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Estimation of Dry Deposition in Urban Area, 2005
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Abstract

Dry deposition fluxes for SO,, particulate sulfate, nitrate, ammonium and HNO; were estimated in urban area for
the time period January ~October 2005. Fluxes were generated using atmospheric concentration data collected
both in Acid Deposition and Air Quality Monitoring Networks, and deposition velocities computed by combining

land-use data with meteorological information.

The resulting annually averaged SO,, HNO; and aerosol deposition velocities were found to be 0.4 cm/s, 4.3
cm/s and 0.1 cm/s, respectively, and thus deposition rates were 4.4 mg/m® - day for SO,, and 5.4 mg/m” - day for
HNO,, and particulate sulfate, ammonium and nitrate recorded 1.0 mg/m? - day, 0.4 mg/m? - day and 0.4 mg/m? -

day, respectively. Maximum for SO, in seasonal variation of monthly averaged deposition velocities occurred in

summer in contrast to HNO, showing peak in spring. There was no significant variation for aerosol. The dry to

total (wet and dry) deposition contributed about 40% for sulfur and 28% for nitrogen species in this study.
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Table 1. Summary of R, parameters.

Parameter Equation Comment
R,, 200 400 Stomata? r.esnstance to water '
Ry =R 1+ 014G T.(40—T,) Ry =minimum bulk canopy stomatal resistance for water
’ ¢ ¢ vapour, G=solar irradiation (W/m?2), T,=surface temperature (°C)
R, R=R Do Stomatal resistance
S D, D, =Molecular diffusivity of gas x in air
Rp _ 1 .
Rn=—"7% Mesophyll resistance
X Hmm - . .
3000 + 1001, H,*=Henry number, f  =reaction coefficient
R Ry, . .
" Ry,= L* l Cuticular resistance
ﬁ +1f,, H,*=Henry number, f,,=reaction coefficient
100 < I+ 1000 > Aerodynamic resistance to lower canopy
Ry R = G+10 G=solar irradiation (W/m?) S, =slope in radians of the local terrain
de 14+10008S,, $,e=0 in this study
RCI — 1 . .
Ra= H* £ Resistance of the exposed surfaces in the lower canopy
X 0X
K= =reacti i
I0Rys T Ruo H,*=Henry number, f,,=reaction coefficient
R - Aerodynamic resistance to ground
£ R 2_1-
£ HX + fox Ground resistance
105Rgss Reo H,*=Henry number, f ,=reaction coefficient

% Values for Ry, Ry, Rass Raos Racs Ryss, Ryso referred Wesely (1989)

o 7]A] S, Schmidt numbereo]t}.
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Fig. 1. Monthly variation of ambient SO,, NO,™, SO,?", and HN," concentration (January through October 2005).

Table 2. Land use categories and area. (unit: km?)
Total area Agricultural land City  Forest
Seoul 606 35 415 156
Busan 758 129 260 370
Dagjeon 540 90 155 295
Daegu 886 161 238 487

Ad, 1l Sz AEg stz st ol dFellA
t 4 AHe EAlel4xE & 29 o) Ay
or (FYRA T, 2005), ALL £o] S
ALE Aog aAd= FEIA 7 2Aelg H A
Awisle] Mg A4 A3

3. ¥n o 1E

3.1 2HEH &
AR dEde) 320 3 A we F=He

28 13 24 80, 3= Wds A9 odske
2 AL ¥ v=E Ho|x glon, 1¥4] FHuys
= 84ppb 183 94€e A= 22 ppbE Veh)
siek W2 SO, FEE oI5 B2 g vehl

ou, = 799 17.6 ug/m’elt}. Sulfates}
94E] NO, gt B4 £33 487 7lede @
2 FEE Hojm glon, HIFx 349 6.7
ug/m®, A% 942 0.6 ug/m’o|c}. HNO;9) A
+ Agst 2k AGelN 4,8, 108 Axee] 2H
4% 23 M& HF 084ppb, 12|m FARS
0.38 ppb2} F=E Rt A gRYel: HH
¥ Fohg AM-Ete] A3 st en, aepa AF Fol
ALAA R AR Do zRE ILE FolM A
A= NO, 2} NH,* o)) &3 2317} dAyshA 9o}
a8y oyl AFeME 2F SN A
NO; ¢} NH,* & B&hsta 7|4 28l Hish g
Q7] f8 o|&L FE3hd AR (HIAA F
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Fig. 2. Diurnal variation of hourly averaged deposition
velocity.

A FE AREEE NE7ARELE NN 2
MY 7NAAR A E Lo, 71
200513 49 1593 249713 B2 PM,s W53
N7 9 dE AAse EAEGT WAz
Sotel e dFe] Aoz olel2F, HNO,,
SO EF 2% 1X6A 3418 Aoz & A
H&2E fA R AFE Relx - S04 AA
45 Axd e 4 S8, L= AE)
s ApgstEz I wHsbAdke] qeFstAl v
v Aez Az gl (Peters ef al., 2002).

23 3¢l 2005 14RE 109742 7 29
7|4A RS F8sled SO, HNO;, 133 oojzZ
A&z A dFFRE el e, 7 B2
off Thgk 2005 (1~ 10%9) B3-S = 40 AstA

£ AFEE SO=
o Hn4&EE Beol HPH HNO;:= #3e

207 DAeEA A 22W A4

SO, (cm/s)
\\
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s/

Aerosol (cm/s)

0.10 |

0.05 L ) s 1 L !

12{
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Fig. 3. Monthly variation of dry deposition velocities in-
volving SO,, HNO, and aerosol (January through
October 2005).
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2 At on, ofo wet ¥4 A 4 F



20059 =AAGe] DA AR JF AT 483
Table 3. Input resistances for computations of surface resistance.
Resistance
Season
Rpin Ry Rqc RgsS RgsO Rgs Rio
Agriculture 120 4000 50 150 150 4000 1000
Spring City 9999 9999 100 500 300 9999 9999
Forest 190 3000 1500 200 300 3000 700
Agriculture 60 2000 200 150 150 2000 1000
Summer City 9999 9999 100 400 300 9999 9999
Forest 100 2000 2000 100 100 2000 1000
Agriculture 120 4000 50 150 150 4000 1000
Autumn City 9999 9999 100 500 300 9999 9999
Forest 190 3000 1500 200 300 3000 700
Wi Agriculture 240 9999 10 150 150 9999 1000
(I‘l'(‘:z; owy  City 9999 9999 100 400 300 9999 9999
Forest 500 8000 1500 200 300 6000 600

*9999 indicate that there is no air-surface exchange via that resistance pathway

Table 4. Arithmetic means and the range of dry deposition velocity for sampling period (January through October

2005). (unit: cm/s)
Seoul Busan Daejeon Daegu
Species Avg.
Mean+S.D.  Range Mean+S.D.  Range Mean+S.D. Range Mean+S.D. Range
SO, 0.31£0.16 0.17~1.34  0.53£0.53 0.16~3.57 042+0.26 0.17~2.32  0.39x+0.23 0.16~2.31 04
HNO, 5.14+170 149~1107 5054204 095~1480 3.15+1.40 1.13~1089 3.99%1.57 1.07~10.05 43
Aerosol  0.12+0.02 0.03~0.17  0.16£0.04 0.05~0.25 0.13+0.05 0.03~0.25 0.16£0.05 0.03~0.29 0.1

4re] HNO;9| HH4=g AR F Ax=Z 2Hg
A et ol °H-f—— HNO;= SO,8} & Al
HIE Holx glom (Z1A9g %, 2003; Puxbaum
and Gregori, 1998), djo] 222 nju)gt AAwsls
Ve gk

20054 AA =P SO, JF A-Lw: 04
cm/sec, HNO;2] 7-¢- 4.3 cm/sec, 18] 11 ofj ]2 Z2)
BT FAE=T 0.1 cm/sec, 0|4k 73‘—‘% Ak
Aol A&} e Aolo] wla) A
AeE s o130 tﬂ £
2 8 =AA G ole AYAA4EE VYD
A3} (Vy=0.59 emis) R ueh on]a&ow SES
e 458 BolE Ao aagden, o Y
wshz s B AT uige] 0% 4P A
o2 Zehslgc) Brook ef al. (1999)0) W= 1996
d T)aERAde] YT PA4ES AN A,
SO,+= 0.2~3.0 cm/sec, HNO;+= 0.5~6.0 cm/sec, L
21 SO = 0.05~1.5cm/sec?] WS Jelgle
™, 2004 Clingmans Dome (Great smoky mountains

national park, USA)el|A AAAADES F=3 A3}
S0,9 AAE=E= FHF 0.4 cm/sec, HNO;= 3.0
cm/sec, ol 9] 222 0.15 cm/sec 2. Ve T) (USEPA,
2005). ol2iq QHEE T ATl el Aol
7} EAEARE o dA7-Ae} wmE w, SO,¢
delzzel Ay 2D £F) AU&EE wolx
em, HNO2| 79 oz w2 3& Jepiz 9l
o} o) ellA odFSk 2 HNO,;9 A& A&
A ool AR LTIl ZE sdel sle
™, o] & AFollA oo dgt ATFyAle] Mbe] I
88 Heoz Atgdd

2.2 AYEXN

3717t & AAA A AHF A AL
]— 4mg/m? - day, HNO;:= 5.4 mg/m? - day, ¢
W%a % SO/ 7} 1.0 mg/m? - day, NH,*7} 0.4
mg/m? - day, NO; 7} 0.4 mg/m? - day2 vJelgde} 4]
A4 2ol o SO,/79 HFAHAHFL SO0 W)
3 vl AL $EE Bl glon, o 7|29

=13 A|_|-X-{ 2 "II.

_\1)1'
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Fig. 4. Variation of monthly averaged wet and dry sulfur and nitrogen deposition for the sites-January through
October 2005 (NH;, NO,, PAN and organic S, N deposition were not measured).

Table 5. Wet and dry sulfur and nitrogen deposition for the sites (January through October 2005). (unit: g/m?)
Seoul Busan Daejeon Daegu
Sulfur 1.7 2.5 1.9 1.5
-wet SO, 1.25 (73)* 1.26 (50) 1.24 (64) 0.77 (52)
-dry SO 0.1 (6) 0.12 (5) 0.13 (7) 0.07 (5)
-dry SO, 0.35 21) 1.14 (45) 0.56 (29) 0.65 (43)
Nitrogen 2.1 1.9 1.6 1.0
-wet NO;~ 0.56 (27) 0.6 (3D 0.53 (33) 0.34 (34)
-wet NH,* 0.68 (33) 0.89 (46) 0.75 (46) 0.38 (38)
-dry HNO, 0.7 (35 0.33 (17) 02 (12) 0.22 (22)
-dry NO;~ 0.03 (1) 0.03 (1) 0.03 (2) 0.0t (1)
-dry NH,* 0.09 (4) 0.1 0.11 (7) 0.05 (5)

*number in parenthesis shows percent of the nitrogen and sulfur deposition measured in this study.

FHEFHE dx]sl= A3} o)e} (Puxbaum and Gregori,

1998). o-& A4A7 FAHE NH,", NO; o o
HNO;®| H[-&2 152 A3 52 AXES BHeolu

At

a9 4% 7 Age) SO ¢ AR $AIAF(F
2773, 2005)3 gellA 8 SO, % SO, 7l
A&t ztzhe} HAAA g (dry-S0,, dry-SO,” )&
Sulfurz $Akste] 20050 19%E) 109717 9E=
v)waed vehd Zo|o}. s el 3t AAH Ak
BARAAFL A A7 v|Fe] A vl w2
Aoz Uehton] €3] 7}ost g S22 1
o)z} FA3] F7FsRe A& o 4 Ao Sulfates]
2)5}t AL Yr)E 3}l ke vlAsIA 2
Agol ¥ AMFE Bolm Jlow, SO,¢ A
sulfateel] ®)sl] 2 W3lrlb FE=sisiAE okAqt 4]

A5/ BARNA A2 A4

itlo

ARsxg MR gEd bt A
Holx Qlew, drAlgstel Zlshe A2A IA
¥o AA%e ephodnh £3 NO,, NH, o] 93
$4%88% 9ol 3 NO,, HNO,, NH, ol o
gk Zbzre] AAF AL Nitrogeno s 3HAsled 1
% 40 vehhlch Sulfure] HSsh bz 4
Qo % wlZel ARl Hle) ¥ Aoz vehd
ov, 3] 7397t AT SF-A 2 2oy}t FA3
Z7h5e A& o 4 ok Niaes] 93 A4 24
W% s v B e A
g 2ol 3 glon, ammonias] F4 A o FHe
Mol F7bshe AL %—r&’l‘:}

® 5t 3 ARl dF AA Ykt 7
=S YEE2 BAIF Hlo|u}. Fake] 7
of Agt FAAF} 25gm’2 AAH F
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AN 71 B2 g Relx gleom, o] vt
o FEA Gl FA-Fe] AL el 3l
= Park er al. (2000)2] Aztelxe A3} shalghs
& oz (S) YA $AAHEFS SO 8
3} (Sulfur)e] 3= 3F(SulfunFA%g F 7P £ H|FE
Ak Aoz vehder 1 5§ olo] k24 SO,
2] 3} (Sulfur), AAAARE SO ¢ ZF(Sulfun)Eoz
Yehtor o] m oA AN Adstw {Als)
o} (USEPA, 2004). 12v}, 244 B2 A
wet-NH, " 2] A4 (Nitrogen)7} A}A|8l= H]Fo] 7}
Z Aoz vJel} USEPA (2004)2] Wet-NO,; 2}
Zke]lE Bolx girt ol Hellr FA3 HNO,
AR & wrt o2 B2} vas & AE
Bl Az FAEY ofF g AHel 9iF A
717ke] Ax4= 9 AA ol A A7+ T3 B
ko & Aoz Algdrh

offl QoM AA Xl HF M Eo]
A= HFH] 8-S 3 (Sulfur)a} A 4 (Nitrogen) A
ol wsl Z+zt 40% 2} 28%2 e v} CASTNet
(Clean Air Status and Trends Network, EPA)oj| A+
1991358 2000:3744] vl E-5A| A8 AP &
23 2%, A4 A%e] 2AaRAYe AT
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