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Abstract

The annulor denuder system (ADS) was used to determine characlerislics of acidic air pollutants and PM; s
species in Seoul-metropolitan areas. All measurements were done simultancously in downtown (Kwanghwamun,
Mullae, Chamshii, Ssangmun dongs) and outskirts (Puch n, Kuri cities) during four seasens. The samples were
analyzed using ion chromatography for gas—phase maltters {(HCI, HNG:, HNOs and 80%) and particulate phase
matters {CI-, NO2-, NO5~, 80,2, Nat, NH;~ and Ca?*) and was measurced fine particles (PM-s). The seasonal mean
concentrations of HCl, HNO., HNO; and 50: in downtown and outskirt areas were very similar. All chemical
species monitored from Lhis study showed seasonal variations. Nitre acid (HNOs) and Nitrous acid (HNO:) were
showed higher concentrations during the summer. PMas, SO42, NHy*, NOs~ and C1- in the particulate phase
matters were higher levels during the winter months. The concentrations of these components were 54.8, 3.82, 2.49,
1.80 and 1.02 ug/m?, respectively.

Key words : ADS. acidic air pollutants, PM; 5. Seoul ~metropolitan areas. seasonal variation
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Fig. 1. Sampling Sites.
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Table 1. The results of ADS perfarmance.
{unils : ng/m?

Date Stage NO. HC! HNO: HNO; 50
1 Stage 0.24 020 038 241

/1 2 Slages 0.18 048 0.30 254

3 Slages 0.17 .49 0.31 2.54

L Stage 013 {08 018 01l

6/0 2 Stapes 015 a1e 013 008

3 Slages 0.13 a1l 0.15 0.09

| Stage 0.24 0.62 049 1.84

6/8 2 Stages 0.24 0.67 046 1.69

3 Stages 036 a7l 046 1644

1 Stage 026 aor 1.0l 044

6/9 2 Stages 0.41 024 .79 0.43

3 Stages 0.39 azl 0.63 (.43

1 Stage a.17 iz 081 0.63

6/10 2 Stages 037 az1 0.81 0,70
3 Stages 0.43 0.22 0.60 0.68

| Stage 0.34 0.15 L1l 142

6411 2 Stages 0.51 0.38 .25 1,76
3 Stages 06l 0.44 118 178

I Stage 022 0.20 113 0 6o

G112 2 Stages 049 042 096 087
3 Stages 0.54 043 086 0.78
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Fig. 2. Schematic diagram of denuder performance.
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Fig. 3. Seasonal distribution of acid pollutants and ion species in each area.

Table 2. Summary of data.

Downtown Cone, (pgfm*) Qultskirt Cone, (LLg/m?)
Season Species
Mean, sD¢ Range N® Mean SD° Range N
HCI 135 0.34 032~3.32 32 1 46 0.72 0.46~—4.43 16
HNOG- 235 1.19 0.68~548 32 2.99 1.34 1407 ~6.06 le
Winte: HNGy 070 0.24 0.16~1.53 32 0.77 0.33 025~1.44 16
80: 14.2 8.36 302~d4 5 32 17.4 11.1 a30~38.5 16
PM, s 434 141 68~727 23 66.2 16.8 314~149.0 12
HC1L 1.54 099 Q27~123 56 1.76 0.99 034-~6.21 27
HNO, 3.38 118 0A6~101 57 381 0.58 1 08 ~8.84 28
Spring HNO; 135 {088 0.15~16.1 57 0.66 017 0.21~1.71 28
§0; 19.7 6.79 0.07--85.0 38 14.7 4.70 2.67~36.5 a8
PM; s 36.7 30.7 4.7~65.1 24 337 156 15.4~03.8 13
HCl 1.82 0.58 0.20~6.64 39 223 042 0.10~8.63 30
HMNO; 417 100 038~11.8 39 230 73 0.40-~8.36 30
Summer HNO, 1.80 0.57 019656 39 2.20 0.41 0.09~8.53 30
S0: 7.61 202 0.55~25.6 39 365 1.99 0.71~234 30
PM: s 16.1 3.6 6.0~30.8 24 16.8 4.1 73~325 14
HCL 1.99 1.65 0.19~14.3 36 2.00 2.26 0.23~13.2 21
HNO, 170 1.50 0.50~13.1 36 3.49 0oz 0.83~11.6 25
Fall HNQO, 048 0.20 0.06~2.07 36 0.96 0.66 0.16~4 6l 26
50, 13.8 5.36 2329~62.5 54 154 3.83 632~327 26
PMas 26.9 6.6 147~350.2 2a 37.6 122 16.9~74.7 14
HCI 1.69 1.01 0.19~14.3 203 1 88 1.27 0.10~-132 21
HNO; 3.48 1.30 038~13.1 204 315 1.04 0.40~11.6 235
All HNO; L1G 0.75 0.06~16.1 204 1.14 076 009~8.353 26
S0, 13.8 716 0.55~-85.9 205 126 7.64 0.30--38.5 26
PM s 26.9 12.5 4.7~727 a7 37.6 214 7.3~14.9 14

@ Standard deviation
b Numbers of samples
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< HNOy > <HNO;>
NO,+0H - — HNO, (N NO+0H - — HONO {f)
NO:+0; — NO; - +0; 2 NO+NO:+H.0 — 2HONO (7
NO+-NQ; - — NaOs {3) INO:+H,0O — HONO+HNO; (%
NoOs+H:0 — ZHNO, {4 HONO--NHy — NHNO, (9
HNO;+NH; — NH3NOy (3)
Table 4. Concentrations of day and night.
Day Conc. {pg/m*) MNight Cone. (ug/m?)
Season Species
Mean kiny Range Mean iy Range
HC1 1.41 0.54 0.86~3.32 - - -
Wanter HNO, 257 140 0.89~5 48 - - -
et HNO; 0.74 0.27 045-1.53 - - -
SO, 15.0 10.7 302~443 - - -
HCl 1.88 1.78 0.38~8.85 0.2 0,36 0.27~1.39
Sorine HNO, 2.48 1.85 0.46~9.77 2.21 2.60 1.64~ 10 1
pring HNO; 1.02 314 0.35~16.0 0.28 0.40 0.15~182
S0, 174 13.6 237~683 11.2 14.5 .97 ~544
HCl 2.45 1.53 0.62~6.64 0.41 0.51 020~234
Summer HNG, 4.08 339 1.06~11.8 1.99 257 038~103
HNO, 245 1.51 0.62~6.56 040 .51 0.19~231
S0. 6.87 731 0.89~235.6 6.02 7.15 0.55~221
HCl 219 298 0.46~14.2 042 0.55 0.19~213
Fall HNO, 2.18 199 N.350~972 2,10 262 1.08~9.27
HNO. 054 0.25 0.16~1.11 0,08 014 0.06~0.75
SO: 11.6 943 229375 7.11 12.7 3.96~625

» Standard deviation
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Table 5. Summary of lon concentration. {umt. ug/m?)

Season  Species Mean SD* Range
5042 382 1.90 1.37--7.99
Wanler NH. T 249 131 0.55 ~4.51
NQOs- 180 1.77 0.00~305
Cl- 1.01 055 0.42~2,05
S0 1.53 083 0an~3.07
Sprin NH,* 0.94 062 01~196
P NOv 115 080 029~2.54
Cl- 018 0.5 0.03~0.57
S04 059 023 0.24~-0.97
Summer NH,~ 0.29 018 0O5~0.78
NOy~ 0.39 0.41 C17~1.78
Cl- 005 0.03 0.02~0.14
50> 178 0.91 0.67~3.53
Fall NiL* 0.64 031 0.27-1.14
NOs~ 092 0.52 0.37~1.94
Cl- 035 0.18 0.09~0.71
< Standad deviation
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