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We looked into the characteristics and long term variations of chemicals affecting the acidity of precipitation.
To this end, we analyzed the data collected at three acid deposition monitoring sites for the period from 1999
to 2013. Three monitoring sites include Seoul, Taean, and Jeju island. Required parameters such as pH, electric
conductivity(EC), and concentrations of eight major ionic species were measured. In order to assure accuracy
and precision of the data, values of measured electric conductivity were compared against values of calculated
electric conductivity. Moreover, comparison between and was made in accordance with EANET°@s QA/QC
method to assure data reliability. During the monitoring period, the deposition was slightly acidic with pH
value ranging between 4.6 and 4.9. Precipitation with pH 4.1 to 4.5 was most frequently observed with occur-
rence frequency of 27%. The analysis of seasonal variations of atmospheric concentration of pH showed that
pH level was highest in spring season due to the influx of yellow sand and high pH levels in soils. The study
also found that pH levels of samples collected at Seoul and Taean monitoring sites were lowest in autumn. On
the other hand, pH level in Jeju was lowest in winter season. Increase in concentrations of NOj" in precipitation
was commonly observed at three monitoring sites. The concentrations of NO;” and NH," which affect the acid-
ity of precipitation at Seoul and Taean monitoring sites showed increasing trend.
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LM B 2 Siel 2 8 urle g e METAE sk
Fro 2 Polsw rkd Selvtelel 49 80dr)
Felbelsh dre THRe FobAlol el vyl AR % A FF| WHAM 90dhrb B
e A% W) oGBY M T Gt FFY Al AYE, PR ALAS TR AYFE,
FEG AYsle] oJF FPOR A T PYoR B AWSH: TRl Bt v} 119
wal7ka Qlek) B2 WEE o/ledBAG0,  ® Hh vk
NOy 5 A4 2 &4 BF Yl ol AP K oleist e tje A A2 el 2

fr o N

h
&P 5aY 5o AAE A AT FFE T LAEARE Aol vHEA 90T Fuk o] % A4
A

on, vl ATzl AR =T 2 F7h ol Bl Atk it ople} Meje] 7

"To whom correspondence should be addressed.
Tel: +82-32-560-7272, Fax: +82-, E-mail: airchemi@korea.kr



Feljer ysEe)

At 2087 =& AFES HoH, SO, viEHS
19900l 2,9005+ EollA 2020131 8,000~11,000%F
7R S7V AR dEEa ukd 53] S 4
olrlo} AA wiEEe] 60%, oMM oIAIH L] 9% X
Ashs Zoz BuEgen? v 2 gdse B
o] ARSEE A Aeke 3 o] Eof dho] A
Hlo] gt T2 FF2 AZ AoZ odHrh

2 AFelA = 199995 201397F4] 717k 4
| 7 WWEE S 29 ARE o83t

S EEESER:

L

=
L
o

T

>

O

S B9, A7IFA BN AMgEle ZHEY
(filtering) W& 483k, D714 Ja} AEH
FeS wiAIS b AHgtslEe] A7) st B4
setstaA st
2. ATey
21. 548 7] A XH
HRE Aol AR S 401E 9 F
Soln] . Ao el X EAd w}pE A
e FalEe AT St =AU S
o2 BFHE AME B, 2|5 Hes R H
s

o
ﬂ
!
E
A
N
=
oY
AN
o
o
;:U:
il
i}
é
N
K
>

|

TAIAHR] B 215 (126° 55' E, 37° 36 N
FUIAATY AE Sl A FH] 9o FHo|
A5 3 =27} st ok weAYQl see] A
A(126° 07" E, 36° 44' Ny AMZo2 3jigto] A3}
o FZog A 9 uks I8]3 50km ool Ejet
sk, grisE A, sk 5 diE el
ARB FFE S 7FsAo] A= otk wiAEAIGd
A ZH(126° 09' E, 33° 17 N)& AlFEe] AZo
Ae L8 slQt FHol fx]eh AFA o= S

Aol P2 W 5 9l AFolth

[3E Sl Ak A+ 27

W71 S5 ARIsE AR o] 51 1999
I 7P H2A 2013971R19] AEE E8Eon,
1999~2013d 714 37l XA&olA 7= Al AFE NS
& gie® st ARE Ass WAl 2t 5
AFE FHste] Aol ARgE e pH, W7HER,
FQ o] 2402, NO,, CI, NH,m, Na*, K,
Ca?*, Mg?") &/l 25 BAs9dt).

2.2. 25 A2 24

pHO] 739 4zl 8] so] we} wstsiy 25°Ce
A e Bo] Aol Fe [Hie oF 107 golnz
pH=log[H" 2ol <]l pHe 7.0& UehiiA @t} o)
ol &7 £ 750 E B IMEAES] 3l 9
g 7] pHeF ARS8 8l A8 dRE
3§ 257t 2dEE e (Water Bathyol] 33
AA 25+05°CE &% 24 & =33} ch(Fisher sci-
entific, Accumet 50, USA, Thermo Electron, ORI-
ON Model 150, USA). o]24E2 A5 A5 FY7]
(Dionex AS-40, USA)¢} Ion Chromatograph(Dionex,
IC 2000, USAE Ah&ste] EAaiglon #4271
Table 13} 7t} Bk Mg Al5e] AF 2 A2
I 5 B S0 Fo) Bajuhy

3} FYsie,

2.3. 24 HI0o|Ee| MEE HE

2.3.1. B4 dlojee] HERY

& AR BAA= AF, 2, AN T o
# Qe QA et WA = glom, H A

Ae 24 dolHe a9 E FoliL MIEE &Y
A717] I8l ol 2 Y A== AL A=
H2E $3sich

T3 Fopr ol A AdskE Ul E9A(EANET)S]
Quality Assurance/Quality Control(QA/QC) Program
protocololl wWel S0]2 (A Yol (Z0)2 FF F=

Table 1. Instrumental conditions for ion chromatography analysis

Items

Anion Analytical conditions

Cation Analytical conditions

Separate Column
Guard Column

Dionex AS15, 3 X150 mm
Dionex AG15, 3X30 mm

Dionex CS12, 3 X150 mm
Dionex CG12, 3X30 mm

Suppressor Dionex ASRS 300, 2 mm Dionex CSRS 300, 2 mm
Detector CD20 Conductivity Detector CD20 Conductivity Detector
Eluent KOH Gradient 5 ~ 55 mM MSA 20 mM
Flow rate 0.5 mL/min 0.5 mL/min
Injection Volume 50 uL 50 upL
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Table 2. Allowable range for R, and R, in different concentrations
XC+3A (peq/L) R, (%) Ameas (uS/m) R, (%)
<50 +30 <05 +20
50~100 +15 0.5~3 +13
>100 +8 >3 +9
(1 mS/m = 10 uS/cm)
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R, (%) = 100 x (Acalc—Ameas)/(Acalc + Ameas) (2)

Acale(mS/m) =[349.7x10° " +80.0x2C(S0; ")
+71.5C(NO3)+76.3C(CI")+73.5C(NH,)
+50.1C(Na")+73.5C(K)+59.8x2C(Ca"")  (3)
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Table 3. Sufficiency for R, and R, in different concentra-

tions
>C+3A Sufficiency Ameas Sufficiency
(peg/L) (%) (uS/m) (%)
<50 93.3 <5 96.8
50~100 87.8 5~30 91.9
>100 76.6 >30 89.7
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Fig. 2. Variation of annual average pH (line plot) and precipitation (bar plot) in Seoul, Taean, and Jeju.
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Table 4. The volume-weighted mean pH of rain water
Site pH 2008 2009 2010 2011 2012 Mean
Seoul 4.7 4.7 4.6 4.6 4.7 4.6
Urban Haifu* 4.2 4.2 4.2 4.2 4.2 4.2
Tokyo* 4.6 4.8 5.0 4.8 4.8 4.8
Taean 4.7 4.5 4.6 45 4.8 4.6
Rural Jinyunshar* 44 43 3.9 4.0 4.1 4.2
Tjira* 45 4.6 4.8 4.8 4.7 4.7
Jeju 4.7 5.0 5.1 5.0 5.3 5.0
Remote Xiaoping* 4.6 4.5 4.6 4.8 4.8 4.6
Oki* 4.6 4.7 4.7 4.7 4.6 4.7
*EANET(2013)
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Fig. 3. Distribution of (a) frequency and (b) rainfall amount according to pH value.

=7 VRO U Tokyod] 4.8 TH= STt

W] Aol Ag- HiQte] Hit 460 A T
Jinyunshar®] <+ 420 W|sle] Ekom] ARo| fjira
o] 478 0h= thA WA UERT) w2 AT
Hit 5002 T, Y& Agur} e =S e
Wiolom, 201219 Ht pHE 5322 200832 3
o 4.7 vlsle] & Zo =7 ZUlsIsith v dEy 5
o] wjAAY pHE 2008~201237H4] & HES W
o]x] gkgkom MutHo g AFEZE A3 F=t, F,
Aro] 7} 2oL 2008~201297HA] & WES HolR|
e 5L JeEpgieh

pHe W A Wes BAson o] ol
Fig. 3(a)oll JERNSIEE. ool 23t o] 71 =&
7S Kol pHY %5 AR, XY we} oF
7ke] 2olE Holw ou} A Xde 7 Bw pH
4.1~459] H7F 27.0%= 7V B2 &S AASIL
AATH

Al 29 M-S pH 4.1~459 46~5.00 W
7V 242; 26.1%, 25.8%% ¥ B-EE Borm, we)

o

75 pH 4.1~452] B2)7t 34.0%= 7}t
0 °]37F AA] 69.1%= A12-2] 583%

)

12

o

=

(%

o

skl ATk AlFe] 7 pH 4.6~5.09] HLl A
244%% =& BXE Hom pH 5.1 o] WY
HEF7F e 7 A vl =9kt

pH W9 7rake] Wie ¥ Fig 3(h)et 2o Al
A7de] pH 4.6~5.09] HEleA 22 40.9%, 39.6%,
26.1%=Z 7V e 7k BXE 2o, pHrt =7
ke 49 A Ae] ARk AA 3] 2.0%
el Hole E4o] Yeiith. ti7] SHE4d 4
ol F& e g3l=o] pHel WskE dov| wist
P2 73 e nE tEh

~

_‘

it

o

o

= RS E37 rainoutd] &3 TEo 2o E U
pHE BHSIth wjZol o] o] B2 pH7t A9 &
RS eIt 8 4 YATHD pH 4.1~4.52] W0
A 7P e WSS Bl M3t Bk Q191A @



SRt 2HElEe] s B4l ek AT 31
Table 5. Chemical composition of rain-water at various sites in the world
= B - + + + + +
Site Period  pH SO, NO, Cl ljga/L (%)Na K Ca Mg
Seoul 4.7 59.2(25.3) 37.1(15.8) 27.2(11.6) 56.6(24.2) 17.6(7.5) 7.4(3.2) 23.09.8) 6.2(2.6)
Taean 1999~2013 4.6 60.5(19.1) 33.7(10.7) 73.4(23.2) 45.5(14.4) 54.7(17.3) 9.7(3.1) 24.0(7.6) 14.3(4.5)
Jeju 49 495(13.8) 21.6(6.0) 1152(32.0) 29.7(8.2) 99.8(27.8) 7.6(2.1) 16.6(4.6) 19.9(5.5)
Guangzhou® 2006 45 1633 53.4 86.8 70.6 55.0 32.9 103.6 17.0
Shanghai” 2005 45 199.6 49.8 58.3 80.7 50.1 14.9 204.0 29.6
Jinhua® 2004 45 1169 37.0 10.3 99.7 75 5.3 56.1 4.4
Beijing® 2003 62  521.0 174.0 82.8 376.0 58.5 40.1 3970  160.0
Tokyo'?  1990~2002 45  50.2 30.5 55.2 40.4 37.0 2.90 24.9 115
Newark™ 2006~2007 4.6  38.1 14.4 10.7 24.4 10.9 1.30 6.0 3.3

Cao et al., 2009,'” Huang et al., 2008,'® Zhang et al., 2007, Hu et al., 2005,2” Okuda et al., 2005,2P Song et al., 2009.22
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Table 6. Seasonal average of %mssf (non sea salt fraction) and %ssf (sea salt fraction)

Species Season Seoul Tacan Jeju
9onssf Yossf Yonssf Yossf Yonssf Yossf
Spring 96.8 3.2 914 8.6 81.0 19.0
S0.2 Summer 95.8 4.2 90.6 9.4 74.3 25.7
4 Fall 95.1 49 83.2 16.8 71.1 28.9
Winter 95.3 4.7 83.1 16.9 75.3 24.7
Spring 27.0 73.0 134 86.6 10.0 90.0
cr Summer 28.5 71.5 23.6 76.4 10.6 89.4
Fall 25.8 74.2 14.8 85.2 14.7 85.3
Winter 27.8 72.2 20.7 79.3 12.8 87.2
Spring 96.0 4.0 92.6 74 70.6 29.4
Cat Summer 89.4 10.6 78.2 21.8 57.0 43.0
Fall 88.4 11.6 77.9 22.1 60.8 39.2
Winter 95.5 4.5 84.9 15.1 69.8 30.2
Spring 92.6 74 92.6 16.2 68.7 31.3
K+ Summer 89.4 10.6 89.4 244 67.4 32.6
Fall 90.4 9.6 90.4 254 61.8 38.2
Winter 93.2 6.8 93.2 23.2 61.6 38.4
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Fig. 5. Distribution of ionic concentrations according to pH value.
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