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From 2011 to 2013, precipitation samples were collected at the 1100 m Site of Mt. Halla on Jeju Island,
Korea, which is a background site located in the upper atmospheric boundary layer. To investigate the chemical
compositions and pollution characteristics of precipitation, ionic species were analyzed. In the comparison of
ion balance, electrical conductivity, and the acid fraction, the correlation coefficients were high (> 0.9), rep-
resenting good reliability of the analytical data. The volume-weighted mean pH and electrical conductivity of
the precipitation samples were 4.95 and 15.1 pS/cm, respectively. Furthermore, the ionic strength of pre-
cipitation was 0.15 + 0.17 mM, indicating that about 46.6% of all precipitation samples were within the pure
precipitation criteria. The acidification contributions by sulfuric acid and nitric acid were 58.8% and 32.6%,
respectively, while that of organic acids, such as formic and acetic acids, was 8.7%. Meanwhile, the neu-
tralization factors by ammonia and calcium carbonate were 30.1% and 25.2%, respectively. The clustered back
trajectory analysis showed that the concentrations of the major precipitation species were relatively higher
when the air masses originated in continental China and the Korean Peninsula, compared to the case of inflow
from the North Pacific Ocean.

Key words: Precipitation, 1100 Site of Mt. Halla, Acidification contribution, Neutralization factor, Back tra-
jectory analysis
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W% A2e| pH= pH ®]EJ(ORION, 720A, 81-02
Electrode, USA)E AFE-3l] =430t 74 2159
ARE BFHsle] 25°C Az - F 2439,
pH "El& Orion AFe] pH 4.105} 6.97 %8 (low
ion strength buffer)e ARE-3le] BASIGTH A7 =
T+ AxEuE(Thermo Electron, ORION 3 STAR,
013005MD Electrode, USA)E Alg-3l] Z7g31t).
pHe} "EWIAE A5 2%+ of 25°C7) HEE X
A3, KCl E589(146.8 uS/cm)yg ARg-sle] w
A3t
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Table 1. Instrument conditions for the ion chromatography analysis

Instrument Cation Anion & Organic Acid
IC Metrohm Modula IC Metrohm Modula IC
Column Metrosep Cation C6 Metrosep A-SUPP-16
Eluent 3.0 mM nitric acid 7.5 mM Na,CO4
Suppressor - Metrohm 753 (200 mM H,SO,)
Flow rate 0.9 mL/min 0.8 mL/min
Injection volume 25 uL 100 pL

Table 2. Instrument detection limit (IDL) and coefficient of variation (CV) for the ion chromatography analysis (n=7)

Species Na™ NH,™ K* Caz+ Mgz+ SO2 NOy
IDL (ug/L) 2.2~18.7 1.5~9.6 4.4~179 24~17.7 2.6~14.8 1.5~25.3 1.2~11.3
CV (%) 0.8~4.9 04~2.1 0.8~5.5 0.2~7.7 0.8~4.4 0.1~7.3 0.1~-3.2
Species cr PO NO, HCOO  CH,CO0" F CH,SO;
IDL (ug/L) 1.2~8.0 21.8~25.1 11.6~12.0 0.7~-1.9 0.9~2.0 1.4~1.9 1.7~1.8
CV (%) 0.2~2.0 6.5~8.3 3.1~-4.3 0.9~1.2 04~1.2 0.6~1.3 1.1~1.2
© Metrosep A-SUPP-16 columnS A3t & o AZw2 gelslr] 9lal ©]5A(on balance) H]
AAZAL Aldrich AHe] 12 EFEES AMgste]  wy, 24 A7|A%E(Electric conductivity)2h 7+
1000 mg/lL SH-& AZT T o]F H™3] Mg & o2 FTEZHE o|EFOZ ALl o] AHEE
s o

)
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Table 3. Correlation coefficients of ion balance, electric conductivity, and acid fraction from the linear regression analysis

(n=58)

Parameter Correlation coefficient (r) Slope Intercept
Ion Balance (peg/L) 0.991 0.887 16.30
Conductivity (uS/cm) 0.969 0.901 2.60

Acid Fraction 0.933 1.518 -0.03
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Fig. 2. Variation in ionic concentrations corresponding to the pH ranges of the precipitation samples.
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Table 4. Volume-weighted mean ionic concentrations (peg/L) of precipitation at the 1100 m Site of Mt. Halla on Jeju

Island and other sites

Site This study Gosan'”  Anmyendo!” Okinawa'®  Shenzhen'” Guangzhou®” ?‘Zil\l:zzﬁgg
H* 113 12.6 204 11.7 9.5 324 -
NH,* 124 18.2 45.1 9.5 35.2 70.6 50.2
Na* 374 57.6 39.3 308.0 40.3 55.0 97.1
K* 1.6 2.3 24 94 7.2 329 10.9
Mgt 10.7 14.8 11.3 63.9 9.7 17.0 32.6
Ca?t 10.6 15.5 15.9 25.2 77.7 103.6 53.4
S0* 31.0 32,5 45.2 53.9 74.3 163.3 40.5
NOy 13.2 18.4 31.8 7.0 22.1 53.4 15.7
Cr 34.3 67.0 46.2 351.0 379 36.8 63.1
HCO4 0.4 - - - - -
PO 36 - - - - - -
NO, 11 - - - - - -
HCOO" 14 - - - - - -
CH;COO" 2.3 - - - - - -
F 0.7 1.1 12 - 4.5 - -
CH;SO4 0.1 - - - - - -

IDReport of Global Atmosphere Watch 2014 (2014), '®Sakihama et al (2008), “Huang et al. (2008), 2YCao et al. (2009),

2DTsai et al (2011).

Table 5. Acidification contributions (%) of the acidic anions in the precipitation samples

Species nss-SO2 NO; HCOO CH,;COO"
Contribution 58.8 32.6 35 5.1
] 719182 Table 50 2235t} AT 717k 77 NEyy =
Akl ogh ARs) 7142 914%= AFAY 11003 [nss—Ca*'] 4
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& Atz
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Table 6. Neutralization factors by ammonia and calcium
carbonate in the precipitation samples

Species Neutralization factor
NH, 0.301
CaCO4 0.252
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