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Abstract

Lake Paldang is a main resource of drinking water for 20 million people in the greater Seoul area. Dry deposition
amounts of nitrogen and sulfur were estimated for three typical days in each season over the watershed of Lake
Paldang. Models-3/CMAQ (Community Multiscale Air Quality) and MMS5 (Mesoscale Model) were used to
predict air quality and meteorology, respectively. Aerosols as well as gaseous pollutants were considered. Nitrogen
was mainly deposited in the form of HNO; while most of sulfur was deposited in the form of SO,. Contribution of
secondary pollutants was the largest in fall since they were transported from the greater Seoul area. However,
contribution of secondarily -formed particulate pollutants to the nitrogen deposition was the largest in winter
because semi—volatile ammonium nitrate favors lower temperature. Annual deposition amounts of nitrogen and
sulfur were 37% and 26% of their emission amounts, respectively, over the watershed of Lake Paldang. Higher

value of the nitrogen deposition showed a more influence of pollutants emitted in the greater Seoul area.
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Fig. 1. Grids and the modeling domain. Location of the watershed of Lake Paldang is shown to the east of Seoul.
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Table 1. Meteorological conditions at the Seoul weather
station during the episode days in each season.

Average Average Precipi-
Season  Episode days wind speed temperature tation
(m/s) (°C) (mm)
Spring  Apr. 21 to 23 3.2 14.9 -
Summer Jul. 27 to 29 1.6 294 -
Fall Sep. 29 to Oct. | 1.3 18.2 -
Winter  Jan. 15t0 17 2.1 -1.8 0.0
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Fig. 2. Distribution of pollutant emissions.
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Table 2. Total amounts of nitrogen and sulfur emissions
over the watershed of Lake Paldang compared
with those over the modeling domain.

Emission over the  Emission over the

Compound modeling domain  watershed of Lake I(Bé,A)
(tonfyear) (A)  Paldang (ton/year) (B) ' ”°
NO, 9,304 (4.1)* 899 (3.0) 9.6
NO 83,739 (56.5) 8,088 (42.1) 9.7
NH; 33,097 (39.4) 5,979(54.9) 18.1
Total nitrogen 69,166 (100) 8,971 (100) 13.0
SO, 61,935 (100) 10,602 (100) 17.1
Total sulfur 30,967 (100) 5,301 (100) 17.1

“Number in parentheses indicates the contribution of each compound
to the total amount.
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Fig. 3. Representative wind fields for each season (mmdd hh: mm, local time). Highest wind speeds are 8.7, 6.6, 5.5,

7.1 m/s in spring, summer, fall and winter.

J. KOSAE Vol. 21, No. 1(2005)



R

54 ZAled - AR - LA

o

)

23, A AHRE EAME AA7RE BA

de| uigde] ofstA Bx et AL AXA
Aol 93] oJof Hubel] AAAM BFE == &
do] wigte] B A& B 4 9l

off > ofd
o 2

2

2.4 7|} MH

714 2L 3AzL 7| mdE (A7 Zt Ao s
AT B4 o]4% A3 MMS mlo] 91¥
ABE o83l o, Fae] AT oy T
g dE Aot o3 e AA ‘3—! z27] &27&
Models-3/CMAQ@|A] 7)o 2 AlFs= A o7
27 ARE ol &It 2|2z FY ¥EE
7H3td7] Wil 2712709 BEAAS wiAls}
3, =3 A wbge] Z)A whgRe =& 3
oFslte] o3 Q=)o) w)sle] FEBMA 63A12HE 27
AgA o w syt

——a—— Observation
Spring ——&—— Prediction

,_f\
M\w w*v;ff

0|\}I|IIILII\\II4\>II\

80
60
40
20

NO,(ppb)

_A_I_A_._A_I_A_I

20 Summer

60

40 ]
: A

20

- < S
0|||1\1|||\\||\\1—|*1\\||\\
Fall

1_I__J._I_‘

NO(ppb)

[

80
60 -
40

NO,(ppb)

ZO]

0 4]

30 Winter

60
40
20

L i ]

3
|

<o
O\l\\

|1\|||1l||\\|1—|x!||\\1
12 24 36 60 72

Time (h)

3. gz 9l nF

3.1 Sk Hme} s

249 Ao AFE fste] AU A5
vlastsleh (2 4). FAg s Ae Aol 94
g 2070 SR ZARY Teg AZbEE FEEh
o, o F3h2 ME A el AFel= 47 AR 3
< F#ste AAH 2z NO,9t SO, =F o &3k

o] ZAzkol| v)F] thh o 2E= Aske] glor}), &
= HAE ARG AL F sugkel A U4
& Re Aol AL wEA} A Aok

ALH AL 23 Y F45 SVl sl duk
Aoz Fxrl sk WA Bt e3lE A
Fxo F7kshe d4de] vebdel oiel 53] &uk 2
A F¢ & zbel7t Rk BAel= NOo 7
<2 10~20ppb, SO,2] 7% 5~ 10 ppb A= 4 =3k

—=a—— Observation
Spring —e— Prediction
40 -
o
[=9)
=)
o)
%)

e = e il o
0\|||\\»|<\»||\t|tg|1r!||1\
40 Summer -

= 30

=3 i

=20

2 10 ﬂ&;
Py pungadamaasa st Sved—m

0*’7’1\\||1\\|1[l|4\||‘\ll

Fall

SO, (ppb)
(3]
<
|

10 T T [

0~ 1+ T ]

40 Winter

SO, (ppb)
(3]
o
|

0 R 7
T k L A N O BN B B Bt M L
24 36 48 60 72

Time (h)
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Table 3. Comparison of dry deposition velocity of major species (cm/s).

Source NO, SO, HNO,
This study 0.0~0.7 0.0~1.8 0.0~6.0
Ghim and Kim (2002) 0.1~0.8 0.1~0.8 02~25
Park er al. (2000) 00~2.0

0.30~0.80 (soil, cement),

Finlayson-Pitts and Pitts (1986) 1.90 (alfalfa)

Brook et al. (1999)

1.0~4.7
(grassy field)

0.1~4.5 (grass),

0.1~ 1.0(pine forest)

0.1 ~2.5 (coniferous forest),
0.1 ~0.6 (deciduous forest),
0.04~3.4 (grassland)

0.0~ 11.0(forest),
0.0~4.9 (grass)
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Table 4. Total nitrogen and sulfur depositions on nitrogen and sulfur bases, respectively, over the watershed of Lake
Paldang for three episode days in each season (kg/three days).

Compound Spring Summer Fall Winter
NO, 5,175(14.6)* 4,924(21.2) 1,907 (4.6) 1,536(7.8)
NO 0.3(0.0) 0.2(0.00 0.2(0.0) 0.2(0.0)
HNO, 26,740(75.5) 14,276 (61.3) 37,270(90.2) 13,179 (67.0)
NH; 2,277(6.5) 3,643 (15.7) 963(2.3) 333(1.7)
NO;~ 323(0.9) 1.1(0.0) 152(0.4) 2,108 (10.7)
NH,* 894 (2.5) 429(1.8) 1,037 (2.5) 2.513(12.8)
Total N 35,409 (100) 23,273 (100) 41,329 (100) 19,669 (100)
SO, 15,270 (95.7) 14,817 (96.4) 7.876(86.7) 9,894 (94.0)
H,SO, 48.1(0.3) 18.4(0.1) 10.6(0.1) 7.8(0.1)
SO, 645 (4.0) 541(3.5) 1,195(13.2) 622(5.9)
Total S 15,963 (100) 15,376 (100 9,081 (100) 10,523 (100)

“Number in parentheses indicates the percent fraction.
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