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Abstract

Ambient concentrations of gaseous, particulate phase ionic species. and VOCs (volatile organic compounds)
were measured at two monitoring sites in the City of Ulsan during August 1997: one in industrial area and the other
in downtown area. At each site, a three-stage filter pack sampler was used to collect fine particles and gaseous
species, and air for VOC analysis was collected in stainless steel canisters. Concentrations of the ionic species at
both sites were similar to each other. The VOC concentrations at the industrial site were approximately twice
higher than those at the downtown site. This might be mainly due to the release of VOCs from the petrochemical
industries. Daily variations of VOC concentrations at the industrial site were higher than that at the downtown site.
This might be explained by the fact that emissions from industries were more irregular than those in downtown.
The VOC concentrations in downtown were affected by both the local emissions and the emission from the
petrochemical industries. The concentrations of selected hazardous organic components (HAPs) at the industrial site
were similar to those of Yocheon industrial area but slightly higher than other cites and industrial areas, while those

at the downtown site were comparable to those in other urban areas.
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Fig. 1. Location of the measurement sites in the city
of Ulsan.
(A : Hamwall elementary school; B : Seonam clemen-
tary school; C : Meteorological observation station; D
. Petrochemical complex)
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Table 1. Daily mean meteorological data during the measurement period of August 1997 in Ulsan.

Date  Temperature (°C) Relative humidity (%) Wind speed (m/s) Most frequent wind direction (%)  Precipitation (mm)
3 18.8 72 4.3 SE(17)  SSW(13) WNW (13) 0.0
: 19.0 77 4.2 NW (34) NNE (13 0.0
5 17.9 85 32 NNW (26) N (21) 1.8
6 18.0 84 6.0 E(28) NW(19) 0.0
7 18.6 82 4.4 SE (21) ESE (17) SW(I7Ty NwU7) 0.0
8 18.9 91 3.9 ENE (20) WNW (15) 25.2
9 20.0 88 45  SW(I3)SSE(13) NE (13) NNW (13) 0.0

10 228 70 4.0 NW (33) N (12) 0.0
11 23.0 64 4.7 NW 17y SSE(13) 0.0
12 224 71 4.7 SW (15)  SSW (15) NNW (15) 0.0
13 21.7 76 34 NNW (30) S22 0.0
14 219 73 4.7 SE (33) SSE(14)  NW (14) 0.0
15 212 78 S.1 E(18) 0.0

SE (22)
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Table 2. Concentrations of aerosols measured in Ulsan and other sites. (unit : ug/me)
This study Yocheon Seoul
Downtown area Industrial area Y" Y2 o S¥ S
Range Avg® Range Avg Range Range Avg Range Avg Range Avg

Cl- <(0.1~283 025 (0.1~025 004 <0.1~345
NO:~ 0.34~7.80 3.10 039~620 230 0.37~7.80
SO2 393~12.63 833 3.22~1535 9.08 120~2582
F <0.1  NA® 0.1 NA (0.1~0.27
Na* 0.01~047 0.18 <0.1~0.62 032 0.01~238
Ca» 0.01~021 0.1 0.04~0.36 015 {0.1~3.56

Mg 0.01~0.04 003 0.01~0.05 003 001~033
K+ 0.07~043 024 0.07~064 026 0.04~499
NHs 1.39~581 315 1.23~6.25 327 035~7.32

Mass
Conc.

(0.1~0.84 0.14 <0.1~084 1.10 (0.1~0.84 0.15
028~6.67 232 028~667 092 028~6.67 1.78
1.72~16.60 6.15 1.72~16.60 2.17 1.72~16.60 6.79

CO.1 €01~0.19 (0.1 CO.1 NA 0.1 NA
0.53
0.25
0.07
0.50

0.14~1.04 042
0.02~094 0.19
0.01~0.12  0.03
0.04~056 0.24
0.80~7.77 291

0.14~1.04 023 0.14~1.04 0.05
0.02~0.94 024 0.02~094 0.18
0.01~0.12 006 001~0.12 0.04
0.04~056 0.18 0.04~056 0.13
0.85~179 1.16 191~363 272

14.40~60.19 34.84 17.95~67.43 38.60 11.18~57.43 27.50 11.66~51.10 28.82 26.29~ 83.33 45.80 16.07~57.73 38.53

b Sampling sites : 9 industrial locations in Yocheon, Total samples : 45, Sumpling period : 1996, 11 to 1997. 3. three days in a raw
3 Sampling site : an industrial location in Yocheon, Total samples : 21, Sampling period : 1996. 11 to 1997. 3, every 6 day
B4 Moon et al. (1997), S1 : clear day, S2 : clear day with slight smog:  Arithmetic average: ® NA : Not applicable
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Table 3. Concentrations of gaseous species measured in Ulsan. (unit @ pg/mé)
This study Yocheon
Downtown area Industrial area YV Y
Range Average? Range Avuag_ Range A\ erage Range Average
HCI 0.17~0.95 0.62 0.15~1.65 0.89 C0.1~341 () 73 CO1~1.32 0.69
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NH; 4.49~13.70 8.93 2.23~7.45 6.21 NM® NM NM NM
'" Sampling sites : 9 industrial locations in Yocheon: Total samples : 45: Sampling period : 1996. 11 to 1997, 3, three days in a raw
** Sampling site : an industrial location in Yocheon. Total samples : 21, Sampling period : 1996. [ to 1997, 3, every 6 day
 Arithmetic average: * NA : Not applicable; ¥ NM : Not measured
Table 4. Concentration of total hydrocarbons groups measured in Ulsan. (unit : ppbC)
97-06-03 97-06-04 97-06-05 ‘ 97-06-06 97— 06 07 Average'!
D> & D 1 D I D I D 1 D I
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C,-Cy Total VOCs| 307.15  577.65 | 201.69 622.09 | 209.22  329.55 } 81.68 181.86 | 27445 527.00 | 181.86 447.63

Y Artthmetic average; ** A downtown area; » An industrial area
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BT WA A FE A9 A AeHA
Ao M A2 w 2=z 1989;
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oM HF F=E AR, FE 2o
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Table 5. Concentrations of selected C,-Cs hydrocarbons measured in Ulsan. (unit : ppb)
This study
Date 97-06-03  97-06-04  97-06-05 97-06-06  97-06-07
Downtown area ‘ Industrial area
Locations ’ '
. DI\ 2) ) ‘ ) . O Al P ¥,

Species T ! L [ I D I D I Range Avg Range Avg
Ethane 1.88 8.18 (.97 986 1.60 3.06 (J 96 2.84 240 471(097~240 156 |2.84~986 5.73
Propanc 6.85 1410 3.04 993 553 742 277 489 6.60 11.07[2.77~685 496 [489~14.10 948
n-Butane | 5.65 926 297 836 247 583 183 255 464 12.63|1.83~565 3.51 [255~12.63 7.73

Alkane|i-Butanc | 3.49 436 1.19 236 349 229 08 1.24 194 317:0.86~349 173 1.24~436 2.68
n-Pentane| 2.13 536 098 6.61 170 235 032 083 235 833 032~235 150 [0.83~833 470
i-Pentanc| 3.29 440 141 527 210 245 064 092 265 6.12{0.64~329 202 [092~6.12 3.83
n-Hexane{ 1.32 5.64 1.02 418 1.13 229 050 062 1.68 492|050~1.68 1.13 [0.62~564 3.53

Alkene Ethylene [11.02 31.39 695 81.97 3.13 864 236 3.13 11.14 20091236~11.14 6.92 |3.13~81.97 29.04
Propylenc | 2.22 2447 1.77 1513 2111 352 0.63 097 366 1425,063~3.66 2.08 [0.97~2447 11.67

Alkyne Acetylenc | 2.36 264 1.84 288 1.93 282 129 312 197 200 1.29~236 1.88 200~3.12 269

y Propyne 0.12 0.05 0.03 0.05 009 BDL” BDL BDL 0.9 002:BDL~0.12 0.07 BDL~0.05 002

" A downtown area located in Ulsan; 2 An industrial area located in Usan: © Arithmetic average: + BDL: Below detection limit

Table 6. Concentrations of the 10 abundant spemes measured in Ulsan. (unit = ppb)

Downtown area Industrial area
Five 24-hr samples Five 24-hr samples
1997.6.3 ~ 6.7 1997.6.3 ~ 6.7
Species Range Avcrzlgc Sud (ILV Species Range Average Sld dev
Ethylene 236 ~ 11.14 6.92 4.!8 Ethylene 313 ~ 81.97 29.09 31.53
Propane 2.77 ~ 6.85 4.96 1.94 Propylene 0.97 ~ 24.46 11.67 9.53
Toluene 0.63 ~ 491 3.85 1.81 Propane 4.89 ~ 14.10 9.48 3.51
n-Butane 1.18 ~ 5.65 3.51 1.88 n-Butane 255 ~ 12,63 7.73 3.78
Propylene 0.63 ~ 3.66 2.08 1.09 Ethane 2.84 ~ 9.86 5.73 315
i~ Pentane 0.64 ~ 3.29 2.02 1.04 n -Pentane 0.83 ~ 8.33 4.70 3.07
Acetylene 1.29 ~ 2.36 1.88 0.38 Vinylchloride 1.95 ~ 5.96 4.03 1.82
i-Butane 0.86 ~ 3.49 1.73 1.06 Toluene 3.08 ~ 5.37 3.87 0.93
Ethane 0.96 ~ 2.40 1.56 0.62 i—Pentanc 0.92 ~ 6.12 3.83 2.12
n-Pentane 0.32 ~ 2.35 1.50 (.84 n- Hexane 0.62 ~ 5.64 3.53 2.05
Adsh gk Ao Bl = A A ppb, zzgdl 109pphe} st U FE WA
waah s 3R AdelM 59z 24T ¥ 7} At ARdez 9¥ vE HAE TeE A¥
F B Bwh P w9 10e) ARES B 6 A4S =7 debdern] gore] Ame walch

o Qo3 o] 712 FRtl| Al Fas HFEHE JEEe] oy

Ftell M= ofl"alle] 29.09ppbE Fw7}l 7hA Fx H3TF F& A i et
e *°+°l°4°m] 952 2294 11.67ppb, = & 2Al ARG AgR 55 dgr) of
2.3 9.48 ppb T/\ig_ okl AWl M= i 7+ 400 Boh(SAMEA DY, 1997; 37 R 1996). 2Rt
ol d&laA 2] w7} 6.92ppbR 7P wtom, g F ML A AW ES AR} el &) I3k
2 xZ=23 496ppb, EF4 3.85ppb MR Eobvh we] WbY] wj Rl o"al, zegdal 123 ofME
SFE AREe] vw 2F #HWAE By Fodeld wle) ke dfmA ApEA el Evbs AR vx
= oﬂ%_lal o] 31.53pph, T2l 9.53pph, T2¥ = xLo] A} AWuY vty B 4 9u) g
351 ppbE Al A 2] o|elal 4.18ppb, E 2 1.94 v A Ao o=l ()(Pppb 23 2.08ppb
g 7| B sk R] A 14 W Al 4 3
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9] i 199749 89 AMolir FAT 24702 A
22 943 oi”gw 401ppbat ==2d [.14ppb
%59} wlarsle] Foh WEE 10 98 vlws] »

H Mg "ol 39], madd 1093

°*P A= oldal 18], Zzg 5918 Ak A
7] FellA] o] FARSY = v]F2 AEgHg ¥
orch oleldh UL FitelAl wiEd o™lals
zZzgyle] 7] FellA B3l Aol
e FU7] WEez Hbsg.
ko] wiEdE AARH w4le] A, 5
9 A7)} x]ode] FHAlE LPG (Liguefied Petroleum
Gas)7} 32 W&ol o)slo] A5 A&, A%
A w27, £A7A So] Ak (FRAL . 1998).
Bl A el F wiEelnd M43
& gRAME A% H2HE Aoz Jed s
(Wadden and Scheff, 1994; Aronian et al., 1989;
Wadden et al., 1986). Z2%e] 5 Fgho] 9.48
pobat A19] 496 pph et kel $2 A9 3

S, A5 Bl A5 2 A7 A s wl
Tole] Agels B Aol zzpsl yo)
A A5 A AaRA TES AR 23
o) Qepoz ARAT. meHe 64 A9 AEA
& LPGe| Z3ue] alxl 9h7] ol (
1997), Al s maghel Fo WEQe T8 47}
2|29} #AE LPGR H.elv)

Bedel Fo RERS g4 P A w2
7k2s, A rEbst A A 5AA 33 ol (Aronian
et al., 1989; Wadden et al., 1986). o] A2 H7 =

o] F&

s) 5'_7]_/\

=% ¥ 3.87ppb, Al 3.85ppbz w]&=EF Fo]
gt 2y Aol M 3HRl 2 pow, Fukel
AR Fof BFAL AWy} Fond o7
Zo|M 2] F= H|Fo] & Aoz Hd Fit A
g2 AlEe 2AFA Bl 79 9 v )
7] wigel B gt 44 Y &R
G A °i‘r§} FTHLG A 3 5 FE F
ok w Eell A F2 o EE Aoz nelg
deuld-E Mfskst FAelA PVC (Poly Vinyl
Chloride)®] 182 AH4-3c} o] AE3} e A2
%7

EAAME A HEHAA gAY 3 vrz &
BAE e Ayole. 3
4.03 ppb, A]W] 0.70 ppb

s, Tt X el M w2
wt
o Aot mE s 10

i
sl W sEE 3
L
5]

ojwi, :emtd Ak} g7

of glzpad Z1AA BAle] 544 ol AR LA fU1HEES] = 289
Qo] zslel 2l Aoz Mot AMEEE F
ATl e WEE AAsE Arow W
Ak o) Hzroz wAe) HuA AFEH
W% el bR AWeld Tm 10 4%
of EFFo} oA FRlME EgH o] oA o
e oz wol o] HEEe Foud AW W7 %

N

A3t Bakeae S AA2A el Sas
£3], w2 oAl o] 2ol
W=t ohjzh(WHO,
H4& F3147) = (Harley
and Cass, 1990) 5 3733} <dA2] F 7}x] wHolA
T4l o] wiate] Ei= Adeluh 2 gdFolr] BAx]
qa Ahed i R 8 A AN el
gl HAHEted. g9 P =L 1L3-FEleC, o
gl S abel =, gl 3ud, o ”lal o] 8-Abo] =, A}4] 3}

ghax Al A 2 vhehg gle (Seiber, 1996).

2 72 ZH® B A F 98d ¥ (Hae
zardous Air Pollutants : HAPs)2] w8 Q°F3l 7
ojth ol HFT A AaE 19961 11HHE 1997
d 39717 6d 7HH oz 2417 EAEle] dgle
w, A AR 19974 8o oM, A 1w
Ao thire] 2408 Egste] B & 247)9)
A8E Aks Had ghelt)

=
2 FE SA7E WAL B mip-Addes
2 293} v)msle] Fx £l glela] o)t
At ek E&E}—’F o TEE Il AvEd
¥ ¥
)
3

o}r ri.

A5 AEUS depslel s Aer Fu
[~}

LEH, u] Abell 2 (fugitive emis-
son)¥1 e} (Schaich, 1991), Ztell A wiAo] s xi=
2.08ppbE 13 %} 2.10ppb, A& 1.11ppbs} M
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Table 7. Concentrations of hazadous air pollutants measured in Uisan and other area. (unit : ppb)
_ This S‘FE“Y o J An industrial
Downtown area Industrial area  location Seoul"
Range Average Range Average in Yocheon
n-Hexane 0.50~1.68 1.13 0.62 ~5.64 3.53 4.14 0.79
2.2,4-Trimethylpentane BDL>~0.16 0.10 0.10~0.28 0.18 BDL BDL
1, 3-Butadienc 0.05~0.28 AN 0.09~4.13 118 2.00 BDL
Benzene 0.08 ~ 1.66 1.08 1.06~ 3.09 2.08 2,10 1.11
Toluene 0.63~4.91 3.85 3.08~5.37 3.87 2.04 5.20
Ethylbenzene 0.04~0.94 0.68 0.61 ~1.20 (1.86 0.30 0.60
m- & p—Xylene 0.06~2.87 2.31 1.87~5.70 3.80 0.66 1.29
o-Xylene 0.12~1.18 0.88 0.70~1.71 1.14 1.37 0.58
Styrene BDL ~0.59 0.29 0.33~1.36 0.78 1.00 0.43
Vinyl-Chloride BDL~1.82 0.70 1.95~5.96 4.03 3.01 BDL
1, 2-Dichloroehtane BDL~ 1.87 (.86 BDL ~4.34 2.08 0.38 BDL
Methylene chloride 0.16 ~1.24 0.78 0.35~0.87 0.62 0.15 0.25
Tetrachloroethylene BDL BDL BDIL. BDL BDL BDL
Chloroform 0.39~1.94 1.05 0.18~0.32 0.23 BDL 0.10
I, I, 1-Trichloroethane 0.16~0.52 0.33 0.24~0.44 0.36 0.18 ;032
Carbon tetrachloride 0.13~0.26 0.19 0.14~0.26 0.20 0.12 L0101
Trichloroethylene BDL~0.31 0.19 0.63~0.97 0.77 BDL 0.20
1 Seoul : Na and Kim (1997); > BDL : Below detection limit
* Except Scoul, all data are based on 24-hr sampling ; Seoul : 2 -hr averaged concentraton (morning, afternoon, evening)
afo} ofzt FAVE W|Sq Siolch AWM =gl % B s Aol BEH - How
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