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Abstract: The objective of this study was to determine the acidification of precipitation in the Jeju area.
Precipitation samples were collected from the Jeju area from 2009-2014, and the major ionic species were
analyzed. In the regression analysis, through a comparison of ion balance, electric conductivity, and acid fraction,
the correlation coefficients showed a good linear relationship within the range of 0.927~0.983. The volume-
weighted means of the pH and electric conductivity were 4.9 and 22.7 uS/cm, respectively. The ionic strength
of precipitation was 0.27+0.38 mM, indicating about 35.9 % of total precipitation within the pure precipitation
criteria. The volume-weighted mean concentrations (ieq/L) of the ionic species in the precipitation were in the
order of Na* > CI” > nss-SO,>” > NO;~ > NH," > Mg*" > H" > nss-Ca’>* > PO,>” > K™ > HCOO™ > CH;CO0"
> NO, > F~ > HCO;™ > CH3S05". The acidification contributions by sulfuric and nitric acids were 54.5 %
and 36.5 %, respectively. Meanwhile the acidification contributions by formic and acetic acids were 4.8 % and
4.2 %, respectively. Thus, it was found that the acidification of the precipitation in the Jeju area was mainly
due to the inorganic acids. The neutralization factors by NH; and CaCOs were also 33 % and 20 %, respectively.
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Table 1. Instrumental conditions for ion chromatography analysis

Cation analysis

Anion analysis

Organic acid analysis

IC Metrohm Modula IC

Metrohm Modula IC

Dionex DX-500 Metrohm Modula IC

Column Metrosep Cation C4-150

Metrosep A-SUPP-5

IonPac AG11/ Metrosep A SUPP
IonPac AS11 16-250/4.0

1.0 mM NaHCO;/ 0.5 mM NaOH/ 25.0 mM NaOH/
Eluent 4.0 mM HNO; 3.2 mM Na,CO;s 5.0 mM NaOH 3.0 mM Na,CO;s

753 Suppressor/ . 753 Suppressor/
Suppressor non-suppressed 100 mM H,SO; Dionex ASRS 200 mM H,S0,
Flow Rate 0.9 mL/min 0.7 mL/min 1.1 mL/min 1.0 mL/min
Injection Volume 50 pL 50 pL 200 pL 200 pL

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

Species Na* NH,* K* Ca** Mg?t SO NO;~
IDL (ng/L) 2.2~18.7 1.5~9.6 4.4~17.9 2.4~17.7 2.6~14.8 1.5~25.3 1.2~11.3
CV (%) 0.8~4.9 0.4~2.1 0.8~5.5 0.2~7.7 0.8~4.4 0.1~7.3 0.1~3.2
Species Cl POS NO,~ HCOO™ CH;COO~ F- CH;SO;~
IDL (ng/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 0.4~1.2 0.6~1.3 0.9~1.2 1.1~1.2

Vol. 29, No. 1, 2016



22 Jun-Oh Bu, Jung-Min Song, Su-Hyun Shin, Won-Hyung Kim and Chang-Hee Kang

1, 29} 3t}

23. SHH =4

ARel olEAR FAL AT AAA
NOAA/ARL (National Oceanic and Atmospheric Admi-
nistration/Air Resources Laboratory)ol| A A &3}
HYSPLIT4 (HYbrid Single Particle Lagrangian Integrated
Trajectory, Version 4) ZdS o] &394, 71 4A 5=
GDAS (Global Data Assimilation System)E ©]-83} %
oh12B B Ao = 320 m =S 7|FORE I
o, Tl BT 7 edeZde] A HHF 4

ool el meehs 2 melshe] A B
Ao BARZES 5 (120 AZHE Attt & &
AR M #FE AFHSRL(33.26°N, 126.33°E) AH
< A4

=] [e]
—\L_}‘\:;"C

3. &1 3 nE

o
)
&
q
N
:J—'
N
N
;
i
i
N
20

H

o=z A

S 2 o]FgHS 73 -, ©l L—,—Z] (ion balance)= 4%
g AAAEE YERoF St I Are] S A7AE
I=(electric conductivity)9} 7FFol FEZHE AL
ol AVNAEE e 5 FuAS Bl
HH, o] 2425 4 dolHY Hg=g Hrte
o= 011;}_14 1:1:?5], 1;],__‘4 A (1)34_ );] (2)01] o]gﬂ v‘i‘
(AF, acid fraction)2 AAFSI F %S |3}

T 7ke] AHd S ERlste WHOeRE B4 dolH

o g 32 5 Aok

}0

¢

g

S B 13 i
AF TR )

Aeqey T Aeqy,

AF = —
c
([H_ﬁ) 7AeqH+ +Aeqcy

@

oM Aeqey £ FOIRMH A T2/ B
oleEe] TEItE HAtTH
H*Q] Dl—ak;qcco]dr?

A dolH e A= H7HE 93
FA, A7NHAEE, MRS v oY 3 7EAZ o]
B AERZ/A =32 (QA/QO)E HAsdx, 7 2

d

0

ol‘

Table 3. Comparison of ion balance, electric conductivity,
and acid fraction by linear regression analysis (n=284)

Parameter Correlation Slope Intercept
coefficient (r) P P
Ion Balance (peq/L) 0.979 0.936 22.71
Conductivity (uS/cm) 0.983 0.990 2.02
Acid Fraction 0.927 1.260 -0.01
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Fig. 2. Variation of Ionic concentrations (peq/L) corresponding
to the pH ranges of precipitation.
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Table 4. The volume-weighted mean ionic concentrations (peq/L) of precipitation in Jeju Island and other sites

Site This tudy ~ Anmyendo'® Uljin"’ Okinawa'®  Shenzhen  Shanghai®®  Guangzhou®'
Na* 71.8 57.9 99.7 308.0 11.2 50.1 55.0
NH,* 18.3 45.6 23.0 9.5 335 80.7 70.6
K* 2.9 3.0 4.2 9.4 1.8 14.9 329
Ca** 123 21.8 24.6 25.2 354 204.0 103.6
Mg? 15.9 15.5 249 63.9 33 29.6 17.0
S0 37.2 58.0 44.7 53.9 64.7 199.6 163.3
NO;~ 19.1 352 21.3 7.0 21.9 49.8 53.4
CI- 68.8 68.7 116.5 351.0 20.6 58.3 86.8
PO, 32 - - - - 0.3 -
NO,~ 13 - - - - 0.2 -
HCOO™ 2.5 - - - 0.1 0.04 -
CH;COO~ 2.2 - - - 0.05 0.4 -
F~ 0.8 1.8 1.4 - 1.7 11.0 -
CH;S05~ 0.04 - - - - 0.003 -

"MReport of Global Atmosphere Watch 2013 (2013), '®Sakihama et al. (2008), 'Huang ef al. (2010), **Huang et al. (2008),

DCao et al. (2008)
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Table 5. The volume-weighted mean pH, conductivity (uS/cm) and ionic concentrations (peq/L) of precipitation

Components Spring Summer Fall Winter Overall
(n=65) (n=101) (n=1359) (n=159) (n=284)
Precipit. (mm) 1475 4486 1733 1117 8811
pH 4.8 5.1 4.8 4.5 49
Conductivity 21.6 13.8 28.4 49.7 22.7
H 15.6 8.0 15.0 29.7 13.5
Na* 44.1 49.9 102.3 150.9 71.8
NH4 252 104 18.0 39.8 183
K* 24 1.9 43 5.5 2.9
nss-Ca*" 143 5.2 5.6 23.4 9.1
Mg* 11.4 10.7 229 32.5 159
nss-SO4* 383 15.0 28.6 68.1 28.5
NO;~ 21.4 10.4 22.7 447 19.1
Cr 442 46.6 100.3 142.2 68.8
PO, 1.8 2.5 4.0 6.7 32
NO,~ 0.6 1.3 2.1 1.3 1.3
HCO;~ 0.3 0.6 0.3 0.2 0.4
HCOO~ 4.4 2.0 1.5 3.7 25
CH;COO~ 2.8 2.3 1.7 22 22
F 1.0 0.7 0.7 0.9 0.8
CH;S05~ 0.1 0.04 0.0, 0.04 0.04
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Table 6. Acidification contributions (%) of acidic anions in

precipitation
Species nss-SO,>~ NO;~ HCOO™ CH;COO~
Contribution 54.5 36.5 4.8 4.2

Table 7. Neutralization factors (NF) by ammonia and calcium

carbonate
Specics NF NF Free acidity
P (NH,")  (nss-Ca) (%)
Neutralization Factor 0.33 0.20 22.0
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Fig. 3. Correlations between Z([HH[NH;T+[nss-Ca*']) and
3([nss-SO2 HNO; HHCOO HCH;COO ).

34. 25 dE9 /Y 4=
h71ed=de A7e ol A= =7 2k 7l
ek "t Aol ofo) tigk A& et 2ALTL
g g sith. 2gu el w7 7 WA BE 59
A 19509 B B9 57
=2

=

4
o
ol
il
}a)
=
M
Au)
il

T

. 3 FEoAlo} A H ¢ H
19803 =, SWHLE] EANETS} LTP 59 &
of X9 7| e d=d e AAz olFd g A+7t
&Aooz FY= Juk! o|HH | edEd

7V 72 97 EAE O 27}

o
Y
k)
o
ol
2
lo
o
K

=
(cluster analysisyS AA|5le] 7172 &
o TN F 28400 AL T AA T frAE
o] LA w2 /|5 A< de
=R, BF 3 2R BFRAAT
3}ek JAAFL Cluster 1 (Z=HF)°] 30% (84 7N),

Fig 4. Clustered 5-day back trajectories of air masses
corresponding to precipitation sampling date.
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Fig. 5. Variation of NH,", NO;, nss-Ca*", and nss-SO*
concentrations in relation to three inflow types of air
masses by clustered back trajectory.
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