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Abstract

In order to understand the precipitation acidity and chemical composition of ion species in lksan area as well as
to know the difference of chemical characteristics in precipitation samples from the viewpoint of precipitation
sampling method, precipitation samples were collected by wet-only automatic precipitation sampler and bulk
manual precipitation sampler in Iksan, from March 2003 to August 2003. The mean pH of precipitation was 5.0.
There was a little significant difference in the mean value of pH between automatic and manual sampler. However,
pH values of some precipitation samples were lower in automatic sampler than in manual sampler, especially in
case of precipitation samples with small rainfall for March 2003. The mean concentrations of each ions in
precipitation were generally a little higher in precipitation samples collected by the manual sampler than in those
collected by the automatic sampler because of accumulation of dry deposition on the surface of glass funnel
installed at the manual sampler during the sampling period of no rainfall. Dominant species determining the acidity
of precipitation, were NH, " and nss-Ca*™ for cations and nss-SO,>” and NO;™ for anions. The mean concentration
of NH,* and nss—Ca’" were 31 pteq/L and 9 peg/L for the automatic sampler and 40 peq/L and 16 peq/L for the
manual sampler, respectively. In addition, nss—SO,>” and NO,~ were 27 peq/L and 13 peg/L for the automatic
sampler and 32 peq/L and 17 peq/L for the manual sampler, respectively. Although the concentrations of the
acidifying ions of nss—SQ,*” and NO,~ were about 3 times higher than those for foreign pristine sites, precipitation
acidity were estimated to be natural due to the neutralization reaction of the alkaline species of NH, ' and nss—Ca*'
with its higher concentrations. Considering the ratios of nss—SO,*/NO,™ and NH, “/nss=S0,*", it was found that
ammonium sulphate was dominant in Iksan precipitation. The major non-sea salt ions were maximum
concentrations for March, but decreased with increasing of precipitation amount.
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Fig. 1. Precipitation sampler installed in lksan (left : automatic, right : manual).
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Fig. 2. lon balance and conductivity balance in precipitation samples in lksan (March 2003 ~ August 2003).
Table 1. Summary of chemical parameter in precipitation samples in lksan (March 2003~ August 2003).
EC, NH,m KV Ca®* Mg®™ Na®™ F NO, NOy SO CI° T-C' T-A®
pH
uS/cm peqg/L peq/L
Auto- VWM? 496 10.1 308 08 8.8 038 59 0.3 0.5 134 278 58 580 478
Tksan matic sp* 023 127 494 1.4 196 54 71 1.2 36 236 299 60 831 639
Manual VWM 508 112 403 08 159 28 6.7 0.5 22 170 324 176 748 597
4 SD 0.15 132 566 33 334 8.1 10.1 2.2 57 294 347 100 1104 81.0
' T-C : Concentration of total cations
2 T-A : Concentration of total anions
* VWM : Volume-weighted mean of event data for each analytical parameter
4 SD : Standard deviation
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Fig. 3. Comparison of automatic and manual sampler for pH(a) and EC,,.(b) in precipitation samples.
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Fig. 5. Content of cation and anion in precipitation coliected by automatic and manual sampler.

800
(a) Cation s
a
600 b 8
2 e
g a /./
= 400 | 7
El $ s o NH,
g o
= °y p ¢ Ca
200Fo ¢ %7 + Mg
“8/5/ o Na
0 g 1 L i
0 200 400 600 800

Automatic (peq/L)

800 g
'
(b) Anion s
e
Ve
600 o/
ya
=2
g ° e
5 400} e
)
=] 9
g ¢ 5 // o SO,
o o8 & NO,
200 | 4 ’
o }/ o (Cl
o
0 N 1 1
0 200 400 600 800
Automatic (peq/L)

Fig. 6. Comparison of manual and automatic sampler for cation{a) and anion(b) in precipitation samples.

7)ol A U B2e) Agst 1:1 ASRAE el
A Aol QA PEFoA o AG &
Apgh Folleh 2ehv ReA o SEA AR
A AdAez & =2 Jepidded oA %
Fko] Aol o FrpibAldde] wlwA o)
79 7y Aol AlgAFRql 2] =
g 7k @ AA7YENE o] TFeA A Alms) §
A A=) dEzoz AaHd AR F Uk
we ol g Aole AeF A2 ZAY NH,',

Hooot 4

g7 g A209 A3=

Ca’*, S0, 2 NO,"9 AlaAdzdd = #Hss
vepd I 794 U 5 it

3.5 2% o|2YES FUH N

5] A3z 9l eddx 5AE B A olss}
7] fEAE o] AR A M e] BasA H
A ¥ A=Hez Mgkl <143
WA el 2133 Qo] AEAAF sl 2
g odgfe] Z Aoz A= 23 82 Nat A%



bAoAl A W SEANDAG] dhe o] debd B4 ulm 389

700

600 L * °

500 t

400 t

NH, " (ueg/L)

200

Precipitation (mm)

100

[

s

b s
@

700 + 150

600
500
400

300 t

Ca** (eq/L)
Precipitation (mm)

200

100

700 150
600 |

o+

500 |
400 1

300

SO, (neg/L)

200 f

Precipitation (mm)

100

700
600
500
400

300

NO;™ (peg/L)

Precipitation (mm)

200

100

47-48

410-4.11
18-4.
9.
2
5
s,
3

Date, March ~ August 2003

Fig. 7. Temporal variations of NH,*, Ca’*, S0,2~ and NO,™ concentration and precipitation amount. The height of the
gray shaded area shows the daily precipitation amount.

J. KOSAE Vol. 20, No. 3(2004)



390 7w

250
+
o Automatic -
200 F | * Manual -
a
T 150
Q
2
0
100 L‘ -
st .f:
o Q,'o
50 I
o F o
R’ A
0 50 100 150 200 250
Na* (ueq/L)

200
o Automatic
60 F | * Manual
+
120 +

Mg** (ueq/L)

80 |

© + .
40 b R
+ + e
° ° R
E¢m
0 W'- 1 1 L 1
0 40 80 120 160 200
Na* (ueqg/L)

Fig. 8. Variation of CI~ and Mg®* to Na* in precipitation samples collected in automatic and manual sampler. The
dotted line means the equivalent concentration ratio of Cl- and Mg®* to Na* in the sea.

< #9712 A& (Cheng er al., 2000; Seinfeld and
Pandis, 1998; Sanusi er al., 1996; Wilson, 1975)% 3}
o ez 72 e dedl Mgteh O %
=2 vehd Hoz AL 432 Na'ol @3t o
ol pel swnle vebd Aolek od7lelH
717t Bt 45 M2 e} O 5% Na'eh 3=
= so% ABHe 2E Aoz dehion
(p<0.001), Na*¢} CI"9] A$ sj5el9 =9}
A §A1e 712718 eplle] o F oleREe )
Brol gyl g ez AR v
Mg?" 2] ¢ Na' 9} ¥ A& ebisi=IRt &)
50| 71e7) AAeanE e "oz glo] FEH
oz 2opr|{lel 27 FEE P e Aoz A
245}, o] & o] A Ho] dl5o) pEw]et 43 &
AA e AL WEAY B5F Na'eh Mg* 9
A4 mopRe) S e Ba Br Aew
otz glen (Losno er al., 1991), CI"9] 734 2:9
7 azkol} Q4 F9 QA LA )
23 QasigrBol WGl FUHE Aoz 4F
A glo] (Willson et al., 1989), 3] o] gjol} =oFo|r}
Q9 e Ae W] WEoe A
234

e K'Y, Ca’t, 80,79 A= AFAM
3= Aoz ol gl=d (Kang er al., 2004; Cheng
et al., 2000; Seinfeld and Pandis, 1998) 2 Q¢ A=

il

L

s

©:

gz @A 21209 A3 5

AFANAA A4 Aol wwn] 2t 27k 7,
380, 408 ESkon] FEAARAL A 247 6,
60, 400 7 eRgeh. olHid APE olF ol
Hyel A% shopuct ohe A ke 4o

o2 7 BT Ug AulYek A7lolA Cal
o) 7% F2 Azl 2% 3B B e AL
2 QoA glem, K shgdelt Azl 2@ 43

= AR Al 1 Algteke] AlEA| %9 biomass-t
2H7] 27 3 RS Aoeww dHA AT
(Cheng et al., 2000).

a3 9% A7 B AeE AHand AE
o BF seg AnAALdel weh el Aol
A71AA AL A nss-Mg> 9} nss—CI 2]
A4 &2 7 vepded ol vsiErIY o9
o] o2 el fHllshe Nat 9] 7= 4T
CI/Na* 9] sxn]7} sl4e) 1168} P& 3k (2hE:
0.98, 3% 1.14)e] v 7Y AL = A2l
A4 7] HEolth AsbHew 20034 &, AF
F4 AR 252 shebd S4E 2R
A719e Fo o] AR AlEA A WA FAY
ofo]-22] A% NH," ¢} nss—Ca’*ojglom Fo]29
A% nss-SO sk NO, ¢l Aoz vehdeh =
HYE A9 B8 ZE o)242e) FE7h AEn
o sgM B4 dehdth A5e A% A4E
NH,* ¢} nss—-Ca’" 9] %3 30.8 neq/L3} 8.6 peq/L

3]
il



EREEERE T

50
[0 Automatic
40 L B Manual
~ 30F
o
g
2
s 20F
=
5]
@]
10
0
H NH, nss— nss— K NO, nss— nss—
Ca Mg SO, (I
-10

Ion Components

Fig. 9. Concentrations of non-sea salt ions in precipita-
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Fig. 10. Monthly variation of pH (a) and EC,,, (b) in precipitation collected by automatic and manual sampler. The height
of the gray shaded area shows the monthly precipitation amount.
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