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Composition and Neutralization Characteristics of Precipitation
at the Anmyeon-do and Gosan GAW Stations from 2008 to 2017
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Abstract Precipitation samples were collected at the GAW Stations in Anmyeon-do and
Gosan for 10 years (2008-2017) to analyze pH, electrical conductivity and NH;, Na', K, Mgzﬂ
Ca?*, SO¥, NOs, CI', and F~ ions. From the analysis, the correlation between pH and rainfall,
the composition of precipitation and comparison with other regions, and the results of neutral-
ization characteristics by seasonal and pH were determined. In the comparison of ion balance
and conductivity for the validation of analytical data, the correlation coefficients were within the
range of 0.996~0.999, implying good linear relationship. The volume-weighted pH of the
Anmyeon-do and Gosan areas were 4.7 and 4.9, respectively. The pH of the rainfall was
affected by washout and rainout in both areas. The ionic strength of precipitation at Anmyeon-
do and Gosan were 0.42 + 0.63 mM and 0.37 + 0.75 mM, indicating about 27.6% and 35.3%
of the total precipitation as per a pure precipitation criterion (10~ M), respectively. The compo-
sition ratio of ionic species were 44.7% and 57.5% for marine sources (Na", Mg2+, CI"), 40.6%
and 22.2% for the secondary inorganic components (NH;, nss-SOf’, NO3), and 5.6% and 4.0%
for the soil source (nss-Ca”"), respectively. The neutralization factor of Anmyeon-do and Gosan
were 0.43~0.65 and 0.34~0.48, and the neutralization factors of calcium carbonate were 0.15~
0.34 and 0.25~0.30, respectively. Thus, both regions have the highest rate of neutralization
caused by ammonia. As pH increased in Anmyeon-do and Gosan, change in calcium carbonate
became greater than that in ammonia.
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al., 1998).

1989 A AGUN)2] 587172 AAZ1371+
(WMO)AIA 715Hsle] glo] ¥& A7 518}
=24 24 gk B2 A5}t A 19A
7124 " RE AFstr] 8] A7 =
213 (Global Atmosphere Watch, GAW)S A| 238}
th B A7t A9E el g, AT Ak
71737 olM 2@ F] 71FHSIA AR GAWCA
Hishs 24A7ES, RES7EE, o2, t7|5AL &
71F A EoF o8 F 37%] 248 A5 A
ot} wEhA] B Aol s tHEes 25t 7] szt
Al&ell A 2008~2017A7kA] #2107 FFA8E
AAS &, 2+ AF5S] pHEF T8 o] ES
Atk 2B 01 V2R ST PR
a0 e 2T A9E FIEEE =
A el s Fall ATFAGe] 315

Astat.

~

1

>
=
ol
o
;&
&
o xS o

7

At
o,
o

2 o7y

L

= A2 w3

AgE e 47 mo] X3 e E
7153 2 AE $2H(36.53°N, 126.32°EXIA 2008
WARE 20179704 ¥ 1087 A 09A1%-E 2 09
AR ANFH A EHFig. 1). AE 0] Hom HAo|

sh7)488) U 7] 4297 43 (2019)

T AR 24 2 F3} 54(2008~20179)

LF7F HAT 7 Qo] AFWN P s EFEE
FEAl o] H4 ©9)Ql 0.5mm o] AlETS &8
AEE AT} 7313 71 (EIGENBRODT, NMO
191/KSDSC, Germany)= A<= 7] 250 mmo]H,
7tE7] 92 W7b71e WA sl AEEY sl 7171
olt}. 7td 7= ALH wol g A Yl &
o|3L o= A& WAEAL, W= 7171 Hel Alg
E AAZ B3 A RS B Bide WE 7]
o] A ArAlEe] WMAS ol e 75,
ARG I A7NAETE PCE Eale] A8, 744
ANHE7= T N7 AX = Ao AREARF =]
mEt AlZkolugt o B2 A5 Ak AAFTte
A ANFH A Y FRTE Ao, 2F
H Are ARAHE &4 4588 B3 $ pHeF A
NNAEEE S50, = daste] 4°C ¥ B
3k el Fo o] A EEA o ARSI

(o]

I T o R AFFATH(Fig. 1). A A
Z7)(KNR, APK9900, Korea)= A5+ 7o) 230
mme|H, Z7F A& vl AEE ANFHS Aot
9e W A ES AFse 22 FHoUh
oA ZrFAF o FFE AA| 3 AsoR



3]

o

AFEG AeAH7IE T4 A Ade Ad
Stainless steel (SUS316, 2 mm) A A2 Ex|9} mojz
TAEC Eg UlF SHE FEsle] A s 7
7] o] HAE 4 e A 52 AAE ¢ A

23 &5 ANEe &4

e A5 pHEAS ¢18] pH (ThermoAl, ORION
3 STAR pH Benchtop)?} pH %= (ThermoA}, ORION
8157BNUMD ROSS Ultra pH/ATC TriodeyS AH&-3}
G, A7AEEE A7 A= =08 (ThermoAl, ORION
3 STAR Conductivity Benchtop)2} & =H(ThermoA},
ORION 013005MD Conductivity Celly2 AH&-3}31th.
& AEE FA] ZE(Whatman, PVDF syringe
filter, 0.45 um, 13 mm)E B84 4AE AE &
HG Fol H Fol A& AERE o] &t &
o] &(NH;, Na', K', Ca®", Mg®" )3} &-°]-2(S0;", NO;,
Cl, F)& % th¢] IC (DIONEX, ICS-2000, USA)YS
AAAZ ol2AaRwtEIHE AlAHF AS-50
Autosamplerg A&t g AR FYSE FA|
of TA st olwl &7 o] E A 71714
Z3H(IDL)9} 2o - 212 9HA| (98%)= 2+ 0.18~
12.53 ug L, 0.12~15.00%2] B91E 2} =3 pH
of A=m FA% AL 7I7IHEIAL AR A=
Z}z} 0.03~1.24, 0.2~1.2%2] HAS B}

3.1 2M H|0|E{e] ME|E ZA}
e NEY BAe &5 =kl
2o AR AF L B, Al AAHE, &
Soll wel 2 A3y A g2 5
EA4 glolEEd st AT E HEEA]
Zark th B A3 B4 goly A= o]
371 $18 7147t @rksle A 717
Al B I A AFREHE o] &R W AVAEE u];r_’
o]& z}o] FHEHS T A/HAEE 2} FHEHY AHA
5 A WHS AT
2008HE 201797HA] A5 AlRE ARE-3Red, o]
25A9 A7NAEEE HaETh AHE, Ak
FRAAEE b o]2FA], & FolTHEsE T
SoledgEre] A7k dHAS= 2 0.996, 0.999
Z AN, SHAARE) o| BRI AFA
% A ZHE 0997, 0.9992 =& ATAS Bt}
o

IAY F Ao} BE r=09 o] & AAAL
B, B el BAUOlEEe] A FEY A
o ZAEQUT et B P4 AR FAUE
3 A 10970 RS} I o] HFEARE 74

Z} 6367191 69471t}

A A2 ol

=

Rk 405

(a) AMY

0.40

§

8
'_
'E .

£ ° 4 6 8 1
'_

5 ‘

k]
l:/ 3

030 2

-0.40

-0.50

Tcation (Meq/L)
050
(b) JGS

0.40
§
®
o
'—
) (o]
g ey o .
= 4° 6 8 1P
§
=
o
=

-0.40

-0.50

TCation (meq/l-)

Fig. 2. Scattergrams of (Tcaion — Tanion) Tcation VErsus Tcation
of precipitation sampled from 2008 to 2017 at (a) Anmyeon-
do (AMY), (b) Jeju Gosan (JGS).
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Table 1. The volume-weighted mean ionic concentration (ueq L™) of precipitation at Anmyeon-do (AMY), Jeju Gosan (JGS)
and other sites.

1100 m
Year AMY  JGS  site of Mt. Jeju UN.” Romania® Beijing® Chizhou Shenzhen® Jordan® Niger®
Halla®
Period 2008~ 2008~ 2015~ 2009~ 2016 2011~ 2011~ 2005~ 2006~ 1994~
2017 2017 2016 2014 2012 2012 2009 2011 2005
pH 4.7 4.9 5.1 4.9 6.49 4.85 4.56 4.56 707 5.64
EC 28.5 243 159 22.7 - 82.0 23.0 - 85.0 -
H' 2249 13.50 - - 0.60 - - 274 0.62 23
F 1.24 0.68 0.2 0.8 - 12.0 6.12 1.72 - -
cr 63.61 9131 46.7 68.8 40.34 5.09 14.1 20.6 733 8.7
NO3 33.69  19.76 19.9 19.1 27.72 42.6 10.3 21.9 315 11.6
Na* 5444 79.82 432 71.8 22.55 215 3.09 11.2 70.2 8.7
NH; 4144 1736 20.6 183 169.96 346 382 335 25.7 18.1
K* 2.72 3.45 2.8 2.9 18.94 9.17 3.33 1.75 152 75
Mg** 1490  19.36 11.6 15.9 16.02 533 5.71 3.26 60.4 6.7
HCO3 0.22 0.37 - - 32.57 - - - 121 -
Neorn 51.8 352 29.5 372 54.61 357 178 64.7 40.1 9.4
Ca*' 19.2 147 10.1 123 80.27 273 189 35.4 1254 273
Count 636 694 137 284 362 - - 208 205 305
Rainfall 84625 114722 - - - - - 4103 - 5941.1

“Bu et al., 2017; ®Bu et al., 2016; “Szep et al., 2017; YXu et al., 2015; “Huang et al., 2010; "Al-Khashman et al., 2013;
9Galy-Lacaux et al., 2009.
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S Figs. 3a, boll YERNIATE QFHEQ} 225k A pH o} FE3k Bang et al. (2003)°1A] 7S Aol 2J35)
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Fig. 3. Distribution of variation of the pH of precipitation samples at (a) Anmyeon-do (AMY) and (b) Jeju Gosan (JGS) and (c)
relationship between pH and rainfall.
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Fig. 5. Volume-weighted mean concentrations (peq L™") and compositions of precipitation at Anmyeon-do (AMY) and Jeju

Gosan (JGS) Site.
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precipitation at Anmyeon-do (AMY) and Jeju Gosan (JGS) Site.
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110022A], A|FA], JordanA] & B tl= QFHIEx] o] oF
1.1~2.498), o}2Z2] 7} 9?1 Niger H.o}= QA7) oF
23558 A= o w2 ZAS= #AvkHEt ®iA
o RomaniaX| ¥ 2] NO; A&} F= W Chizhou,
Shenzhen®] 9} 2] NOj, NH; A&EL otHE®Y ¢ &
< 22 YeERITE 55 52 BeijingX 9= SO;,
NO;, NH; Al&o] ¢tAxrtt < 1.3-834 =th
AFE IR G oz 7RI HTh= 2F 1.0~3.74),
Chizhou#| 9 9] NO; A&7 1.94] =2 78 A|9s}
Ie OE AYEtge HsE i AY B3 FEE B
o}, wbde] P EWNa’, CNel A$ olZEIA Y
] Niger®} %= Beijing, Chizhou, Shenzhena <HH
ToF 2AET oF 22~17.68) AL e FEE B
3, Romania®| 93} &ehqt 1100224 2] -2 AEE
o] JFUEXGHL} [.1-3.58 A= Sdt)h AF= 2
A o] AFAIA G HE PP wEe] 2 AR
et o= a4k o] vithel IFs) o] A
Zte] f-9lo] e Ao FAHHTHBu et al, 2016,
2017).

333 AZE 9] o2 E T 2 =4

OFAL AR ] AEWE pHS} A7|HEEZE Fig.
Ta, 8 A5 AR dig AEE o A4S 7t
Z} Figs. 7b, col LERGTE 94 obHE9] AL, B,
AF, 7He A5 27k 589.5, 1636.0, 4344.0,
1879.5 mm, IAFS 1431.4, 3085.4, 4318.5, 2644.9 mm
o AFEs Bt F XY BF ALH Aol
7V Ao, vk o FFo] hpie] B ZoE U
Elgtth T3 F XY pHE ASdd @2
o}, otHEE BEdd w3, FAS oJFZ
pHE UElgth wbde] dArjdees F

205y

12 2 gl
HHE R
it rlo 32

R

ALH w3 AFH 7P wom, pHeF o A
HAE vEtETh ole AFEs t7] F oleETxe
ztolol] o3k Ao 2 A=, Kang et al. (2006a)°]l
A AT AFASG Frre] AE BAC TLS 2
s BATh HHEX O] Aol 2R BT A%
Hell ¥, Na', CI" &S A9 yuA g2 A&
E2 oEH ve FEE B =3 1 e
AA] BE AEEC] ALH %oy, F, NHy A
1=}

o
oX,
X
e,
i'l
o v
i)
i)

K rZ rlo njt

o
Hel| 7] EFa7F ol S AEZ] Flo]
(Viana et al., 2006; Han et al., 2008; Schwarz et al.,
2008), Aol A7) wiiolet dkE )

TS R, It ARl o] akg-EA (NH.,
NO;3, nss-SOP), MG ENa", CI, Mg*h), ESAE
(nss-Ca’) AL Fels| B Ax, AL} 71230
AR 247 FEEE 50% ©17, 4k 75%
ool HI&S AHA 8L, vkl o|xk-g-EH o] A
FE2 3o o=, 34 7H2) 49.9, 32.4%2] 24
S RYTh 3 BERES] A Bdd M w2
23S B ol FEH dojue At PG 9
&l nss-Ca’* 49| Fwr}t F716l7] WlEoR F2H)

3.4 QtHE AKX Zho| LM St Bt Y

34.1 A4 5o 3 54

e AAste At o® H,S0, HNO;, HCI,
F712HRCOOH) Tl oJaf Yot} wpeba] o]& AF
BEA #A7)(nss-S0;, NO3, CI, 714 §) &
55 A 77 2Hds 7198 /58 2
th 28y o] F CI A A9 AAAGAM =
2 gl o8 FUEE Aow dEA Jon,
4 pHell "X = 32 mmk 2102 AR 3l
(Bu et al, 2016). =3 oA APEHES FE
NH;, CaCO;, MgCO; 521 714 &40 o3 F3=
= oz dEA U, o5 dAVEHS] ALKNH,,
nss-Ca’’, Mg*)¢] H52 2431d Frloes &
3 4 JthKim et al., 2006; Bu et al., 2016, 2019).
mebA F3PloEs ool A(HEFEH F3IRIAKNE,
neutralization factor)S sto] H71e 4= Q). 29
Al [nss-SO;7], [NOs], [NH,], [nss-Ca*']i= 2+ A2
FFs=oltHBu et al., 2016).

e

Lo N

NF(NH3 or CaCO3)

=[NH; or nss-Ca*')/([nss-SO3 ]+ [ NO3]) (1)

Table 2914 StA%, J25ke] F3}&S AAbslal, €
A ste] B IE ARG, F X e dEote}l et
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Table 2. Neutralization factor (NF) by ammonia, calcium carbonate, and magnesium.

Site Period Ammonia Calcium carbonate Magnesium
2008~2017 0.54 0.22 0.04
Spring 0.52 0.34 0.06
AMY Summer 0.65 0.15 0.04
Fall 0.49 0.20 0.04
Winter 0.43 0.26 0.04
2008~2017 0.43 0.27 0.05
Spring 0.44 0.30 0.06
JGS Summer 0.48 0.25 0.06
Fall 0.44 0.27 0.04
Winter 0.34 0.26 0.04
) ) . 2015~2016 0.44 0.21 -
Jeju National University”
2009~2014 0.33 0.20 -
Chengdu, China” 2008 0.45 0.56 0.04
Indo-Gangetic Plains, India® 2009 0.19 1.34 0.26
Singapore® 1999. 11~2000.10 0.19 0.16 0.06
Xi’an, China® 2011.6~2012. 7 0.50 0.99 0.09
Jordan” 2006.10~2011.5 0.84 1.75 0.21
Zigui County, China ® 2009.6~2010.7 0.39 0.48 0.06

“Bu et al., 2019; Wang et al., 2011; “Bisht et al., 2015; “Hu, et al., 2003; “Xiao, 2016; "Al-Khashman, et al., 2013; ®Wu

and Han, 2015.

Zgol o F3kES ERlsE Ad, AAAS7IH
I A A R ool o3t FEE2 IHE, I
aboll A Zbzh 0.43~0.65, 0.34~0.482] WS HAL,
ebzbge] ogh F3k&-2 77t 0.15~0.34, 0.25~0.30
o= ekl 2el3 ARE F8elA 5 gruje}
o 93k F3}gL okAL yA F XY BT 23
S =3, AgFHo] v, wbHo) bzl o3
shg2 g3 F3, AFH g °
ATEIATE B3] BFol gikdg] oSt
2 O A B8 =

ol w@ol doju= FAF YL 1< nss-
Ca’o] 7rgroll FFgS ol Fakgo] ke o=
uoEn AgFoe=m ool 93t 5
shgol 7P A o 5
of ebzdge] o8 Aol FskE A eS¢
T ARt

A|F=A1Bu et al., 2019), A= (Bisht et al., 2015), T=
(Wang et al., 2011; Wu and Han, 2015; Xiao, 2016),
A7FEHu et al., 2003), S E2%(Al-Khashman et al.,
2013)3 22 A9} 2 AFA G F5h&-S Hlas|
B A3 AFAE ohix, Ik ¥)s2EA] Yo}
o] @Eo] 71 AL, FAAY T A7HES AL
R Agex= dRYolrt= Bk S35}

it
f

sh7)488) U 7] 4297 43 (2019)

&o] B ZA yebgttl webd Tiwari et al. (2012)
T3 A 2 eEge] F8keo] B2 A9
7ol Aol ESFYAel ogt JFE A W A
o7 yetEoh

B AFLA G FQ AHdE-0]e(nss-SO;, NO3)2
g3} Aol et g7)Ad gl &(H', NHy, nss-Ca’)t
7+e] dAdE ZARSH Fig. 8o EAISIATE ol&
Aol FAET A7l F71e A
o] FFE e W3 B FIhe FE olg AR
o o8 dojutr deS omgth(Kang et al,
2006a; Bu et al., 2016). RItZ o]E9] iAol v
S5 AT st 4 Sk ol 9ol o A
59 7957t =58 v etk(Kim et al, 2013).
wEbA] QPHESE Ay b 43St A FskEAd
o] FHAEE AR B A, AT ()7 Z2H2E 0.964,
097002 Yelyttt. o]t A5 uigo g F xd
2 ko] AHdst A FEle ol FRAAREC 93
dojup, o] 9d thE At AVIHEES] JdEE
A e Ao w WoETh

342 pHE 7Z5¢] 243} 31 4
AT, k] B E Afolo] mE §4E =
AVal7] 9130, 67F4] pH F7HpH 4.0 > S, pH 4.0<S<
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Hoj= el ot W & A
AT FEgE ZFe] pHIF 5.5 o/l - A
Yotel ek, vl o]gh F3F 71989
o] 1o] H=Hl, ole 7l siElEe AMEES
AL & dE FES G718 EHo] EAldY =
AL ougtar deA] dtk(Kaya and Tuncel, 1997,
Kang et al., 2006a). Lee et al. (2010)°] <]3}H H,SO,
7 HNO;, NHy7F 37 & w, H,S0,& EF
(NH,)H(SO,), (NH,),S0,2-2 EAI3H NH;= HNO;
B} HS0.34 4802 Afste =, H80,0] Ca™,
Mg™, K'3h 98 A 5 e 4 BF 3k
o2 FAEGL g=A Utk T NH9F SOy =
2|32 Ca’'e} SOF 4] Aadol pH7F Eoblel
2} grUol= 0.9 082 dEAdo] ozt Yolx| 1,
ZF2 Aol 0.6914 092 EolA= AAE B
oh. Wb pH7E Eobglel wet Ry otr o gk
T2 F3Fgo] & e Hol, ol wAbdgol o3
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Fig. 9boll YEM A tH(Kang et al., 2006a; Draaijers et
al., 1997).
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