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Abstract

The collection of precipitation samples was made at Jeju area during 2015~
2016, and their major 1ionic components have been analyzed by ion
chromatography. In the comparison of ion balance, electric conductivity, and
acid fraction for the wvalidation of analytical data, the correlation coefficients
showed a good linear relationship within the range of 0.953~0.991

During the study period, the volume-weighted mean pH and electric
conductivity were 5.13 and 15.9 pS/cm respectively. The precipitation was weak
acidic, showing high frequency of 43.8% in the range of pH 5.0-5.5. The ionic
strength of precipitation was 02+0.2 mM, indicating 445% of total
precipitation within a pure precipitation criteria.

The volume-weighted mean concentrations (neq/L) of the ionic species in
precipitation were in order of Cl >Na' > NH, > nss-SO/ > NO; > Mg >
nss-Ca*’ >H' > K'>HCOO > CH3COO >HCO; >F >NO,; > CH3S03 >
PO,*. The marine (Na', Mg?', Cl') and anthropogenic (NH,', nss-SO.*, NO3)
species have contributed to the total ionic components of precipitation samples
by 52.6% and 33.6%, respectively.

NO; and nss-SO,% concentrations showed a distinct seasonality with higher
concentration in winter compared to summer. The concentrations of Na', CI,
Mg?', nss—Ca’? increased in winter. The acidity contributions by sulfuric and
nitric acids were 47.1% and 42.2 %, respectively. The neutralization factors by
NH," and nss-Ca* were 0.44 and 0.21, respectively. The correlation coefficients
between Mg?" and Cl, Na" and ClI, NH," and nss-SO.*, NH," and NO;, were
0.95, 1.00, 0.90, and 0.87, respectively.

The clustered back trajectory analysis showed that the concentrations of
precipitation components were relatively high when the air masses movede into
Jeju Island from the China continent. On the other hand, their concentrations

were lower when from the North Pacific Ocean.



[€)

=4

A =3t
1 3ket A

°

Z}
2}

F71 Al

°©

AL

g =
=

-

1 el
DMS (di
(dimethyl sulfide) AF3}
@)

0

A

wo)

"o

xﬁ W _@ -
o< e s WH &

‘BH _bmﬂ o)/ % [ % uﬂL s d|

o] <R al ! FHw 0 ) - o W w.#re ) :y ,
= PR TE g % ®E B0 o F

s 2 5o o T 3§ A o Mo

s G OE ) RS ! T o ~ T
Mo X° <) A s R boE ®
i =) 7oA A s > o ° ] T ol B!

ey = R w7 SN %% i
g T B ™ g0 T m m B = ul o e
~ AF o { o) 70 %) RO g = o 2 S 4 B S
Nlo o o) F o ogn o N @ru Moo= m S B o = T

= ™ o~ go o Y < = = - o Ny i
o W o <A AM _ (- o .- Lﬂ T bl mrﬂ U )
do X ow o T o B B N oo NS N
—~ N — T S ok =
< % 0 oo iy X o W ~+ up gy N Ju_

3 o T b IR TN BT °
o) oy H AKX T T w Nk B o o
EL o ﬁl = Eo O 0 o N ﬁTl <R o

In oy T S —_— < ~ i w0 iy
B L o] ol X ~ B R 5l B B SR T e 3
T 2 %Lu:mmm ﬂgo»m?%éw
I ol G © T o % ~ A H B N
= Ay > RUBRY| 1@ o o WE % T W oR T N oF
= i IO - ) TS Woog N = o R4
5w N oo © 5 % Ho T w7 i o T <
o e = om o= A4 T s 2 2 o ~
o S Y 4 7 FT O« T M < o
@ %ﬂwggm;;m%gi;qgw
&l ™ X w e g W ® MU S ION 7z © 0 o2
ooxaruakou_ augmm+auﬂoﬂ§ﬂﬂur
W 2 5% oE ™ e M g &) uﬂal T o of W T L ) cwo
m@_ oy iy w ™ = <o T XOT W = o= s X
<) o = = 0 o N = T % o o = x =

o W . % o = T opr ! Sy S o
T X N L o . J)) No A = & <) zo T o
= T < %_ o B ) IH Lo M ST S o N
N gﬂmhfamwaﬂfggq
o A o W + N E ©ox e ¥ s
< m X ~o X0 @ w..;,._ mmo % e N EM _ o o ~ o

N NFL @) IoH X ..*., o} MAF,._ X . H N [=1 - r m_u.
Rgéglaxliﬂ%ﬂaur«bxﬁ
o 0 ].., JEI ,M - — OT — \UAI i_:
X o Yo X T = ©° X
ol D X W Bo
— HT. = @
0

QAo
A;Lo | Al71 = ATt 2001
N . A o
RUEY YES® W
E QA (EAN
ET; i
; Acid Deposition Moni
onitoring N
etwork in
East

)
=



o

=
[}

=g FANe
Shim

Bola it}

}

o
pad

=]

[e)
=

e
FAbe BRA 2 P

=

o

g

A

ApeF st o}

of| 4 7|
¥ 12 QtHHuang et al, 2008).

4o o} abrFAe] 23%, WA e 18% AE7l 3k
19 wid 2% A= 7HA

=

.

°

o

-

Zhell

[€)

p A

o grjlededs

7H=2

[€)

Aoz d

13 gtk BEol 47 FolA Fo

9 AHEA ALg

A

°©

st 1994~19981

29 AAss AbE

7}
AL, ofAlel whEF 3,670%t

e

=
[¢)
A
-
<
9l

o

49%7}

o)
iy

<)

4

3}

ZAE v} dtH(Huang et al, 2010; Shim et al, 2004).

7‘5_]/\

40%,

Ho

wK
iy

o

el

1983 o] % 27 -0

gluetol A=

o
5

el

AJr

==
[}
T
L
=
=

ot
Al 8
Fel o
b= A

[}

o]

%, 1997; Carmichael et al, 1997; ©]
7} vrol x}A|

=
T

]

1
&

(

AT},

al

1995).
)4 %) o] T},
=

8

o
aﬁ.ﬂo
el

ﬂ_mo

Bo

o)
XN
oy
ajsl

)

o
o

o

- AAY olEel 9

=
=

]

5, 2003)

]

%

15

-
R

o

==
T=

e

S

b1 9l

°

7}

3

ATt (Kang et al, 2003, 2002;

SEO
F=

PN
T

1o = 20159 5-E 2016714 AlFEA S 7

R4

O

94

=

e Suetel o)
15 Q1A 27

-

O

=
=

=

A

=1

O



il

Quel w9

I A e 71k, ] L

2]

A9 7]

=
=

B
fite)
N

ol
Hlo



1. =4717]

D 25 2AF71
<= 20# 71(Shinil, Model SL-4-001, Korea)= <7 W7do] 253 mm?el A&
olty, AMHA7= FEAAAAZE F2E O] oM A Ao ApsomE Y

o S AST o|Nels S} AxEo] AL BAA

MetrohmAF2] Modula Ion Chromatography S A}-&

slo] EAstdth. o %o]le(Na', NH,, K, Ca*, Mg?) #4o]&= Metrosep

22l g Zo]&(Cl, NO,, NOj, PO/, SOM)

Cation C6 w83, =
A-SUPP-16 #&#S AF&3tith 28] #7]2HHCOO , CH3COO )3} ml & o] &

(F, CH3S03)& Metrosep A-SUPP-16 #& &S Algsigion, #HE7|= BYF

A of:= Metrosep

Conductivity detector@® ©]

3) pH Meter ¥ Conductivity Meter

749 pHE pH meter (ORION, Model 720A, USA)92}F Combination pH Ross
Electrode (ORION, Model 81-02, USA)E AF&-3lo] SA4et) 3 AV AEEE
A=

Conductivity Meter (Thermo Electron, Model ORION 3 Star, USA)¢}t
(Orion, Model 013005MD, USA)< Ab&-3le] =439t
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13770elth, F5A2e AAAE L Figure 1] =ASA 35 AA71e] A5
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Figure 1. Sampling site of precipitation at Jeju Island.
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A7NHER QA Aerla A58 23ete] &AM oz 25T 20| Hex

z43 ¥ ZAs9 o™, Conductivity Metere 1.0x10° M KCl £ 9(146.8 n

S/em)3} 5.0x10% M KCl &°4(738 pS/em)S Abgato] HAE 5 xpgaldvt.
KCl #8902 AldrichAhe] 13 EF22(99.99%) 7 Z%4(18MQ)E AL&3h¢]

AP HAe] A

701'“/]\‘}\] 729 % O] %(Na+,

21l 4T @Al A

045 pm, 13 mm)&E &&

o2 A AR e, 2FHAA4=S42 0.1, 05 1.0, 50

Ion Chromatography %

S|
ax)

2

NH,', K', Ca*, Mg®) A2 W% nad A8s

4 4AE B F oo Abgatel RSt ol

pg/mL EF8& NS AFEste] ZASEATE o] W 82 Aldrich Y] 1A 25
B4 2R APAoA Aste AFEetdth ol EAldl= Metrosep
Cation C6 #& &S Ao, EexA8 44 09 ml/min, AlEFYEY 25 1L,

L]l 3.6 mM nitric acid®]t}.

# A A (standard deviation) S =

Yol A4S fg ICo 7I7AEIAIDL= HAaske 58S 73 v

&3stol Fskled, 7I71H S A98% A E ) et MEs AT

s )

¥ = A 5= (coefficient of variation) CV = ?X 100 (%

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

4) sol< 24

Ao §0] (S04, NOs, Cl, POS, NOy )& %ol B3 HU3 Whjow

Ion Chromatography %

om FAl AT ZEHASAE 01, 05 1.0, 50



wg/mL EFEAS AHgste] s Om, EFE

rlo

12k ZF=E 2 ((NHY):S0, =
99.999%, KNO3; = 99.99%, NaCl = 99.99%, K3PO, = 98%, NaNO, = 97%)3 =
T2 ZASF] AFESA T gl FAldl=  Metrosep A-SUPP-16 ## &<
Abgstgdnh BExde F4 0.8 mL/min, AEFYE T 100 pl, &2 7.5 mM
NasCOs3, 50 mM perchloric acid suppressor -& < o]t}

ol A IC 7171AESA(IDL)%F HsAT(CV)= dol 4% &Y

Wew Fekglen, Table 13 2t

rob

714F o] 2 (HCOO, CHsCOO ) % W&ol 2(F, CH3SO03) A2 -20Cel W&
A

[e)
&
B3k A5 5 4T WA A =2 3 Jon Chromatography

2 BEA3ih
A A Al ZFEEde wEE 10, 50, 100, 500 pg/Lolw, F-8 N2
olE9 YEFYH Tt S 25 59 AgAA ZA S tHAndreae et al.,

1987). 712 B0l Metrosep A-SUPP-16 &8 &S AFE3sle], 50 mM
perchloric acid suppressor &<, 45C column temperature®] ZH o2 4% o2&
Al A5G S8 2de 55 0.8 mL/min, AlEFYEI 100 ul, 7.5 mM

71 F ool B4 IC 7171 E S AIDL) 9 ME AT
(CV)&= ol #AH sdg HHow ol em, Table 13 2t} 7] 2=
Ao ol |-

Table 29} %t}

FAAE, TFol e BAL % IC 77124



Table 1. Instrumental detection limit (IDL) and coefficient of variation (CV)

for IC analysis (n=7).

Species Na' NH, K’ Ca* Mg?**
IDL

(ug/L) 0.7 2.0 7.1 7.1 9.1
CV (%) 0.2 0.7 2.3 2.2 2.7
Species Cl NO, NOs3 SO& PO,
IDL

(ug/L) 1.3 0.7 4.2 3.3 4.0
CV (%) 04 0.2 1.3 1.1 16
Species F HCOO™ CH3;COO™ CH3S05

IDL

(ug/L) 0.1 05 0.6 0.2

CV (%) 0.3 15 1.9 0.7

Table 2. Instrumental conditions for IC analysis.

Instrument Cation Anion & Organic Acid

IC Metrohm Modula IC Metrohm Modula IC

Column Metrosep Cation C6 Metrosep A-SUPP-16

Eluent 3.6 mM nitric acid 7.5 mM NayCOs

Suppressor - Metrohm 753 (50 mM HCIOy)
Flow rate 0.9 mL/min 0.8 mL/min

Injection volume 25 uL 100 pL
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o2 ALkste] o] 24 A (jon balance)E H|wdA tH(Tiwari et al, 2012; Hu et al,
2003; olX.7, 1999; A3t &, 1994; Miles et al, 1982).

TCation = Z QZZ/ VVZ .................... (1)
i=1

TAnion = Z QZ7/VV7 .................... (2)
i=m+1

9l AelA Cie ol 19 sX(ug/L), Zi= ol 19 T, Wit ol i A%

W e EeEo] gl AlRo]l HY, Na', K', Ca', NH,', Mg®' %ol CI,
F, SO, NO3, PO, NO,, HCO;, HCOO, CH;COO, CH3S03 o] 2% o]z}
olREAHO R Yol Fol FHAFE Fo|l AIE dAdF s, T L
A G ()= 10]o]oF Fht},
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2AE AT A9 oleaAe] Awge A 4T MAE ARSS AR

aoF sH( A3 S, 2007).

1500

y=1.091 x+ 4.561

it R?=0.982 (r=0.991)

900 -

Z[Anion]

600 -

300 -

0 300 600 900 1200 1500
Y [Cation]

Figure 2. Correlation between the sums of equivalence concentrations of anions

(2[Anion]) and cations (=[Cation]) in precipitation samples.
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Table 3. Data quality control parameters and % imbalance.

Regression result 96 imbalance

Number of point 137 < 5% imbalance 56
Slope 1.091 5%-15% imbalance 62
Intercept 4561 1596-25% imbalance 14
Correlation coefficient(r) 0.982 > 25% 1imbalance 5
100
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Figure 3. Scattergram of the percent (%) imbalance versus the sums of cations

and anions.
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Figure 4. Correlation between the measured electric conductivity (omea) and

the calculated electric conductivity (oca) for precipitation samples.
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Table 4. Equations for the calculation of conductivity and acid fraction.

Equation Unit Meanig
0 = [H1Awu +ZHonlegiegi uS/cm  Electric conductivity
A, = ZVVeineq uS/cm Concentration-weighted
- ' average equivalent
Ao = Zk:quk’/l“q uS/em  conductivity
A +A
AF — €l cut €4 4n . )
pu — _ —  Acid fraction
|
H €dp+ et
0.4
y="1.103 x+ 0.002
R*=0.908 (r=0.953)
0.3 - . ®
g - [ 3 .
£ 02 - -
% 4 ' . .
i . .
{ @ L] L]
. L]
0.1 - . ’
S I
-
0.0 T T T
0.0 0.1 0.2 0.3 0.4
AF Anal

Figure 6. Correlation between the acid fractions calculated by pH & electric

conductivity (AF jpeconduetivity) and analytical ionic concentrations(AF ana).
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1
o
il

ALkst  Aypolth(Avila, 19960 H7 &, 1994, Stumm et al, 1981).
nss-SO4% 7 nss—Ca®’ & H]3]d 3k non-sea salt sulfate)? H]3]E Z45(non-sea

salt calcium) &2 2] (1), (2)o] oaf ALkgt Aol vk (Seto et al, 2000).

[nss-SO2 1 = [SOLT - 0.121 % [Na] e, (1)
[ns-Ca®*7 = [Ca*] - 0.044 x [Na']l oo, (2)

Ao A [SO47], [Ca®], [nss—SO47], [nss—Ca®], [Na]& 7} o]&9 Jadsm
(neq/L)ol ™, A5 0.121, 0.044%= 3iellA SO /Na' ¢ Ca”/Na'9| v S o|m| gt}

ATV S Fo AFAEEY FIUtSsH T EE E(ueq/L)S 2AEE A F
A71M2 ClI > Na' > nss-SO/ > NH," > NO3y > Mg > nss-Ca* > H >
HCOO > CH;COO > K' > HCO; > F > CH;SO; > NO, > PO/ <o
eyttt AeARs 5 57 52 0]28 (I, Na', nss-SO7, NH', NO; s=2.
Zy7y 46.74, 43.23. 24.27, 2056, 19.89 peq/Lolglt}. ol HAEE F Na', Cl <
%71 ARSI, nss-SOS, NHy', NOy A& 27k o oa 2y
A1 7199 AEEolth Hide] HCOO ¢ CH;COO ¢F s%% 4.11, 3.04 peqg/L

2 9o F=XE Holu, Y719 e MSA (methane sulfonic acid) 9A] 0.06 1

=
=

oL
M

T3, FFAREEY] THEE 2ANE v wste Figure 79 AT &%
7199 Na', Cl, Mg*¢] @ 2AH+= 526%= 7H4 =& v&S AAst glon,
%04 Na'o] 224%, ClI 24.2%, Mg? 6.0%% UEtsth 2 tgoz Fg8 23

A& 29 nss-SO7, NOs, NHy o @3 zAH:= 336%™, EY 7199 A%
AR nss-Ca?'e @ FAHE 42%2 Bt A94 719 nss-SO4, NOs»
NH, %ol nss-SO,% 2 12.6%, NH, 2 10.7%, NO3 & 10.3% o2 ZAE )
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nss-SO4 & T dasAeld wEE SO #ahshikgel ofs) HS0.%
Matsol SOF RS AA Hul(dns 5 2000, ANHoRE F FF 54
Aol At 2% Y FolA MEHE Ao e vkl 5, 2003).
NO; 94 14 @A NOJH WAL AH YH 24 0

=
SO& ¢F PE7EAI 2 o 1914 gqle] os] LAk NOs o 4§ Hetol

NOy o Ml Yl¥E Afol Abgu pele] Am v, AR, A BEF 5o

o2
o
o
fr
2
o
i)
rr
)
=3
)
ro,
r (o]
Ho
)
r o
to
julcs
il
it

o

| tH(Anardenne et al, 1999).

NH, & =9 #dE EXAGA, AdeA ol 93 W= A4 stz ol
&l 43 71 =7 & 2ot (A 5, 2004).

AydHor AFAY Fedee dde] dFS HE Bl B = Aom
FAEH, olglg Adt= ANkl WF9 A v vE Aotk (3 7,
2006; 473 &, 1999).

wg AFAY e 78 AE A AHE ] wWAAG o ® 14 (Network
Center., 2005), orA=(HAW & 2005), =] ®iAAIe=z UAdX  Okinawa
(Sakihama et al, 2008), <= Shenzhen (Huang et al, 2010), Shanghai (Huang
et al, 2008), Elolt FHAH(Tsai et al, 2011)¢] =4 ZAzte} A3 Hudto]
Table 59} Figure 8ol #|A&F%)

Fa A9A 719 23 edEHe SO, NHy |, NOs T AlFA oA
Zk2z} 29.50 2056, 19.89 peq/Lz= UERRTE =] vl Al aiqk, QbH =S} malal

A, 37FA A B 1.03~1.750 @ TEE B olE Fil AFAHS
o}

f
(
%

228 S =AY F3Fo] AUHoE AS5S AAT 5 o

SR EF =] Wi ARGl dE ] Okinawa®l H]udk Ao A= NO; = 2.848),
NH, & 2.164] =9kal SOF 2 1.83v] v Anrt vebyeh Faro] A9
Shenzhen, Shanghai, 22|31 Elo] ¢ Y x| vwa] i SO S 1.37~6.774,
NO; & 0.79~2508), NH, & 1.63~3928 2 SO/, NH, , NOy &%=7} wiA ve
e s gelskth

HA719e Na', CI s=E B AolA Z+zb 4323, 46.74 peq/Lol™, T =<
Shenzhen#}9] HloJAE Na' % 3868, CI HRx 2278 =7 vepyt

iin



wrokal Shanghais

Zefvd Brol¢k ER-A o] HlE] Na' 22549, Cl & 1.354)
Fokth, 4] Okinawa: AFAl Ao vls) Na', CI %7} 7

fke e AT

o
=

Z+ 7y 1.16, 1.254)
Z} 7129, 7514 =

NOy
10.3%
nss-S0O,~
12.6%
f Others
Mg § 4.20%
6.0% S|
il \ H*
nss-Ca2 |||l 3.9%
4.2% s -
Kl 22.4% 1’\(‘)H;D/ :
1.4% 7% s

Figure 7. Composition ratio of ionic species in precipitation.
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Table 5. The volume-weighted mean pH and ionic concentrations (neq/L) of

precipitation at Jeju area and other sites.

Sie gy Gosn 00 e e he® SR
pH 5.13 4.74 4.81 4,93 4.56 4.49 -
NH,' 20.56 36.0 26.5 95 335 30.68 50.2
Na' 43.23 57.8 46.6 308.0 11.2 50.11 97.1
K’ 2.78 3.1 2.7 94 1.75 14.89 109
Ca* 10.07 154 15.2 25.2 354 203.98 534
nss—-Ca*’ 8.16 - - - - - -
Mg* 11.59 14.6 104 63.9 3.26 29.64 32.6
SO~ 29.50 47.6 42.3 53.9 64.7 199.59 40.5
nss-SO,% 24.27 - - - - - -
NOs~ 19.89 24.8 20.4 7.0 21.9 49.80 15.7
Cl 46.74 79.1 46.4 351.0 20.6 58.34 63.1
PO, 0.01 - - - - 0.33 -
NOy 0.03 - - - - 0.23 -
F 0.17 - 1.9 - 1.72 11.01 -
HCO5 0.67 - - - - -
HCOO 4.11 - - - 0.10 0.06 -
CH5COO 3.04 - - - 0.03 0.36 -
CH350;3 0.06 - - - - 0.005 -

“Precipitation in Jeju Island during the period from January 2015 to December 2016.
"Precipitation in Gosan during the period from entire year of 2004. (Network Center., 2005).
‘Precipitation in Anmyeon during the period from 1997 to 2004. (A4 5 2005).
“Precipitation in Tokyo during the period from June 1990 to May 2002. (Okuda et al, 2005).
‘Precipitation in Shenzhen during the period from March 2005 to November 2009

(Huang et al, 2010).

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

¢Precipitation in Southern Taiwan during the period from May 2005 to December 2008
(Tsai et al, 2011).
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Figure 8. Comparison of the concentration of ionic species at Jeju area and

other sites.



A7 T F 13RS A EE AMERE FH(n=33), 45E (=44, 7t&

2(n=38), A=dn=22)2 7t ALE AFdLse] B w8 4%

AI}E Table 6, Figure 9 A A5l

AR dH¥rEE AdEE BHo nss-SO74 > NHy > CI° > NOy
nss-Ca> > Mg® > Na' > H' > HCOO > CH;COO > K' > HCO; > PO
> F > CH;SO3 > NO» =ollem, o3& CI > Na” > nss-SO > NH,'
> NOs > H" > Mg”* > nss-Ca* > HCOO > CH;COO > K' > HCO; > F
> PO/ > CHsSO; > NOy 2 uehygth zgla 74&des= CI > Na' >
nss-SO& > NO; > NHy > Mg® > H° > nss-Ca” > K' > HCOO >
CH3COO > HCO; > F > NO;, > CH3S0; > PO/ o2 zAHAoH, AL
A= CI° > Na' > NO; > nss-SO > NH, > Mg? > nss-Ca* > H > K’
> HCOO > CHsCOO > HCO; > F > NO; > CH3SO3; > PO# “o]th.

= dTolAM AR AFH AlY & A2 36313 mmelth 2Ea AdEE
w, A5, 7hs, AZHA Zb7 7837, 1,349.2, 1,077.3, 421.1 mm HLEE o Fi}
Aol of 32808 AolE Holxw Utk mekA ol d ke Aol A&H
T e TIUFAAY tried =42 Fd, AE F5HY S7F Sl 9

Ag&Hdo] oFH H|F o] HATES &7l =4 vElUsd 7oeteE Hoe=
FetE o)
017 53t WHE #HHo] g nss-SOL 9 NOs, NHy 5+ AdHE=z 2o &

Btk WA nss-SOL L BEHy ALHo| zhzb 3329, 34.89 peq/Le] FX =2
=S S Holu, S EI AgEHo 47 2256, 17.07 peq/LE Sekth SO~

Fl
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o Ade Tl a8 oA FHHE LPdEH JFS Wo}l nss-SO4 ¢
7b EA U Aem Hth SOF 9 AfelE tiE 3~10% AR7h s g
2y &84 Ql(biogenic) 71¥olgt= X 7F At (Arimoto et al, 1996). 3| F7]1< 2]
DMS7F WA E FF o2 SO o2 AFHY. 2 AFdA SO s&EE o
Adol wlal Q3le] HHI Agdd o Frtekiinh ol YA & shehEol
SO& % Wdle] mXE Fgo] 1 AA BSE onld)

AFA 9 SO, MlEFS Aol 559%, H 229%, AHY &5 13.2%,
FE Hol 80% ALER ZALE 1L duh(o]ZE, 1995). L) ARl Aol wx ¢kl
AFHE7E vjaa vre Holy] wifo] SO0l 93 edgdte] thE =g v

oz Ao was] 5o S04 FhE A PR R ERY F9
LA FFo] ¥ =AA detve Aom FAAG(O]EE, 2014 T2, 2013).

NO; & #2837 ALHA F=7F 2719, 3658 peq/Le] @<= Hola, 71, oJ5ddd =
17.32, 1250 peq/LE YEFETE nss-SO2 ¢ mtx7bx 2 BHa ALHo| w7t
2 Jor nFol E o, BA Ay 53 ALY T o3 Adow FAHHH
NO; & stAd s AR =3 whdo] AW 53] et o35 7]o7F 7 & o=
et ar vt & 5, 1994).

NH; ¢ 9% nss-SO,*, NOs 9 FAFSH E(31.71 neq/L)2 A-2(27.18 peg/L)ell
2 @ Ukl e, 7F2(17.32 peq/L) ¥ o5E(14.63 peq/L)= o2 WSk
NH, 2 dutd o g #F7]&9 714 £ o8 Ad4es P4, v F 2,
EY f7129 R To dFor IAdAY. gl A EE 3o

SohRkgel o8 22k e =4 FAe, AAd T AT

o 4
F ofd

il

(

7)o olE AEES AdE FAFAHRESL £A4vE Figure 109 ZA]EF3 T
nss-SO,*, NO3, NHy 2 ZFAEE TolAM 336%S AAsta o, Add=ze
B e 7HS, ALH $£o% nss-S044 L 163, 147, 9.7, 11.2%, NOs & 13.3,
10.8, 7.4, 11.7%, NH, = 155, 126, 74, 87%E H o513 At} o5 A o] RF
HHo 7P E=a, b A @ 2SS YEA AdS S gelstdnh mH =

THlA EoleE ALY FFom AN Ve LAHEES =AML w2

w



ldAdEel Na', Cl, Mg* sxe 7A22(77.22, 82.93, 21.00peq/L)°] 7+ =7
Uelgow ggow 7FSH(66.78, 73.67, 471 peq/L)s=ol et olAw ALy
FeAo] & FEE YEe Ao® Hol 3 uido] o s Flol

dojt Ao 7 FekEt(Carmichael et al, 1997; ¥4 & 5, 1994).

il Ferell sl A<l Na', CI, Mg”9 2A4(%)= 526%= ERS:
AL H2 B o5 7S ALE ¢02 Na'2 1561, 182, 287, 24.8%°|H |, Cl &
15.4, 19.7, 31.6, 26,6 % wo & EYTH Mg® T3 49, 48, 7.1, 6.7% To=

Eoko]l A ¥ AR nss-Ca® e Ei ALAHo| zZH7b 14.86, 1363 peq/LE o] EH
ouj, 7F&Hol wla] ok 289 ~ 3158 © =& e YEU T

o] EU71d nss-Ca’°] HHN} ALH s=7F =2 AL AFAGY

=
ol
_
=
[\)
(o))
CD
\]

FEa pEo] Y Aow wonh AL A AW Agol HEo| FRE
o] F1 L, o] A7l nss-Ca’ FE7F & AL FolA o]Fd ELUAE0]

DA E BAl7E ko R AFAY 2
20 2013). nss-Ca”' 9] ZAHS gold Ao BHO 73% oJEH 46%

a8 7bS AL ZHzE 20, 44%S 2FA skl ok

>
do

4
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k=l
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dlo
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o
=
o
E
o
offl
fo
)
S
—_
s

_24_



Table 6. Seasonal concentrations (neq/L) of ionic precipitation species.

Spring Summer Fall Winter Overall

(n=33) (n=44) (n=38) (n=22) (n=137)
H' 7.40 6.62 5.81 10.17 7.43
NH,' 31.71 14.63 17.30 27.18 20.56
Na' 30.84 21.03 66.78 7122 43.23
K’ 3.99 1.72 3.05 4.00 2.3
Mg*' 9.96 5.58 16.63 21.00 11.59
nss—Ca®’ 14.86 5.32 471 13.63 8.16
nss—S0,~ 33.29 17.07 22.56 34.89 24.27
PO,* 0.27 0.12 - - 0.01
NOy 0.02 0.02 0.09 0.07 0.03
NOs~ 27.19 12.50 17.32 36.58 19.89
Cr 31.45 22.81 73.67 82.93 46.74
HCOs 0.68 0.76 0.86 0.49 0.67
F 0.21 0.14 0.14 0.24 0.17
HCOO 1.37 4.20 2.40 2.14 4.11
CH3COO 5.59 3.25 1.59 1.28 3.04
CH3503 0.09 0.07 0.05 0.05 0.06
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Lol o] o] 9] o] 24 7|(ionic strength)E =A3H 9 2d A=E 7t

Aoz BHrhd # vk aEla 2 AR 100 M olste] g Bl Ag AT

H a4 53 AHE R8s Aoz 2 4 9duvk(Sequeira and Lung, 1995).

B oApelA 2dzke] AA AT A4ol ol LAIE Tk 1

T ol A7l #Hi 02£02 mM Fee UER

W% E Figure 119

3, QA 35

445% AE7F 107 M olste] o)|2A7|E HoEozM AFAY ZF4E vl
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Frequency (%)

N 5] M
T oS & lPa v &
nal A N I ool O
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Figure 11. Frequency distribution of ionic strength during
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AF7Y ArEFs 7t FI7FsEw(Volume-weighted arithmetic mean;

Aol = - o] v7E dEles & Usle,
A7 =Es Ht 1569 pS/em= yEhyth ARE R Ao pHe A+ E(pH
499)ol 7vd ki, 7FSE(pH 5.24)0 7Hd =kth 1 A3E Table 7ol A8

olgld Aole AZH HEAFY FFom Q3 T A AR
T, Sl o7k oluA AR S7F Tol Ao St dEFE = Aem

A4 Z(2006) pH FHE 2N dAN =S FAEE Ay s w7
Aol M= pH 56 olate] Abgdn] B WE7F 80% olstelal, pH 4.5 o] ahe]
Zkgn] Ay Ml 10 ~ 30%2 Baetgith B Aol AE pH 56 olake] Adh|

NEE 45%5 Bo o e wiZd Xl va) 2 Adn] mesh Bhe low

w3 pH 778 F8 AR ¥ Z vlusty] Yste] pH 4.50]8), pH 45 ~
50, ‘pH 50 ~ 55, ‘pH 55 o] o] ¥ 73te= sty a2l 2bgdu] 2y
Hlw 9 abgskel Fobe] FE JdFS WAE nss-SOs”, NOs, NHY', nss-Ca” #-2]
AAE 2k om, 2 A3E Table 891 #1418k

WA pH 3 A

e

A Hes Adud pH 50 ~55 HIE7F 438%=
Mg Ee &S A EL Y thEo®E pH 55 o)A Gh7ko] 292%E AHA
gto] o] pH F3re] A7t 708% % AA|eheE Aoz ZAMEITE pH 3 A4 8o}
3t F2 J&FS A= nss-SO,4, NO;3, NHY', nss-Ca® AEE59 v W3S

age Aatel zro] mE pH PRl A A el 38
FE nss-SOS°] NO3 H&7F % %8 HegS wolxm 9t wkdo] pH 45

sl A= ool FFE vIAE NH), nss-Ca’e) 527 Julgor rbehe

.
il

ﬂll
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Table 7. The volume-weighted mean pH and electric conductivity (uS/cm)

of precipitation.

Spring Summer Fall Winter Overall
(n=32) (n=44) (n=26) (n=22) (n=137)
Precipitation 7871.7 1349.2 1077.3 421.1 3,635.3
(mm)
pPH(VWM) 5.13 5.18 5.24 4.99 5.13
Conductivity 18.30 9.60 18.80 24.20 15.9

Table 8. Concentrations (peq/L) of major ionic species in accordance with

different pH ranges.

Species <pH 45 45<pH<50 50<pH<55 pH 55< Overall
No. of Samples 6 31 60 40 137
f,[felf;ler(% 44 226 138 292 100
pH (VWM) 4.35 4.86 5.23 5.76 5.13
nss-SO;% 117.64 58.12 29.07 2513 24.27
NO;~ 91.15 48.36 27.33 2521  19.89
NH,' 60.27 46.66 26.82 2337 2056
nss-Ca’’ 28.87 19.92 11.05 15.09 8.16
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Figure 12. Concentrations of major ionic species in relation to pH ranges.
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Gl ek B S glo] CI ol&o] B4 pHA| WAL JFe RN
T oAk mEkA dE A e 99 BALE nss-SOs, NOy 59 F-7]ake]n,
o Slo| % vFOoE

Ao WHEE B AF WWOE AFAYE(Free acidity) 7 ol § Rk
AFAYEE A Sol & el Ule Faol &(H)Y MR UEiE, 4 (3)3

ZtH(Zhang et al, 2006).

Free acidity(%) =

AdHE A &0l &(NO;y, nss-SO)T Fhol&(H) BLEE ALE35Y
AR E(free acidity) S AlAFsle] Table 9o A|AsHATE G717 ekl A2 ==

12.0%0°] 3, ALHd 101%= 7MY 3 X5 B FTr)

Table 9. Seasonal free acidity.

Season Free acidity (%)
Spring 12.8
Summer 14.3
Fall 10.6
Winter 10.1
Overall 12.0

T3 A st dFe T A 7T AE VdEE F&ls]

st 2 (Dol 3 A3t 7191 & (Acidity Contribution, AC)S 3} T}

x| )

AC(%) = - - - e ARSI
[nss— 502~ |+ [NOy |+ [HCOO™ |+ [ CHyCOO™ |
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21 (@A [nss—SO,% 1+ [NOs ]+ [HCOO ]+ [CH;COO 1¥=  nss-SO,*, NOs,
HCOO', CHyCOO A#9 Fdsh o, X1 olF o= 3 A& dHFe=
o]},

o] 2o 98] F7]2HSO,*, NOs)# f712HHCOO , CH,CO0) 9] 2Hd 3} 7)o &5
Axreti o, 1 A5 Table 1001 AAIeAT. A-713bell F714kel]l o] &k 4Hd 5}
711 &0l 89.3% = AFAY Ao AAdst= o5 FUIAF ARl o A A=
A S Sl A F) 4kl o gk Ad st 7ol &8 843~ 95.8% 9] WHAE
HolFa gt F7)4b Fol A E nss-SO~ 9 71 & 1% 2 Ak 7h7te] A

o] wka] g 7)Aol o ¥ A 7ol& 2 10.7% % F-7)Akel Hla vig we

FAE ehheh AW 710 G s Flol & 42~157%% 2AEL,
53 Aol Aol F Yoluh BAA38%), JBHETNNE 7146 @
sk el gel A G, 4B 4ol & dolib B 7HSH(76%)

I AE42%)N= A et

Table 10. Seasonal acidity contributions (%) by major anions in precipitation.

Season nss-S02 NOs  HCOO  CHiCOO Inorganic ~ Organic

acid acid
Spring 477 385 7.7 6.1 86.2 13.8
Summer 46.7 37.6 8.8 6.9 84.3 15.7
Fall 47.9 44.5 45 3.1 92.4 7.6
Winter 46.2 49.6 25 1.7 95.8 4.2
Overall 47.1 42.2 6.1 4.6 89.3 10.7

dnrd oz Zre] F8 AMdEHEES HS0, HNOs, HCL, 714 Felth 18
oleldt A A =S T2 NH; MgCOs CaCOs 59 9714 =&l o8 53
N

2 2 = = . S =
el 9714 Folesl NHS, nss-Ca¥, Mg® ¥ 58 Z43W $35g 433
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T AN 5, 2006). ©] FAAAE NHz9k CaCOsol = F3hel 7]ofstal

(neutralization factor, NF)2 7} 4 v} F3}1A} gho] &4

ojgt T3} 7wt Ava & F Atk A (0), ) FIAAE Tk AlvkA o,
[nss-SO.% 1, [NOs 1, [NH4'], [nss-Ca*']x 2zt &9 dEs w2 Vet (Zhang
et al, 2012; Galloway et al, 1989).

NF _ [NH4+] (5)
NH? [n88750427]+ [NO;] ....................

[nss — Ca“]

a [nss—SOff]—ﬁ- [NO;}

A Aol o8 Aate NHy ol 93 F38el Ak 0.440]190aL, nss-Ca®' ol 2|3+ 53}
AA= 0212 vepgow, Add F3kl A= Table 11 5313t

AMEZE A nss-Ca’ ol 2% F3A47F 0282 YEY & Add
HlE] =S 5ol yelwth o)y BH it dFo R EFYATIF A E A
Bz o] BlES T3t 7o gly] wEd] Ao R FE (o] s, 2014).

T3 NHy ol 93 F38ldz7E o E-Hd = 05002, th2 Alde vl&] 713 =7
ok Wk A Ho| = NHy'ol 9gh F3027F 0395 yElo] o2 Al d o
Hlsf e AR ZAE A

A AFA G A= nss-Ca” ol vl NHyol o3t F38l7t wo] dojubar glom,
NH4 ¢ nss—-Ca® ol 9|3t 389 o] 57 ~73%2 X2 yeya 9ol F=2

T 7HA el s TakE Al 9l Aom AT

-
o
v
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Table 11. Seasonal neutralization factors by NH," and nss—Ca®"

NFy:

nss— Ca*"
Spring 0.45 Spring 0.28
Summer 0.50 Summer 0.17
Fall 0.43 Fall 0.16
Winter 0.37 Winter 0.20
Overall 0.44 Overall 0.21

s §& AFYEZ ZASEe] Table 12, 139 YeR At

A Fole] FEFEke] e BE AdAdA A7 Fole FHEFEE ol vl
Jow, oJFHo] b gt A Sole F MY =& A4S AASA e
nss-SO7 ¢ NO; 9] Gaksis 78 Ho 3489, 3658 peq/LE 7H8 2 #S w3tk
olx 8 ALHo nss-SOL 9 NOs o F%27t =4 UEhhs AS Q194 9dEAe
S7tel olgt dFgd Ao HAdy)

ek 7] FolA AF, 97] T 8Hbg-o] Table 120 Edd AEEol oAt
dojtiy A ol FEEh
SANE AAZE o5 F 3k AtololE oFthe] AolE

Legrand et al, 1993). o|& A A A TAS Qo] AL} ol ¢9 & A&

k=
[-'O
x
;%
=

@,
@)

=

@

~
2
[\l
S
(]
=

ol S e A AREEed 93 Faut dojd sheAe] F Aew ww
HAoH(F-F 2, 2013).

AFAYG 49 A 3tol] 7| E e F A S0l &(NOs, nss-SO47,
HCOO", CH;COO )¢ “th #ol2 H', NHy, nss-Ca” ot} ol& A4 o]
G5 E 3H[nss-SO 1+ [NO3 1+ [HCOO 1+ [CH;COO Nt S0l 2 d74
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Fol& FHFEE FH[HT+ [NH, ]+ [nss-Ca™]) zte] #AA AaAAdo] F45
Aol AHdst @ Feke R olE AwEe 9 dojdrta & & vk wkgR
dgel veaE A st H F3ke olE fd vE AEEY Vo
=S vtk (Kaya et al, 1997).

Figure 133} #o] AFA9e] Ao A48t =43 T3t =429 Jade A
AN A7 5] ABAT = 09612 g 2
ol oAFHe FHAFIE 0948= thE Alde vlE| M v RS Bon,

B 4TS Urhio] ALHdE ofE 4R Ee] A4 2 oo o Be 7%
SIS & F AU AT AFAN g W 2 FgelA o

A oo e JREe NoEE 3K $ee HAAFAT(EEL, 2013

Table 12. Volume-weighted mean concentrations (peg/L) of protons, possible

proton donors, and neutralizing substances in precipitation.

Cations Anions

H' 7.43 nss-SO4~ 24.27
nss-Ca*' 8.16 NOs 19.89
NH, 20.56

Total 36.15 Total 44.16
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Table 13. Seasonal volume-weighted mean concentrations (neg/L) of protons,

possible proton donors, and neutralizing substances in precipitation.

Spring Summer
Cations Anions Cations Anions
H 740 nss-SO,.  33.29 H 662 nss-SOZ  17.07
nss—-Ca®" 14.86 NO; 2719 nss-Ca® 532 NO; 1250
NH, 31.71 NH," 14.63
Total 53.97 60.48 Total 26.57 29,57
Fall Winter
Cations Anions Cations Anions
H 581 nss-SO4 2256 H 10.17 nss-SOZ  34.89
nss—Ca®  4.71 NO; 1732  nss-Ca® 13.63 NO;  36.58
NH,” 17.30 NH, 27.18
Total 27.82 39.88 Total 50.98 71.47
500
400 -
300 -

200 -

Z([H'T+NH, "+ [nss-Ca*"])

100
y = 0.6344x + 9.0588

R*=0.9233 (r=0.961)

0 100 200 300 400 500
5([NO,J+[nss-SO,2])

Figure 13. Correlation of ~([H]1+ [NH,]+ [nss-Ca®'])
vs 2(INO5 1+ [nss-SO42 ).
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Z(HT+NH,J+[nss-Ca®*])

Z([H*+[NH, '+ [nss-Ca*'])

300

200 - .

Z([H*]+[NH,'}+[nss-CaZ*])

100 -
y=0.6359x + 18.388
i R = 0.9001 (=0.949)
0 s : :
0 100 200 300
I(NO,J+[nss-S0,2])
<Spring>

400

300 o
&
Q
P
2]
£

200 ;.
T
=
=
z

100 - i

y=0.7092x - 1.8904
R®=0.9462 (1=0.973)
]

0 100 200 300
3(INOy]+[nss-80,%])

<Fall>

400

300

200

100

500

400 -

300

200 -

100

vy =0.6064x + 10.998
R*=0.8996 (1=0.948)

50

100 150 200 250 300
£(INO,J+[nss-80,2])

<Summer>

y=0.6003x + 8.2392
R®=0.9749 (=0.987)

100

200 300 400 500
Z(INO;]+Inss-50,7])

<Winter>

Figure 14. Seasonal correlations of X([H']+[NH,'] + [nss-Ca*1) vs

S(INO3 ] + nss-[SOZ]).
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Table 14. Correlation coefficients of ionic species in precipitation.

nss—

nss—

H' NH,  Na’ K oo Mg (0, Nos Cf HCO;  F HCOO  CHCOO  CHiSOy
H 1.00
NH,' 0.25 1.00
Na' 039 024 100
K’ 008 041 033 100
nss-Ca” | 006 071 008 060 1.00
Mg* 0.42 037 09 048 029 1.00
nss-SOS | 041 090 033 037 070 0.48 1.00
NO; 0.33 087 040 048 075 055 082 1.00
cr 03 022 100 033 008 095 030 037 100
HCO; | -030  -002  -015 001  -003 015 013  -011  -015 100
F 005 064 004 045 078 012 051 062 002 005 100
HCOO | 016 026  -012 008 021 006 015 014  -013  -011 011 1.00
CH,CO0 | 0.11 038  -016 024 034  -005 032 022  -0I17  -004 019 0.71 1.00
CH:SOs | 043 045 004 005 021 009 061 030 000 014 006 0.21 0.21 1.00
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CH:SOs, H'ol %2 QA AAgke vehigen, o WA 29e 125%° 49
29 Weli, HCOO, CH,COO 5ol ¥ Az wel Tz A% Az o
sy

Table 15. Results of rotated Varimax factor matrix for the ionic precipitation

species.

Species Factor 1 Factor 2 Factor 3 Factor 4
H' 0.03 0.35 0.73 0.11
NH,' 0.85 0.12 0.34 0.16
Na' 0.08 0.96 0.16 -0.11
K’ 0.57 0.43 -0.26 0.23
nss-Ca*’ 0.91 0.06 -0.05 0.18
Mg* 0.26 0.94 0.16 -0.04
nss-SO04* 0.79 0.19 0.51 0.05
NOs 0.83 0.32 0.25 0.04
Cl 0.07 0.97 0.12 -0.11
HCOs 0.08 -0.15 -0.47 -0.10
F 0.86 -0.08 -0.19 0.03
HCOO 0.07 -0.08 0.16 0.90
CH;COO 0.25 -0.11 0.09 0.88
CH350;3 0.29 -0.14 0.78 0.05
Eigenvalues 4.18 3.27 2.00 1.75
Variance (%) 29.9 23.3 14.3 125
Cumulated (%) 29.9 53.2 67.5 80.0
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71 =2 Ik ggo] wal AAE olEol Zheskr] witel =A<l
Qo] A= FH I7be] dFS vRIvH(ols2, 2014). 4o A
ZHHEEH A 2 sdE TAHeR trledede] A olE ddel wid

A7} X &EH o 3y i (Hatakeyama e al, 2001, 1997).
By

1990t ol =38l NASA°] PEM (Pacific Exploratory Mission) - West A%}
Bel A A mW2W HEjE Y el ti7]= solrotZ Y AAE ol Fste

SOyl 9&ll FF& W Aoz AT (Thronton et al, 1999, 1997).
upeba] Elvhete] dES mAE d7|edELDL A ol ud d&gu

obih zAb Bad gHolth AFAGe RN f98 v egede] AL

(trajectory cluster analysis)g 2 A] &4t}

B oA = 137709 AeAls A Gl ts 9A4 4 AAE
AR ede=dY FUAERE FAAY. JAA B vms S =
(NOAA, National Oceanic and Atmospheric Administration)] HYSPLIT4
(HYbrid Single-Particle Lagrangian Integrated Trajectory) 2 @S o] &3}
71325 2 GDAS(Global Data Assimilation System)E AF-&3Fth. =3
AAAH B AR T FTEH A= NOAAS H4E FNL (FiNalL run at
NCEP) #A5& o]&3stAth(dud 5, 2004). o] = FNL #t=o] 3 A= 9=}

A% Z+7F 1905 kmeol™, QA Tx2E AFHE 20 hPartA 14502 FA4 5o
Atk FaolA wAS di7|edE A A9 o 49 ~ 59 ojulel] FNtEo]
=9etE S agste]l gy 4o BEARATEE 541204 7h 2 At A
Aol FHuEE AFHF(33°26" N, 126°33 E)AHow HAGFIYTH(REQL,
2013).

T 13749 9A4 AL E A4 A4S AdS 49 77 FdAEE
408 o ® BREAE, 09 vy F3L ke B H5(Cluster 1)7F
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18%, ==+ 4 2 A3} (Cluster 2)7} 24%, &6 % (Cluster 3) 24%, I& =
3l (Cluster 4) 35%= &7 AT ol 92 F sdfolA FdE 7179 Hl=r}
7HE godd Ao m FAEJY. AXEFH EAS A3 A= Figure 159
e AT
A7 FF 7Y FAA R WE AFAAEY vEE A4S Hlustr] 9l
Z} Clusterd 2 o] 2Ad#-9 HdvEE 35193, 1 Z¥E Table 16, Figure 169
eb Atk e gtk Fatel €S A= nss-SO,”, NOy, nss—Ca”,
lusterd 2 W3 A3} nss-SO° 9F NO3 & k=
YW Fa BHA 7{7F Y=+ Cluster 1914 ZH2F 5227 52.96 peq/L= 7+
SEE BAFA 28 F5 5 2 Al == Cluster 20014+
Z¥z} 3874, 3753 peq/L= UERSTh SEEFAlA Zldte] f4E Cluster 3914+
T AR FRUF 77 4120, 3282 peq/LE YERG O FoA FUEHE
Cluster 4% 717} 2898 23.86 peq/Lo] WEFWTE nss-Ca’¢t NHy A& <
Cluster 194 Z+z} 23.08, 3893 peq/LE 74 =& L& Yehgglod,
Cluster 294+ 1764, 3560 peq/L, Cluster 391X F A& %71 1441,
3543 neq/L, Cluster 404 873, 22.85 peq/LE FAE St}
24zbe] e AAR S UI Clusters 7+e]l H]E %A A3 nss-SO4 &
Cluster 194 71F7F el RS wi7b Cluster 2 , Cluster 3, Cluster 4]
Hl3l] 1.35 1.27, 1.808] A% =2 %55 RoFrh 28]al Cluster 2004 7|77}
4 =39S wi= Cluster 39+ Cluster 40 B3] 0943 1.34v] %<& F%=7} e
%t NO; &= Cluster 1°] Cluster 29 #H]3f 1.41#8], Cluster 39} Cluster 49l
sl e 161, 2228 9 &S $EE BT o] AWNE EUE nss-SO7

Z,
=
o,
M
il
o
off
k1
Ll
i~
O

¢ NO3 A2 gnte 3 S5 H5oA 71 o] 9% v Ao FA}
= A

nss-Ca® 9t NH; & Cluster 1914 7157F 9 E RS w7} Cluster 291 W] 3s)
F 131, 1.094] =& F=E ®Blown Cluster 30 vlairl= zH2F 15580, 1.10w)
& % e HAon Cluster 4o el 253, 1708 & %7 Yeptt)
A A dete B S5 BRAA 777 ol e W st MY w2
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Figure 15. Clustered 5-day back trajectories of air masses corresponding to

sampling date at Jeju Island.
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Table 16. Ionic concentrations of precipitation and their ratios in accordance with inflow pathways of air masses by clustered back trajectory.

Concentration (peq/L) Ratio

Species Clusterl Cluster 2  Cluster 3 Cluster 4 Clusterl/  Clusterl/  Cluster 1/ Cluster2/  Cluster2/

(n=24) (n=32) (n=34) (n=47) Cluster 2 Cluster 3 Cluster 4  Cluster 3 Cluster 4
H' 11.20 10.05 8.78 6.00 1.11 1.28 1.87 1.14 1.68
NH," 38.93 35.60 35.43 22.85 1.09 1.10 1.70 1.00 1.56
Na’ 98.04 57.44 33.10 48.69 1.71 2.96 2.01 1.74 1.18
K" 492 5.58 2.89 2.88 0.88 1.70 1.71 1.93 1.94
nss-Ca?’ 23.08 17.64 14.41 8.73 1.31 1.55 2.53 1.19 1.93
Mg* 29.19 17.41 10.47 13.30 1.68 2.79 2.19 1.66 1.31
nss-S04% 52.27 38.73 41.20 28.98 1.35 1.27 1.80 0.94 1.34
PO, - 10.64 2.08 1.98 - - - 5.12 5.37
NO2 0.47 0.47 0.47 0.47 1.00 1.00 1.00 1.00 1.00
NOs3 52.96 37.53 32.82 23.86 1.41 1.61 2.22 1.14 1.57
Cl 105.25 61.52 35.43 52.51 1.71 2.97 2.00 1.74 1.17
HCO3 0.93 1.76 1.22 2.18 0.53 0.76 0.43 1.44 0.81
F 0.40 0.39 0.32 0.29 1.03 1.25 1.38 1.22 1.34
HCOO 3.91 4.66 7.37 3.86 0.84 0.53 1.01 0.63 1.21
CHsCOO 2.64 4.05 5.27 2.92 0.65 0.50 0.90 0.77 1.39
CH3S05 0.06 0.07 0.11 0.08 0.86 0.55 0.75 0.64 0.88
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Hnss-Cal+

BK+
= Cl-

# Na+

K NH4+

O H+

EIMNO3-

@ nss-5042-

B Mg2+

100
50

(/berfjuonesusouog
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B F-

B HCO3-

ENO2-

B PO43-

R CH3CO0- B CH3503-

B HCOO-

(berl)uonenusouo)

Cluster 2 Cluster 3 Cluster 4

Cluster 1

Figure 16. Comparison of ionic concentrations corresponding to the inflow

pathways of air masses.
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2. AFAY 74 Ry7bEHE pHE 513, A8 E 2= pH 499 ~ 524 W=
A S e AV AEEE 159 uS/em,(AAE 9.6~24.2 uS/cm),
o] 24171 0.2+0.20 mM=E 445%7} =4 49 F5S& A A

3. AEAEY BurtEdEdsE(ueq/L)= ClI > Na' > nss-SO7 > NH, >
NO; > Mg” > nss-Ca* > H" > HCOO > CH;COO > K' > HCOs
F > CH;SO; > NO, > PO/ 9= NO; ¢ SO AELS AL E1
oAEHo| Fgom Na', Cl, Mg”, nss-Ca” AEE ALH & 52
BTk abdu] @ M= pH 50~ 557F 43.8% 2 7Y =& vl &S 2A 3§
A3, pH7} RS+ 2 nss-SO4, NO;, NHY, nss-Ca®’ ¥ 5% Z7lsle AeS
Bt

4. §712Hnss-SO4, NOy)2| 2Hd 38} 7] &2 89.3%010 o, A& 95.3.%=
7V = dERgT §714HHCO0T, CH;CO0)e 7]o] &L 10.7%°] 9 iz,
AR AgHd =3, ALH 7 e 4TS Btk Ed NHgel o
TIELS 4%0)a, A-EREE oF o 50%2 7HE i, AL Ho| 371%=
b Gl YERTE CaCOsell 93t F3l82 21%°]a, w8 7F4 =i,

Ao e 3PS wgdh
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