA ZHzZE 0.147, 0.154 peg/m’,
PM,sol A Z+2F 0.090, 0.094 peg/m’*Z 5 Aol A
2% fAR 3 vERA AT o] X8 PMF PMys
A HA] BFoA] ofol 23} gol29] FHEE §ol
A2 BE e YeEhe 2o Hol uAwx] A
EE2& F2 H,S0,2 HNOsO 93 AHdstd Aoz

Table 4. Comparison between the sums of equivalent concentrations of basic cations and acidic anions in PM;y and PM,;

PM; PM; 5
Cation (ueq/m’) Anion (peq/m®) Cation (ueg/m’) Anion (ueq/m®)
H* 0.012 nss-SO4> 0.105 H* 0.004 nss-SO4> 0.077
NH,* 0.113 NO5 0.043 NH,* 0.080 NO;~ 0.014
nss-Ca®* 0.014 HCOO 0.002 nss-Ca®* 0.003 HCOO™ 0.001
Mg** 0.008 CH;COO 0.004 Mg** 0.003 CH;CO0O~ 0.002
Total 0.147 Total 0.154 Total 0.090 Total 0.094
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PM,, FIAIHA] o] ARE2] Qo8 Aalol e
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Table 5. Rotated Varimax factor analysis for ionic species in PM;o and PM; 5

PM PM, 5
Species
Factorl Factor2 Factor3 Factor4 Factorl Factor2 Factor3 Factor4

NH,* 0.91 -0.01 0.04 -0.08 0.87 -0.07 -0.05 0.34
Na* 0.06 0.04 0.87 -0.03 0.05 0.91 0.06 -0.06
K* 0.78 -0.02 0.04 0.25 0.71 0.21 -0.07 0.41
nss-Ca** 0.35 0.04 0.05 0.77 0.66 0.18 0.07 -0.04
Mg** 0.60 0.11 0.17 0.45 0.72 0.42 0.10 -0.25
nss-SO,*~ 0.87 -0.14 -0.15 -0.02 0.86 -0.08 -0.05 0.14
NO;~ 0.42 0.15 0.35 0.14 0.24 0.06 0.01 0.56
Cl- 0.06 -0.11 0.90 0.13 0.05 0.89 -0.12 0.24
F -0.10 0.01 0.02 0.89 0.11 -0.03 0.03 -0.86
HCOO~ -0.01 0.94 0.02 0.07 -0.01 -0.12 0.81 0.03
CH;COO™ -0.12 0.94 -0.06 -0.01 0.08 0.11 0.90 -0.05
CH;S05~ 0.29 0.49 -0.52 0.05 0.60 -0.25 0.28 -0.17
Eigenvalue 2.97 2.08 2.03 1.70 3.39 1.97 1.59 1.52
Variance (%) 24.7 17.3 16.9 14.2 28.3 16.5 13.2 12.6
Cumulative (%) 24.7 42.0 58.9 73.1 28.3 447 58.0 70.6
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Fig. 5. Clustered back trajectories of air masses corresponding to PM;, sampling date at Mt. Halla-1100 Site.
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Fig. 6. Concentrations of major ionic species in relation to
three inflow types of air masses by clustered back
trajectory.
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