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Abstract

The collection of rainwater samples was made at Jeju area during
2009-2010, and the major ionic species were analyzed. In the comparison of
ion balance, conductivity, and acid fraction for the wvalidation of analytical
data, the -correlation coefficients were within the range of 0.966 ~ 0.990,
showing a good linear relationship. The volume-weighted mean pH and
electric conductivity were 4.9 and 17.8 pS/cm, respectively, at the Jeju area.
The volume-weighted mean concentrations of ionic species in rainwater were
in the order of CI' >Na' > nss-SO4 > NH, > NO; > Mg* > H > nss-Ca*" >
HCOO > K' > PO, > CHsCOO > NO, >F >HCOs >CH3S0s;. In addition,
the elemental species showed concentrations with the order of Ca> Al>Pb >
Ni>Fe>Ba>Ti>Mn>Sr>V~Cr>Mo>Co~Cd. The ionic strength of
rainwater was 0.26 +0.21 mM during the study period, however it was
decreased to 0.09 £ 0.08 mM for the rainy season. The composition ratio of
ionic species were 50.1% for the marine sources (Na', Mg%, Cl ), 30.9% for
the anthropogenic sources (NHj', nss—SOf*, NOs3 ), and 4.7% for the soil
source (nss—Ca%), beside 3.19%6 for organic acids (HCOO, CHsCOO ). From
the seasonal comparison, the concentrations of NOjs nss—Ca%, and nss-S0,*
increased in winter and spring seasons, indicating a reasonable possibility of
long range transport from China. The correlation coefficient between Na and
Cl was 098, indicating an introduction of sea salts to the rainwater in Jeju
area. Similarly, the high correlation coefficients of NOs nss—SO427, and NH,4
indicate the existence of (NH4)>SO, and (NH4)NOs, neutralizing the acidic
rainwater species each other. The seasonal comparison of the acidification by
nss-SOs and NO; anions showed 41.2~64.8% and 24.2~409 %, respectively,
and the acidification by organic acids showed 7.8~179 2. The seasonal free
acidity was in the range of 22.0%~385%. The factor analysis of ionic

components showed anthropogenic (24.0 %) > sea salt (22.7 %) > biogenic (14.8



%) >soil (9.1%) at Jeju area. The backward trajectory analysis for the
rainwater event days having high nss-SOs~ and NOs concentrations has
showed as from China continent > Korea peninsula > East Sea > The North

Pacific, indicating high influx of air pollutants from China into Jeju area.
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2) Ton Chromatograph
59 84 o2 AHEELZ MetronmAte] Modula Ion chromatograph$t
DIONEXAF] Model DX-500 Ion ChromatographZ Al-g&3le] £23F9dt}. o] of
F8 o] &(Na', NH, K, Ca*, Mg”) ®A o)== Metrosep Cation C4-150 2]
7, &o]2(Cl, NO2, NOs, PO,”, SO) ¥4 ol= Metrosep A-SUPP-5 %27
S AFEsEATh 28 {714AHHCOO, CHsCOO ) ml & o] &(F, CH3SOs3 )2
IonPac AGll/IonPac AS11 #2]#3} Metrosep A-SUPP-16 #&]#& A&319]

A3t a, A&7 25 Conductivity detectorS AF&3FSTh,

3) pH Meter 2 Conductivity Meter

92 pH meter (ORION, Model 720A, USA)®} Combination pH Ross
Electrode (ORION, Model 81-02, USA)E A}&3slo] A3t T3 A7 d e
%=+ Conductivity Meter (Thermo Electron, Model ORION 3 Star, USA)¢} A
= (Orion, Model 013005MD, USA)S Al-&3to] 433t

4) Inductively Coupled Plasma Spectrophotometer
ol d¥ F£594(Al Fe, Ca, Pb)x= ICP-OES (Perkin Elmer, Model
OPTIMA 7300 DV, USA)E AF&3sto] ®EA sttt ICP-OES+  simultaneous



mode 7}5 &, axial/radial plasma A &3 o]l 40 MHzel RF frequencysS A}

@ 5 dus AHo] A

5) Inductively Coupled Plasma Mass Spectrometer
w2k A4(Ti, Mn, Ni, Ba, V, Cr, Co, Sr, Mo, Cd) A%< ICP-MS (Perkin
ElmerA}l, Model ELAN DRC-e, USA)E A}&3te] #4389t ICP-MS+ 40

MHz9] RF frequency s FA+E & JEF FA4 5o o

A AlEe AFdsta AAdsigst £4(33°26 ' N, 126°33 " E)oll 25 A1
o] 20099 1¥€H-¥ 20109 1297bA] wf Z9EE AFHsR o F
Azl = 937 ot - AATY] AFTe AR AFH AFdd A FHRTE
= 5

< WA AHE A Ase AEEE &7 20T 9

S Abgste] RAE YT Conductivity Meter:= 1.0x10° M KCl £9(146.8 1
S/em)# 50x10*M KClI € 4(73.8 uS/cm)< AFg3te] B AS ) olw) KCl &

&2 Aldrich Ao 12 £FE4(99.99%)% 25 ARSste] A3 Aol A
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Table 13} 2t}

3 - .o Z(Xi_;)Q

#¥ 3 A (standard deviation) S = N1

¥ = 7| 4= (coefficient of variation) CV = gx 100 (%)
X

IDL = 3.14 x S (98% confidence level, n = 7)

(3) ol &4

&0]&(S04”, NOs, Cl, POs, NOy )& Fol2¥ nl7hA 2
#H3ste] o7 ¥ Jon Chromatography® &2 EAlo] EA35t¢ct TFAA TS
0.1, 05, 1.0, 50 pg/mL EF&HS Ap&sto] AL, EF&HS 12 B+
B2 ((NH2SO, = 99.999%, KNO; = 99.99%, NaCl = 99.99%, KsPO, = 98%,
NaNO, = 97%)3 x5 AFEste] ZASAY. 55 S0 Metrosep
A-SUPP-5 ®2l#& AH838te] f4 0.7 mL/min, AEF4%F 9 50 uL, &9
1.0 mM NaHCO3/3.2 mM Na>COs, 100 mM sulfuric acid suppressor £ <°] %=
Aoz AT oldd Fol #4119 IC 77|HE3AS WE A5+ Table
13 2o



5ol 714k o] &(HCOO, CH3COO ) % w&F o] &(F, CH3SO03) A2
20T Wes Bt AEE 4T YA A 52 % lon Chromatography =
%+ 10, 50, 100, 500 pg/Lel™,
EFE&AE o5 HEFY Ev A4S e F9o HAyHAA A ATt
(Andreae et al., 1987). F714F Ao+ Dionex IC& Metrohm ICE H 3] 3}o]
Abgsllon, EezaAe tS3 vl DionexAl ICY 4A-$-, E8#& IonPac
AGI113} IonPac AS11, ASRS (SRS 100 mA) Suppressor, Conductivity detector
(range = 1 pS)E ol&sto] 7]&7] oz 48U oju ZgxdL

% 1.2 mL/min, Al5FY5F3 200 pL, €219 05 mM NaOH/5 mM NaOHo|H,

M

84 25 mL/min 422 05 mM NaOH 5%, 5 mM NaOH 4%, ttA] 05
mM NaOH 7% ¢t E#F A4 (Andreae et al, 1987; Hofmann et al., 1997;
Jaffrezo et al., 1998). Metrohm IColA &= Metrosep-A-SUPP-16 +#23&, 100
mM sulfuric acid suppressor &<, 55C column temperature®] o % 4% A
TS BA AT 88 212 7% 15 mL/min, AETFYFI 25 pl,

25.0 mM NaOH/3.0 mM Na,CO3 &g] o]t}

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

Species Na’ NH, K’ Ca™' MgZ+
IDL(ug/L) 2.2~9.1 1.5~6.0 44~13.9 26~15.1 26~14.8
CV(%) 1.1~31 04~18 1.5~4.2 0.8~7.7 0.8~44
Species SO NO3 Cl PO NOy
IDL(ug/L) 1.7~25.3 3.5~11.3 2.2~8.0 21.8~25.1 11.6~12.0
CV(%) 06~7.3 1.0~3.2 06~2.0 6.5~8.3 3.1~43
Species F HCOO CHsCOO CH3S0s3
IDL(pg/L) 1.4~1.9 0.7~19 09~2.0 1.7~1.8
CV(%) 09~1.2 04~12 06~1.3 1.1~1.2




Ao mEg AP EE F AL Fe, Ca, Pb 458 o2 ICP-OESE ° &
skl Attt oluf ICP-OES #4148 #E+892 AccuStandardAhe] ICP-&
1000 pg/mL EF8&4S 108 %3 100 pg/mL A Z&H S wtE & tha] o] A

MR A olu 3

Aol AFR3 fulE wlF(matrix) BRAL st &4 £99(3% HNOy/8%

FE&HS AHe s=2 3435t 0.01~10.0 ung/mL

solution 3(Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cs, Cu, Fe, Ga, In, K, Li,
Mg, Mn, Na, Ni, Pb, Rb, Se, Sr, T1, U, V, Zn)¥} Multi-Element 10 pg/mL
solution 5(B, Ge, Mo, Nb, P, Re, S, Si, Ta, Ti, W, ZrnE &3%3slo] Al-&3 T}

EEPYINE BRGNS o 4L AW FED Aste] RS FEo|

w2l 1.0~500.0 ng/mL W ZE ZAG T ICP-MS 48 X=8d93 Al 59
= 2w Zis FHriste] waElE HAsskvh ol A I A

ICP-MS 717] 2733} A Z&3A = Table 33 2t}



Table 2. Instrumental conditions and instrumental detection limit

(IDL) for ICP-OES.

Instrument : Perkin Elmer, Model OPTIMA 7300DV

Plasma conditions

RF frequency : 40MHz

RF power : 1.40kw

Gas flow rate

Carrier gas : Ar 0.65 L/min

Auxiliary gas @ Ar 0.2 L/min

Coolant gas : Ar 15 L/min

Pump rate : 1.5 mL/min

Nebulizer : Ultrasonic Nebulizer (CETAC Tech., U-5000AT)

Detection Wavelength Detection Limit
Element
(nm) (ng/L)
Al 396.152 0.346~0.628
Fe 259.989 0.628~2.042
Ca 396.847 0.848~2.827
Pb 220.353 0.031~0.314




Table 3. Instrumental conditions and instrumental detection limit (IDL) for

ICP-MS.

Instrument : Perkin Elmer, Model ELAN DRC-e

Plasma conditions

RF frequency : 40MHz

RF power : 1.50kw

Gas flow rate

Carrier gas : Ar 0.9~1.05 L/min
Auxiliary gas : Ar 1.2 L/min

Coolant gas @ Ar 15 L/min

DRC parameters

NHS3 reaction gas flow = 0.1~0.6 L/min
Sampling conditions

Sampling depth : 7mm from work coil
Sampling cone : Nickel, 1.1mm orifice diameter
Skimmer cone : Nickel, 0.9mm orifice diameter
Nebulizer : Cross—flow type

Sampling uptake rate : 1.0 mL/min
Data acquisition

Multi-element mode by peak hopping
Data point : 5 points/peak

Dwell time : 25 ms/point

Integration : 1250 times

Repetition : 3 times

Detection Detection Detection Detection
Element Mass Limit Element Mass Limit
(amu) (ug/L) (amu) (ng/L)
Ti 48 0.063~0.100 Cr 52 0.031~0.063
Mn 55 0.031 Co 59 0.010~0.031
Ni 60 0.031~0.063 Sr 88 0.031
Ba 138 0.031~0.063 Mo 98 0.010~0.063
\Y 51 0.031~0.063 Cd 111 0.020~0.031

_10_
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off
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Figure 1. Correlation of X[Anle, versus X[Catleq

In rainwater.

Table 4. Data quality control parameters and % imbalance.

Regression result % imbalance
Number of point 93 <5% imbalance 43
Slope 1.039 5%-15% imbalance 33
Intercept 8.372 15%-25% imbalance 14
Correlation coefficient(r) 0.971 >25% imbalance 3

96 imbalance = (TCation _TAnion )/( TCation+TAnion ) %100
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Table 5. List of equations for the calculation of conductivity and acid

fraction.
Equation Unit Meanig
0=[H TAeqr+ +2onlegiAegi uS/cm Electric conductivity
Ao, = ijweq_,/leq, uS/cm Concentration-weighted
B average equivalent
A= ;Weq/leqk 1S/cm conductivity
apo 1 A A, _ |
[An] - - — Acid fraction
[——1-4 .
[ +] eqy eqae
0.5
04 A ¢
z
Z 03
2 02
LL.:L
< y=1.306x-0.004
0.1 R?*=0.933 (r=0.966)

0.0 .
0.0 0.1 0.2 0.3 0.4 0.5

AFInn Cone

Figure 5. Correlation of AFpn & Conductivity VErsus

AFIon Conc..
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UERT AFA e F9AR F 22 99 B4 SOL,NO;,NH, Fx&
7+7} 34.3, 17.1, 189 peq/LE YERAITE ol & k] &Fo] Zits] dojues F
9] Shenzhen, Shanghai®} Elo] ¢t W5 A3t vlas]wd SO &= AFA o]
12~578 A YEskal, NOs ,NH, %% 7tz 0.9~29, 1.7~4.4¥%

BhuE AL slstsdnh wd A9 ikt <t

Hhdof] s 7199 Na', Cl 558 ¥ d3Ago A 247 44.0, 47.3 peq/Lo
e WEr Sl Shenzhens A3 U x| A 3ke] mlulo = thE Ao
et A Aol 2 AT A Gl HlE 11~769 =2 F= HEUAT. 579
9 ® o] Okinawax AFA ol H]8] Na', CI s=7F} zZ+zt 78], 769 =& 3+S
e AT

o] 9ox: 20004 FE-olAo}(Fujita et al, 2000)¢F 2007 % A 9 (Arsene
et al, 20070~ R =AA A3 YAA A HolHES FE HusH. ol&
B AF A9 As FHokrobet e Al Al Hlal Q197 FE
o 2 7b vt a8 A AGde gAH R FASE FEE UE
e Aoz gl 53 $vetel 77k =9 Beijing, Nanjing, Jinan
7 JE 9] Tokyo, Otobe 5 SO A9 F=7} 247+ 180~417 peq/L, 112~
165 peq/L, 195~273 peq/L, 32~51 peq/L, 34~109 peq/Le M S vehyA .

NO; A #2] 9o+ 54~123 peg/L, 17~23 peq/L, 49~72 peq/L, 25~34 peq/L,
12~31 peq/L2] WSS Belom NH, J#-2 134~159 peq/L, 45~62 peq/L, 86~
92 peq/L, 19~24 peq/L, 17~25 peq/Le MY S vehy AT}

SO/ AEE 7EoR A& W, T AGe AF Ao nlE) 33~1221 =
A dvetstew, A2 A9 BlzsAY 324 o =A dEut e =
NOs ¢ NH, A& m3gF 2b7; vl szeb Ay 7.2u0, 844 ©f A vebwteh whH o
A9 Nangoku, Oki, Tushima A93 & HA AdeAe S0 HE&
24~29 pea/L, 29~59 peq/L, 27~42 peq/LE YERUSATE NOs Ao 7450l
7~10 peq/L, 8~16 peq/L, 9~19 peq/L, NHy A E& 4~9 peg/L, 9~15 peq/L,
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Table 6. The volume-weighted mean pH and ionic concentrations (neq/L) of

rainwater in Jeju Island and other sites.

Se gy TGesan S oM. Thn e Spben
pH 49 474 481 493 456 4.49 -
NH," 189 36.0 26.5 95 335 80.68 50.2
Na' 44.0 57.8 46.6 308.0 112 50.11 97.1
K’ 3.2 8.1 2.7 9.4 1.75 14.89 109
Ca” 119 154 152 25.2 35.4 203.98 53.4
nss-Ca”’ 10.0 - - - - - -
Mg* 14.1 146 10.4 63.9 3.26 29.64 32.6
S04~ 34.3 476 42.3 53.9 64.7 199.59 40.5
nss-S0/4 289 - - - - - -
NO;- 17.1 24.8 20.4 7.0 21.9 49.80 15.7
cr 473 79.1 46.4 351.0 20.6 58.34 63.1
PO,” 2.8 - - - - 0.33 -
NO, 2.1 - - - - 0.23 -
F 1.2 - 19 - 1.72 11.01 -
HCO; 0.4 - - - - -
HCOO 4.0 - - - 0.10 0.06 -
CH:COO 25 - - - 0.03 0.36 -
CH3SO5 0.1 - - - - 0.005 -

“Rainwater in Jeju Island during the period from January 2009 to December 2010.
"Rainwater in Gosan during the period from entire year of 2004. (Network Center., 2005)
‘Rainwater in Anmyeon during the period from 1997 to 2004. (A4 5 2005)
YRainwater in Tokyo during the period from June 1990 to May 2002. (Okuda et al., 2005)
*‘Rainwater in Shenzhen during the period from March 2005 to November 2009.

(Huang et al., 2010)

"Rainwater in Shanghai during the entire year of 2005. (Huang et al., 2008)

f!Rainwater in Southern Taiwan during the period from May 2005 to December 2008.
(Tasi et al., 2011)
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Table 7. The elemental concentration(ng/mlL) of rainwater in Jeju Island and

other sites.

a . d . e
Site S}Eg; Pstanbul “Athens Mce%l]co SOI%QXV (;Sr;tern Newark
Al 27.1 7660 5.87 50.70 13.80 9.54
Fe 12.4 2750 4.38 - - 8.35
Ca 215.3 660 - - 1980 -
Pb 20.8 1.47 0.88 2.48 1710 0.47
Ti 3.9 - - - - -
Mn 35 - 3.61 9.64 9.94 -
Ni 174 0.77 4.14 3.37 7.24 0.55
Ba 7.6 - - - 7.91 -
\Y% 0.7 6.63 - 5.13 1.19 0.28
Cr 0.8 0.58 1.29 0.52 0.40 0.06
Co 0.1 0.32 - - 0.20 0.02
Sr 1.7 - - - 8.01 -
Mo 0.2 - - - - -
Cd 0.1 - 0.20 0.41 - 0.03

“Rainwater in Jeju during the period from January 2009 to December 2010.
"Rainwater in Istanbul during the period from October 2007 to May 2008.

(Uygur et al,. 2010)

‘Rainwater in Athens during the period from October 1997 to March 1998.
(Kanellopoulou, 2001)

‘Rainwatern in Mexico City during the period from May to October in 2001 and 2002.
(Baez et al., 2007)

‘Rainwater in Southwestern Taiwan during the period from June to September 2004.
(Cheng et al., 2010)

"Rainwater in Newark during the period from June to September 2006 to October 2007.
(Song et al., 2009)
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2) AAE vl
2009~2010d7bA] AlFA Gl A AHAT F 937h] A5 A RE AAEE 5H
(n=26), *]&#(n=16), 7I=#(n=20), A2 (n=13), 28|12 Fv}7]7H(n=18)=
otk 2elar ZA7ke] pH, A7) Ak, olZwk A% AIE Table 89
vebdeh =3 4 AEEY =4S Figure 6~79 =23t}
o 99 Fu7ts pHe 498 yeuldd. ARER 2o Fa7tF
, wl7|zke] Zhzy 49, 48, 4.9, 46, 51& U
Ef At B A7 EEE A7) skl 17.8 uS/ecme g WER AT A
AH 2= 247 194 pS/cm, 17.8 puS/cm, 22.9 uS/cm, 280 pS/cm, 85 pS/cm9
e e AR AV EEs ASHA w1, A 7t v ARE
YeEt Ao, o] of&s ket e Aolo % ZAom AdHn. AHE
ol g AEEWNa, Cl, Mg?)e s=7F 7 Yo, ol gEo] 9194

719 ARl NH)', nss-SOs°, NOy o &=

M

©
T
s
HT
e
2
al{f
s
)
o
)
4
e

T ARV B CI > Na' > nss-SO7 >
NH," > NO; > Mg” > H' > nss-Ca® > HCOO > K' > PO,” > CH;COO
> NO; > F > HCO; > CH3S0; o o= eyt

AdEZE BHo| CI > Na' > nss-SOs > NHy > NO3 > nss-Ca” >
Mg” > H > HCOO > CH;COO > K > F > PO, > HCO; > NO, >
CH:S0;3, oJ&#e&= ClI > Na' > nss-SO,~ > Mg® > H > NH,” > NOj
> nss-Ca” > K° > NO, > HCOO > CH;COO > F > PO; > HCO; >
CH;S0; o]tk 283 7FSelE ClI > Na' > nss-SO > Mg® > NO3 >
NH,” > H > nss-Ca” > K" > NO, > PO > HCOO > CH;COO > F >
HCO; > CH3SO;, ALolE CI > Na' > nss-SO4 > NH, > NO; > H >
nss-Ca®>* > Mg® > PO,;” > HCOO > CH;COO =~ K > NO, > F >
HCO; > CH:SO; <ol 3ith.

T Ful7)7ke) = nss-S0O4 > NOs > CI > Na' = NH, > H' > nss—Ca”'
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> Mg” > HCOO > CHCOO > K = F > NO, > PO/ > HCO; >
CHsSO3 ©1ith. ojwf H'e] 5%+ pH 54 A#Z5E Astd i, HCO;z ¢ &
% pHE ol &3te] [HCO; 1 = 1071179 Hom Axd Aol th(Stumm et
al, 1981; 271 %, 1994; Avila, 1996). ® nss-SO, ¥ nss-Ca’' 2 Hla|d gat
(non-sea salt sulfate)?} Y8l Z(non-sea salt calcium)o. = ofzfo] 2o ¢
& Aakst AztoltH(Seto et al, 2000). 2lolA [SO/], [Ca*], [nss-SO.~],
[nss-Ca”], [Na'l®] ¥ & T¥¥FE(ueq/L)E HER Blo]t),

[nss-SO& 1 = [SO/4] - 0.121 x [Na'l
[nss-Ca®'] = [Ca®'] - 0.044 x [Na']

T2 AR vxE AddEE vudt 435 Table 99 YEFAT U4
HNBEL AF7)7F Boto] Ca > Al > Pb > Ni > Fe > Ba > Ti > Mn > Sr

>Cr >V >Mo>Co~ Cd +£22 Yetgrh AddzE 23 Ca > Al >
Pb>Fe >Ni >Ti >Mn >Ba>Sr >V >Cr>Mo>Co = CdcTez
Uelyton o]&do= Ca > Al > Pb > Ni > Fe > Ba > Ti > Mn > Sr >
Cr >V > Mo > Co > Cd ¢22 yeyut. & 7FeHdol= Ca > Al > Pb >
Ni > Fe >Ba > Mn >Ti >Sr >V = Cr > Mo > Co > Cd, A&H=
Ca>Al >Ba>Pb>Fe>Ni>Ti>Mn>Sr>Cr>V>Mo>Cd >
Co =0l #wl7]7ko= Ca > Al > Pb > Ni > Fe > Ba > Ti > Mn > Cr
> Sr >V > Mo > Co > Cd =22 el

AEE F A e WP Aol & nss-SO4 9 NOs wke Add
2 AolE Rtk WA, nss-SOL v EAHN AgHol| 77t 345, 533 peq/Le]
FAR EL FE YErWen, Fulr|zte 136 peq/LoE 7H e FE e
ek #23 ALH nss-S07 9 FE7F =A UEhYE e 54 AL
53 ALY FFo] A mHTN ALHA R FH= 24

gS we How FAHCL SO E 1xFOR Y] For HEE 7z
3}
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SO, 9 AS-elE UgF 3~10% F=rt sidel A=A <l(biogenic) 7] Yol
B 37F AtH(Arimoto ef al., 1996). %7142l DMS7F v E 5oz S0, &
2 AgHE 2 Aol sof wEE OE A vE o3y BEN AeH
o ©f F7tstsith. ol sgrIde] & sgEe] sof wE Wk WA= FF
J@ch AFEAe] SO, MEFE sheuao] 559%, 1
B 22.9%, AHEE 132%, 7F woF 80% AER 7lodte o EAEI

of 1] A ¥ee

lo
0

siehel B2, 1995). ek Aol BA @ AFREs} vy
7] wel SOl oF edgel thE A

o
l
A3 S0 FEE ANeguths SRERE fd8 2999 9o o 2

E7F 205, 304 peq/Le] #e YEIUS A, 5 H T
Zak7]) 7k 10.8, 135 peq/LE 7FF w& -5 YeEFH AT nss-SO.° ¢ mFE7EA]
2 BEN AgHd s 22 AoR vFo B ou, A Ady 53 ALY
T oJgk Aom FAHHAT NOs v AR AHEF #do] Am 538 A
Aol o3 77k b & Ao® yeida AT EE 5, 1994). 1ela 4k
Eolu Y T 93 AWy 29 T EY F9 NOs o Bt 3
A W7l Fom FdEH Aol &2 = A

NH; ¢ A9 nss-SO&, NO; 9 SAFeA 2(234 peq/L) AL (35.8 peq/L)d
2 #e dUEhia dow, Fwbrzh112 peg/L)ell W& #s HATh o]
nss-SO4 ,NOs 9 o] F&o] 3z} Fol] o AMAFI o] 23 Aow
Gk ol AR A4S FA% A nss-SOs7,NOs,NH,'9] gHafo] A
713k Fetell 30.9% A2 AASATE AAER gl Ay 5 oF, 71, A
- Zyzy 334%, 26.9%, 22.4%, 371.8%E RAT. T Fwlr|tel = 412% 5
Hety it 24 ARdAs srees 2 Anbriite 23 e dEdol M =
S ZAE YEa, BEY AgHE Audoer vde 2448 A

A2 Na', Cl & 7F2 3 AHd 22 78,
o] S UeidY. 53] 7t EAR A
(11.2, 12.6 peg/L)ell Hl&] <F 7wl
2 TRE UsUE Ao Hol g wigo] oF sid YAt wjite]l ol

[

il
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ot Aoz FIAGME S 5, 1994; Carmichael et al., 1997). =4 A=

kel Az, AF71zE Sotol sl AE<Q Na', Cl 9 §Fo] 433% 5 2A 544

Mg e 2AS HYS FAstarh AdEEE 27 41.7%, 46.5%, 55.5%,

36.2%, 255%5 AA TS Rl AN E np kA R TS A M =

S S B Aoz mol 2009~20101 7S He wpge] o3 dd AA
X

nss-Ca® & A3 ALAHo] 24zt 175, 17.1 peq/LE o] EHH b= oF 49, 7}
SH Aupr) el visid s of 258 ¥ =2 #S YERATE o] A7 nss-Ca”
| B2 Agdd EY7199 nssCa’' 7l FE7F B AL AFAGY F F

Fak Bede] 2 Aor HAY FH= HA AL, Aols 530l FRE °

o

I 9lal, o] A7)l nss-Ca” FE7F =2 AL HFAA o|F53 EYPAE]

THH 2 FFE VI Aer FAHAY 53 A H5H

A

7H23.3 ppb)ell Ao R e FEE BT Nidt Badl s%& 247t ]
7H22.2 ppb)¥ AEH(263 pph)ol E=2 FLEE Ak Ve s AZH
(0.9 ppb)el 7HE =& e delA L, AFH 3 Frb7IH0.5 ppb)ell HE g
ATH olAH QA VA EY AES HAACRE AgHA M = B
= HSU Pb A& FE AEAe] Hir|ZbzolA BAH gt fUaE
tER EAEA Ha, Ni, V 52 A7 dirdAHoa T4EE Aoz o4y
A A tHOraviisjiarvi et al., 2003; Fang et al, 2005; %27, 2010). o]& A EE
of AdE A HludAE Fx HludAetes G Anbr|itat o FH- | 7z

224, 194% = 7t =& A4S EAth
s B A A9l Al Ca, Ti, Mn 59 &S AdE=E vwst 23 Al
o Frvt BAEI ALHA Ztzb 323, 338 ppbE M EL S YERALL
Ca9l 459+ Al vh7bA 2 52 (326.8 ppb)d A3 (374.1 ppb)oll 7Hd =
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e §e 1ol o] FA154.6 ppb)T FrF717H132.2 ppb)el WIE o 2~259 e
=5 YUt ol W& M F=7F v Ti A FH(6.0 ppb)t
A%H(6.7 ppb)l i1, o] E (24 ppb)Tt Ful717H24 ppb)el FETF Bheg

o] go] 2 229l Ao WATh nss-Ca’ o vHAIIAR F AL F o]
o] EFol Hitel o& t7] ooz Eel FAEAL, A& NS Al ST
Hl2kel o3 fFUHE Aow FAHEARY T, 2005). 24 AHdAE T

o} mp AR BH I AEHAA 913 855%E M =& 2SS AATES

Aal TuH A Crip Cdol AR =5 AyuEd A Zol= iAoyt
WA AR F AR BEF ALEHA & SR eyl AF5Hd % v E

Both 58 ogld £3% AREE Ralsl od: t]l F AR Aol
A
=

(USEPA, 1997, 719944, 2003). Hg, Cd, Pb, Cu, Zn, As, Cr,
AA el s&A o] For FHEH SN FAHE AdFo] A dE 59,
Cde &%, Hge 7, Pbe o] 450 74 545 do7
w5 7] Tl Fstal e wAEA el F2Eo] AR, 2A0ly 9
b Z7)o wep QIZke] Aoyt AES AFol AA dFS wAL v &
A4 ATk, 2003).

pHSF A7 Fsld] F2 93-S mxE nss-SO,°, NOs, NHy', nss-Ca® 7
o #AE adze Yekdl A3E Figure 89 =4 lvt. L LA 7R
pHS] HeIZ pH 45 ©]&t¢} pH 45~5.0, pH 50~55, pH 55 o] o2 159
v 7kA AR s=E vlusdeh & 93702 AlE Fol pH 50 °]ste] Wt
A9l 54.9%E AHA| 8% AL, F oA pH 45~50%1 4571 409%= 7bd ©

Z
<y
lo
o\
iy
Ap>
rlo

ol
rlo

Rl
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< HE&S AAeteE Ao®m QAT pHE AEE Fe #Ald A= pH 45

olgtel A= Aol S mAE nss-SOL ¢ NOs 7 =
NHy 7 nss-Ca” B} & HxZ Jgugglc) wide] dudo=z
o A= Ao PEe nX= AERTE F3lo ASS v = A

FeE YERR AT

Table 8. The volume-weighted mean pH, conductivity (uS/cm) and

concentrations (peq/L) of rainwater ions.

Spring Summer Fall Winter SRe j;gn Overall

(n=26) (n=16) (n=20) (n=13) (n=18) (n=93)
f;er:fltatlon 579 660 496 324 71 2781
pH 49 48 49 46 5.1 49
Conductivity 19.4 17.8 22.9 28.0 85 17.8
H' 12.1 17.3 14.1 22.9 8.2 139
NH, 23.4 163 17.1 35.8 112 189
Na' 480 44.8 78.0 55.9 112 44.0
K’ 2.4 39 5.8 29 1.4 3.2
Mg™ 13.3 19.1 22.1 15.2 4.1 14.1
nss—Ca”’ 175 48 7.2 17.1 74 10.0
nss-S0,% 34.5 28.9 28.8 53.3 136 28.9
PO> 0.8 0.6 35 144 0.9 2.8
NO, 0.2 35 46 1.4 1.0 2.1
NO;- 20.5 10.8 183 30.4 135 17.1
Cr 50.0 51.9 81.2 53.8 126 473
HCO; 0.4 0.3 0.4 0.2 0.6 0.4
F 1.4 0.9 13 1.1 1.4 1.2
HCOO 6.3 3.1 25 41 39 4.0
CH:COO 3.9 18 2.3 3.0 2.0 25
CH3S0; 0.08 0.1 0.08 0.00 0.08 0.00
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Table 9. The concentrations of rainwater elements (ppb).

Spring Summer Fall Winter SRe 211;2; Overall

(n=26) (n=16) (n=20) (n=13) (n=18) (n=93)
f;ergfltauon 579 660 496 324 721 2781
Al 32.3 276 189 33.8 25.1 27.1
Fe 10.1 13.8 104 215 10.4 124
Ca 326.8 154.6 181.7 374.1 132.2 215.3
Pb 15.7 23.0 18.7 23.1 23.3 20.8
Ti 6.0 2.4 4.0 6.7 24 39
Mn 4.3 1.7 6.5 6.1 14 35
Ni 85 185 176 20.6 22.2 174
Ba 3.5 6.6 7.8 26.3 3.3 7.6
\Y 0.8 05 0.8 09 05 0.7
Cr 05 0.6 0.8 1.1 1.1 0.8
Co 0.08 0.07 0.08 0.09 0.0y 0.1
Sr 2.3 14 19 3.0 09 1.7
Mo 0.2 0.2 0.1 0.2 0.2 0.2
Cd 0.08 0.06 0.07 0.1 0.03 0.1
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Figure 6. Seasonal ionic composition (%) of rainwater.
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Figure 7. Seasonal elemental composition (%) of rainwater.
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Figure 9. Seasonal frequency distribution of ionic strength.
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Table 10. Correlation coefficients of ionic species in rainwater.

nss—

nss—

H NH/ Na K o Mg” S0 PO,/ NO, NO; CI'  HCO; F  HCOO CH;COO  CH;SO;
H 1.00
NH,' 054  1.00
Na’ 035 012 1.00
K’ 022 027 067 100
nss-Ca’”’ 005 047 008 015  1.00
Mg” 041 026 094 074 019  1.00
nss-SO4 | 069 088 023 029 057 037 100
PO 020 035 005 011 002 010 030 100
NO: 004 -007 020 006 -008 021 -003 025 100
NO; 063 077 027 024 044 040 078 026 015 100
cr 040 015 098 067 006 09 025 -001 012 029  1.00
HCO;~ -060 -026 -0.08 009 020 -007 -034 -015 -006 -031 -0.09 100
F 012 032 004 009 022 006 027 005 -012 020 005 018  1.00
HCOO 003 037 009 010 040 016 031 015 -015 027 008 -005 030 1.00
CH:COO 009 044 008 012 033 015 038 014 -021 032 009 -017 031 0.90 1.00
CH:SO; 042 040 009 010 021 021 044 007 019 048 016 -0.14 008 0.19 0.15 1.00
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Table 11. Correlation coefficients of elemental species in rainwater.

Al Fe Ca Pb Ti Mn Ni Ba A%
Al 1.00
e 5440 1.00
Ca 0.54 0.54 1.00
Pb 0.54 0.84 0.62 1.00
Ti 0.58 0.48 0.93 0.57 1.00
Mn 0.39 0.34 0.51 0.38 0.75 1.00
Ni 0.19 0.60 0.56 0.73 0.48 0.25 1.00
Ba 0.30 0.39 0.37 0.33 0.32 0.24 0.35 1.00
\4 0.27 0.50 0.44 0.49 0.38 0.13 0.43 0.18 1.00
Cr 0.14 0.62 0.47 0.68 0.41 0.23 0.91 0.19 0.44
Co 0.23 0.65 0.64 0.75 0.58 0.31 0.92 0.09 0.51
Sr 0.59 0.43 0.90 0.55 0.85 0.45 0.46 0.51 0.41
Mo 0.44 0.38 0.52 0.59 0.46 0.22 0.43 0.34 0.26
Cd 0.40 0.69 0.72 0.57 0.69 0.52 0.47 0.71 0.38
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Table 12. Seawater enrichment factor for ionic components of seasonal

rainwater.
(CX/CN3+)rainwatcr / (CX/CN3+)Scawatcr
X Seawater
ti i
ratio Spring Summer Fall Winter sfézlsri; OMV;?IH
K" 0.04 6.69 7.56 10.25 5.08 2.87 6.65
Ca™ 0.04 29.59 22.94 31.91 8.90 10.31 21.75
MgZ+ 0.12 1.79 3.78 2.44 2.06 1.29 2.25
SO~ 0.25 27.06 43.85 25.86 15.39 11.58 25.04
Cl 1.80 091 1.04 0.93 1.11 0.89 0.98
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Table 13. Crustal enrichment factors for ionic components of seasonal

rainwater.
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Table 14. Varimax factor matrix for rainwater ions in spring and summer.

Components Spring Summer

Factor 1 Factor 2 Factor 3 Factor 4  Factor 1 Factor 2 Factor 3 Factor 4
H 084 -0.10 0.07 -048 0.82 049 -012 -0.21
NH, 0.90 0.10 0.26 0.11 -0.09 093 -0.08 0.12
Na’ 0.01 0.97 013 -0.01 0.96 0.02 006 -0.21
K 0.51 0.72 0.40 0.04 054  -019 002 -0.30
nss-Ca’’ 0.43 0.02 0.25 0.79 -0.41 0.71 0.10 0.22
Mg* 0.17 0.95 0.19 0.11 096 -0.01 011  -0.02
nss-S0,~ 0.89 0.02 0.24 0.22 0.58 075 -006 -0.07
PO> 092 -0.01 0.21 0.05 -0.01 0.15 0.95 0.07
NO2 018 -0.44 0.02 0.56 -0.06 -0.11 093 -0.22
NO3 0.90 0.29 0.21 0.11 0.53 0.77 0.07  -0.06
Cl -0.01 0.97 012 -0.04 0.96 0.03 004 -0.21
HCO3 -0.25 018 -0.14 0.83 -055 -068 -0.10 -0.28
F 013 -0.01 0.60 -0.08 -0.13 092 -013 -0.09
HCOO 0.18 0.37 0.80 0.17 -024 -0.01 -0.02 0.92
CH3COO 0.17 0.30 0.88 0.02 -0.18 010 -0.12 091
CH3S03° 0.87 008 -0.04 -0.03 049 -0.27 062 -0.03
Eigenvalues 54 3.9 2.3 2.0 5.2 4.2 2.2 2.1
Variance(%) 33.6 24.1 14.4 12.5 32.4 26.7 14.0 13.2
Cumulated(%)  33.6 57.7 72.1 34.6 32.4 58.8 72.8 86.0
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Table 15. Varimax factor matrix for rainwater ions in fall and winter.

Components Fall Winter

Factor 1 Factor 2 Factor 3 Factor 4  Factor 1 Factor 2 Factor 3 Factor 4
H 0.11 0.85 0.44 0.04 -0.18 068 -0.10 -062
NH, 0.28 0.65 0.60 0.03 0.11 0.95 0.16 0.08
Na’ 095 -011 -0.04 0.16 0.97 0.02 -0.07 -0.08
K 094 -0.11 0.04 -0.15 0.46 0.51 0.42 0.33
nss-Ca’’ 0.53 0.40 0.53 0.23 0.21 037 -0.82 0.01
Mg* 0.97 0.12 0.00 0.12 0.92 021  -0.03 0.31
nss-S0,~ 0.27 0.70 0.62 0.12 -0.01 096 -015 -0.09
PO> 0.03 0.11 0.39 0.76 -0.18 0.68 0.59 0.27
NO2 0.05 012  -0.27 0.83 -054 -0.01 0.19 0.64
NO3 0.19 0.73 0.43 0.44 0.43 011 -083 -0.16
Cl 0.98 0.10 -0.04 -0.05 092 -006 -008 -0.16
HCO3 018 -064 -045 -0.10 -011 -044 -0.17 0.83
F 0.03 0.42 0.00 -0.44 0.21 0.30 0.18 0.70
HCOO -0.09 0.23 0.91 0.08 0.38 0.22 084 -0.04
CH3COO -0.09 0.19 091 -0.14 0.64 0.24 0.58 0.14
CH3S03° -0.18 088 -0.02 -0.05 0.25 071 -012 -0.14
Eigenvalues 4.3 3.9 35 1.8 4.1 4.1 3.1 2.4
Variance(%) 26.6 24.2 21.7 11.3 25.7 25.6 194 14.7
Cumulated(%)  26.6 50.8 72.5 83.8 25.7 51.3 70.7 85.4
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Table 16. Varimax factor matrix for rainwater ions in rainy and whole seasons.

Components Rainy season Overall

Factor 1 Factor 2 Factor 3 Factor 4  Factor 1 Factor 2 Factor 3 Factor 4
H 0.32 0.49 056  -0.47 0.66 028 -0.01 -053
NH, 0.98 0.05  -0.07 0.09 0.83 0.09 0.35 0.00
Na’ 0.16 097 -0.08 -0.07 0.06 097 -0.01 -0.09
K 0.20 0.21 0.05 0.82 0.13 0.80 0.05 0.14
nss-Ca’’ 0.98 0.08 -0.01 0.07 0.50 0.08 0.32 0.64
Mg* 0.18 0.97 0.00 -0.01 0.22 0.96 0.02  -0.02
nss-S0,~ 0.93 021  -0.02 0.05 0.88 0.19 027  -0.03
PO> -0.13 0.05 0.61 0.15 042 -001 -001 -0.12
NO2 -0.23 0.94 0.03 0.02 0.24 0.16 -0.52 0.01
NO3 0.97 0.08 0.13 -0.05 0.86 0.22 013  -0.04
Cl 0.18 096 -0.06 -0.11 0.08 0.97 0.01 -0.12
HCO3 -0.32 -040 -041 0.65 -0.37 -0.05 -0.14 0.81
F 0.75 0.00 036 -0.23 0.16 0.03 054 -0.14
HCOO 0.16 0.03 094 -0.15 0.19 0.09 0.84 0.16
CH3COO 011 -0.23 089 -0.13 0.21 0.09 0.87 0.05
CH3S03° 0.09 0.68 0.07 0.22 0.64 0.07  -0.06 0.04
Eigenvalues 47 47 2.7 15 3.8 3.6 2.4 15

Variance(%) 29.6 29.5 16.9 9.5 24.0 22.7 148 9.1
Cumulated(%)  29.6 59.1 76.0 85.5 24.0 46.7 61.5 70.6
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HSO3 - + O — SO3 + HOO -
SO; + HO — HoSO4

(2) SO, — HO + H.S03

(3) SO2 + HO2 — HoS04

(4) SO2 + O3 — SO3 + O
SO3 + H:O — HzS04

ol (D3 (2)9] wke2 714 el Ay, (3)¢] w2 7Aool A4

8 NOZF ME oA B3 M oAy wsolth AHuE fdete 4

(1) NO + O3 (&= HCOO -, RCOO -) — NO2 + O9
NO; + -OH — HNOs;

(2) NO2 + O3 — NO3 + O
NO3; + RH (hydrocarbon) — HNO3; + R

(3) NOs + NO2 — NOs
N2Os + H:O — 2 HNO3

= 9 542 H,S04 HNOs; HCL 7]
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NO;, 714t ol 29 & SAee] 4T o+ vk v ojgjd A =48
% NHs, CaCOs, MgCOs 59 947144 =4l o Fst=a vt weps] 7
o] 7|4 <ol NH,, nss-Ca’’, Mg” ¥5& =A3d

o (A4 5, 2006).

A Fol2d FAol2(H) sEEFE kg Ad 93] Afrabd E(free
acidity) & 7Z4tstdth. Table 179 A3} o] AF7|7ke] 79 Aibd ee
285%°1tk. el AFERE 220~385%9] WS YElA L, EHo 743
& 220%, AFHd = 7HE =2 385%E HEHUA

32

Free acidity (%) = ([H+ly/ 2lacidic anionsle,) x 100

Table 17. Seasonal free acidity (%).

Free acidity(%6)

Spring 22.0
Summer 385
Fall 25.6
Winter 27.0
Rainy season 335
Overall 285

AFAG AolA 2 A4 G0 BAde] 7= dolny] gste] the o
Aol 93] 23 78S 2AEG T Ao A [nss-SO,4 ]+ [NOs |+ [HCOO ]
+[CH;COO 1= nss-SO., NOs, HCOO, CH;COO A%Ee gk dlojn

[X]= o] A% ztzhe] Fepsmolt)

X]

Acidity Contribution (%) =
cidity Contribution (%) [nss —SO27] + [NOy ] + [HCOO ] + [CH,COO ]

o] Ao ola| AFA| FSolA F712HSOL, NOs )T %7]12HHCOO, CHsCOO )2
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WA 71 &S ANEAT, T ANE Table 189 FEstgvh ® 189 A}
ol ATkl FIAke |7 ALY s Flol g0l BI6%E AFAY B Ay
s F2 olF R AREC o3 WAHT 9es FASAT ALY 7]

ER AT

Tol wha) A IFkel f7) Aol ol @ B Flol e 124% F7)4kel]
40 o we A3E Gehhdth AR R0 o% s 7olse 78~
179%¢] WAL vhERRQTh FobIrl f71akel )@ st slolgol A
ghor], ALHe] e slelee ehirh 58 489 4ol T dojue
BA, o1BA, AVIAAE 1Ak @ AT Aol go] B w48

Table 18. Seasonal acidity contributions (%) of acidic ions in rainwater.

Season nss-SO¢  NO;  HCOO  CHsCOO ho;fifjm Ori%’ic
Spring 59 314 9.7 6.0 84.3 15.7
Summer 648 242 7.0 40 89.0 11.0
Fall 55 3.3 48 44 90.8 9.2
Winter 587 35 45 33 92.2 78
Rainy season 41.2 40.9 11.8 6.1 82.1 179
Overall 50 326 76 48 87.6 124
6) d+-dE T3 54

d 2SS I NH;, CaCOs, MgCO; 53 22 971 B4 <3
FokEH, o] F NHz¢F CaCOs0l = Fsholl 7]ofsta e Aoz d#fA Qth ols
3} 7| =E o] Ao zHE F3lQIANneutralization factor, NF)&
Fato]l W7k = Qlnk Aol A [nss=SO,% ], [NOs 1, [NH,'], [nss—Ca’ 1= 2+ A%
o] G T E YeElAHGalloway et al., 1989).

o
o
2
9,
Lo,
b
ofy
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[NH,']
NHS T [nss —SO2 ] + [NO; |

[nss —Ca’"]

Catt [nss—SOff] + [NO;]

9 Aol oJa ALk AFAS Ao FEAAAE NHy ol og S50t
037019 3L, nss—Ca’' ol o8 F3AxE 0275 YEhHATh AddE F3E
Table 199 F=at¢ith ¥ A7 717 5 B NH, 3 nss-Ca”oll 23 53
AA7F 747 0.395 dERUe] thE Aldol vld] o] F 7HA Aol o 3kl
A7F 7V =8 ks YEUAT ol w53 At FF o R AuEo i o
3 F3dAE 033, 020 A== NHy o ofs St vhe A s 713
A UeEbgth 7S HolE 27 034, 0182 nss-Ca’' ol &3 F3dxE A4
S$& FAE UEUAY ASHI Arpriztels 7 AR FIAT 7z
0.39, 0.259F 0.36, 0.29¢] A& YeEFHATE whepA] AFA G A= NHy ol
g 37k 7 ®ol dojupa, NHy ¢ Ca’'oll o3 F3182] o] 52~78%9

FAE Yehfo] o] o] F Jhx AEo] o3 FIH 1 ASS s

o

o

Table 19. Seasonal neutralization factors by NH; and CaCOks.

NF(NH4") NF(nss—Ca™)
Spring 0.39 Spring 0.39
Summer 0.33 Summer 0.20
Fall 0.34 Fall 0.18
Winter 0.39 Winter 0.25
Rainy season 0.36 Rainy season 0.29
Overall 0.37 Overall 0.27
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Table 20. Seasonal volume-weighted mean concentrations (peq/L) of protons,

possible proton donors and neutralizing substances in rainwater.

Spring Summer
Cations Anions Cations Anions
H 121 nss-SO/ 345 H 17.3 nss-SO/ 289
nss-Ca®’ 175 NOs 205 nss-Ca* 48 NOs3 10.8
NH, 23.4 HCOO 6.3 NH, 16.3 HCOO™ 3.1
CH;COO" 39 CH;COO™ 1.8
Total 53.0 Total 65.2 Total 384 Total 446
Fall Winter
Cations Anions Cations Anions
H 141 nss-SO/ 288 H 229 nss-SOs° 53.3
nss-Ca®’ 7.2 NOs; 183 nss-Ca” 171 NOs 30.4
NH, 17.1 HCOO 25 NH; 35.8 HCOO 4.1
CH;COO 2.3 CH;COO™ 3.0
Total 38.4 Total 51.9 Total 75.8 Total 90.8
Rainy season Overall
Cations Anions Cations Anions
H 82 nss-SO4~ 136 H 139 nss-SO/ 28.9
nss-Ca®’ 7.4 NOs; 135 nss-Ca” 100 NOs 17.1
NH, 11.2 HCOO 39 NH, 189 HCOO 40
CH;COO 2.0 CH3COO™ 25
Total 26.8 Total 33.0 Total 42.8 Total 52.5
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y=00981x-11.785
R2=0.823 (r=0.907)

50 100 150 200 250 300

T ((NO5]+ [nss-50,2]+ [HCOO] + [CH;CO0])

<Rainy season>

([H']+ [NHg' |+ [nss-Ca?' ]y

('] + [Ny |+ [nss-Cad']

S(H' |+ [NH,"]+ [nss-Ca®']D
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3350
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50

750 % +2.825
952 (=0.975)

T -
70 140 210 280 350

E(INOs]+ [nss-80,2] + [HCOO]+ [CH;COO])

<Summer>

y=0.763 x+2.991
R2=0.860 (:=0.928)

50 100 150 200 250

Z(INO3]+ [nss-5042]+ [HCOO] + [CH;CO0T)

<Winter>

y=0.815x-1.430
2 R2=0.876 (r=0.936)

30 100 130 200 250 300 350

I([NO5] = [nss-80,3]+ [HCOO] = [CH:COO])

<Overall>

Seasonal correlations of Z([H'T+[NH. ]+[nss-Ca*']) versus
S(INO; 1+[SO4 T+ [HCOO 1+[CH3COO ).
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SPSS &/ 2ol thi 3] 74 (Multiple regression analysis)H S ©]
gkl 9o Fo A Zo]Lel nss-SO,S ¢ NOs ol ek g1 o]Lql
H', NH, 9} nss-Ca”'¢] Aol 7ol wE xAbskgich 1e]al o] Z3E Table
21 AT =3 AFAYG Ao =S F3ho] thdk NHzet CaCOs39
AA S 78S Fotatdar, 492 nss-SO.°, NO; Foll A AHHAh4d E(free
acidity)oll 7118t nss-SOs°, NOs ¢ S %Ast¢ith(Kaya et al, 1997; -2l
Z 5, 1998; =3z 2007). Z18]x 21 AFE Table 220 YERH AT

#o Ay gFs A gA4e] 2gdH SPWFE(nss-SO0,7, NOs)ell o
g FHWMFEM, NHS, nss-Ca™)el o] 7]o18& AXe Aot Foj7lol &
S 7t FENT JFgSE FE SHEUST A4 Al FoEE ouErt &2
ol tFa A4 FAEA A¥E WY, Table 229 o] AFAG FF9-of &
, ol % 30.3%7F HySO4 35.4%7}
(NH4)2S04, 25.3%7F CaSOs0] FE|Z EAgtha FA T & NOs o 4 5
AA 69% FAA 25.0%+ HNOs 29.3%%

o

2

i)

rr

rr

NHNO;, 14.7% % Ca(NOs3).o 3 H
2 EZAsn B £ ok mEy B4 AEES FoA nss-SO4L 9 NO; &

B3 (NH)SOU NHNOsel delz EAela e 7hsqel 2 daa +
2151t
S B ARe AdE
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Table 21. Results of multiple regression analysis for acidic anions and basic

cations using a stepwise selection method (PIN=0.05, POUT=0.1).

Dep.Var. Multiregression Equations R
nss-SO4 1.406+0.878[H ' 1+0.684[NH, ' 1+0.438[nss—Ca”'] 0.91
NOs 0.758+0.599[H 1+0.452[NH, 1+0.212[nss-Ca*'] 0.69

Table 22. Explained fractions of NO; and nss-SOs” .

Independent % Explained % Explained % Explained eXTl(:izrille d
variable by [H'] by [NH,'T by [nss-Ca”’] p(%)

nss—S0,~ 30.3 35.4 25.3 91.0

NOs 25.0 29.3 14.7 69.0

8) 715k 71 B/ 54

7] F9o] §7)A RS oF 90%7F 714 AEE EAEa, 10% v wre] A}
oz EAFY. aelal o] F 80%7F 1.0 um vIRke] w A YA EA i o
J4 Arh(Khwaja, 1995). fr714ke AxHo s FA74ste AAZstel o5 A

A= Aoz dyA . o= w7IAke] tr] TelA e AL =2 S

Sanhueza et al., 1996).

2 AFoNAE AFAY Ao fFriaked A AR e sEE A
i, °]& Figure 11 Table 231 WeERHATE HAl #7145 =(HCOOH <}
CHCOOHDE §714F golee) $EZTE ofd] A& o §ated Axasith 1
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g f714ke] 719he dolrr] 918l HCOOHt9t CH;COOHrel Hleo] ZAzE
Table 239 WEFH A TH(Skoog et al., 1999).

[ATJH"]
[AH]

(Al = [AH]+ [A7]

K : Equilibrium constant

[A] : Concentration of A
[H] : Hydrogen ion concentration
[AH] : Concentration of AH

[Alte : Total concentration of A

F714F gol£9 Fx HlmoAME ZE AAdA HCOO ¢ %7} CHCOO
sxo vld) =A Yelwtl Figure 113 Table 233 7o) 7] & AA] #7]

AP FEEE AR F9 b e wRAAE beEY ALSEHES AYe YA
Ao 4 HCOOHr7F CHsCOOHrol Hl#l %7t A yYepwth 53], 53|
F =S 555 YeE e vFo B o, A5 AFy Ady
FgFoz FAHAG wd, ALH CH,COOH7F ¢ ¥ 555 Yes A
ool AFAt AME TUHE BIES A9HQ wiEd 93 Aew FHH

AU AR uE 2AE AFAE BAe) 49 F/AC

9 R f0L Y] F fU10T R vsst AT SR B
AT 2 debd e 2ed Qa, BY SdAe drdshe o 15~
238 B%= CH;COOH7F HCOOHE Y %& w&E Helva ¢efA Ath(Chebbi
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Figure 11. Seasonal concentration variations of formic

and acetic acids in rainwater.

Table 23. Seasonal arithmetic mean concentrations (pmol/L) of formic

and acetic acids in rainwater.

Season Formic acid Acetic acid FA/AA
Spring 8.09 7.67 1.055
Summer 3.32 2.96 1.122
Fall 4.68 5.97 0.784
Winter 457 6.68 0.684
Rainy season 4.02 2.73 1.473
Overall 4.31 4.46 0.966
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Figure 12. General degradation scheme of carboxylic acid (Charbouillot et al., 2012).

Table 24. Measured HCOOHt and CH3COOHrt concentrations (umol/L) in

rainwater at Jeju Island and other areas.

Concentrations(AH+A ")

Locations HCOOH CH:COOHr
(gscl)ivisrfgdzeason) 446 431
(E(l)lnsf;z(\iiying season) 372 205
"Los Angeles 6.50 5.60
“India 5.40 4.80
Greece 3.84 5.81
“Northwestern Spain 7.00 8.30
North Carolina 5.60 2.60

“Rainwater in Jeju during the period from January 2009 to December 2010.

PRainwater in Los Angeles during the period from winter 1981 to spring 1984.
(Kawamura et al., 2001)

“Rainwater in India during the monsoons of 1995 and 1996. (Khare et al., 1997)
YRainwater in Greece during the period from March 2000 to May 2001.

(Moschonas et al., 2002)

‘Rainwater in Northwestern Spain during the period from August 1996 to August 1997.
(Pefia et al., 2002)

"Rainwater in North Carolina during the period from October 2007 to March 2009.
(Willey et al., 2011)
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Figure 14. Four sector classification of Northeast Asia

for backward trajectory analysis.
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Figure 15. Backward trajectories of air mass inflows on rainwater

sampling dates.
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Figure 16. Sectional ionic concentrations (neq/L) corresponding to

the inflow pathway of air mass.

Table 25. Sectional ionic concentrations of rainwater corresponding to the

air mass inflows

Secll/
SeclV

Sec 1/
SeclV

Sector I  Sector M Sector IV

Concentration (peq/L)

Sector |

Species

28)

(n=

(n=3)

(n=8)

(n=54)

14
2.1

25.0 12.3 3.4
3.9
3.3
41

174

42.0

nss-S0,%

13.2 6.5
44
6.9

138

25.1

NO3

1.7
1.5

3.7
14.8

74

10.2

14.7

2
nss—Ca”’

NH,

28.5
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