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A Study on Airborne Concentrations of SO,, TSP
and Air Quality Standards of a Subway Stations

Seong Cheon Kim

Department of Environment, Kyunghee University
ABSTRACT

The airborne concentrations of Sulfur Dioxide and Total Suspended Particulates were investigated
in 4 subway lines in Seoul at early summer, 1990 and early summer, 1991.

The results of the study were as follows :

1. The airborne concentrations of SO, and TSP were 0.022 ppm, 445.7 ug/m* respectively. And
percents of over annual air quality standard of WHO was that SO, and TSP were 41.7%,
100% respectively.

2. Airborne SO, concentrations by subway lines were that line 1 was 0.025 ppm, line 2 was
0.023 ppm. line 3 was 0.020 ppm, and line 4 was 0.017 ppm. And TSP concentrations by subway
lines were that line 2 was 533.8 ug/m", line 1 was 516.5 ug/m® line 4 was 371.6 ug/m’ and
line 3 was 369.3 ug/m?

3. Annual variation of concentration of TSP was not significant statistically (t=:0.327), and that
of SO, in 1990 was slightly higher than that in 1991 (t=1433, p<0.1).

4. Coefficients of correlation between TSP and SO, by years were that early summer, 1990
was r=—0.277 (p>0.1), and early summer, 1991 was r=0.32 (p>0.1).

Keywords : Sulfur dioxide, total suspended particulates, air quality standards, cumulative distribu-
tion, pararosaniline method.
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ZF7h8kaL 7)ol vlropxd o8k &
A Fdw 7];—‘1 o] Z7hgbche Harvl gl
aejar o 7] Fe| RfEAe 7]4] Aol A el A
oA AY A7 5 Al “ollo] £E(aerosol)”
2 Aeolxle] Avf, Fried ey 2l 7 (aerodynamic
diameter)e] 0.001~500 um H$19] FHGix2
iz} 25~5umHEt} 28 vl 4ql2Kfine particle)2}
L o) Ake)l Y] 2Hcoarse particle)® vRrFo] R
-3 H-¥(binomial distribution)¥ H.qlck! )9l
Az Eokolut g 7t xbedd wbagRl(natural
source)oll o3 7o) dif-tojar, ulAgite &ha
adse] ol4, 25k wizivba 5 sekEAle) )
233 59 alglA ubal 2i(anthropogenic source)
off elgk Vb olgFabrbsnt FEAL 7] EN3ME
%ol &3} #(condensation process) S Hx 7}~
Aol 4] gl =k o M EbEl(gas-to-particle  conver-
sion) 2%, 2% 14l 9] 90~99% ol wFali=
2 Bl LY gk oAl £5 A4
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Table 1. Comparison of four air quality standards on

S0, and TSP
Pollutants  Classification Korea U.S.A. Japan WHO
S0, Annual Mean 005 0.03 0.022
(ppm °]5h) 24 hr. Mean 0.15* 0.14  0.04 0.056
3 hr. Mean 0.50
1 hr. Mean 0.10
TSP Annual Mean 150  50* 90
(ug/m*°l8h 24 hr. Mean 300 150* 100 230
1 hr. Mean 200

* W17k 35) o)y Eabshalis ary)

1

W7l okeizl iAol sy F7] Fo
AL A S AR Mol deyad
F5 @bt aked ] gluh B Ao ikl SO,
9} TSPI-_ [H A wa_" _‘ta‘ 6}_|__ o] KRR DH AE ;Lo

7] 8}:37HGeometric Mean, GM)¥} AF¥12 24
7]3}};-3_‘— # 2H(Geometric Standard Deviation,
GSDYE 447 “Fsledch 7|sba ke dl4=8H5%] 2]

F-3Eoll A 50% 3hgEo syl xR E s Ak
gk ek oRk ke e A Aow ke g
ow] vlakg 4, )8k H 2k ¥ ¢ (Range)+ L]"n‘—?
ko] A Abalich®

* 7|3} 3 5

2HGSD)=

J =28 E 2] 84.1% EHEel siubele kA
EH)\ZA”]{‘(L‘_"!"_"] 50% g}‘g‘oﬂ 5”%’6}—%‘:— %5:]

% 7] 3L THGM) =

* = 2](Range)= ‘Q‘M——'VGM * GSD

2. Zk=9| 7|8 HV|E

Table 1°] &=, w]=f, &, AA R 7 7)+(World
Health Organization, WHO)¢] 7] & SO,2}
TSPoll gk A7k dqt, 24417F Hat, 1417 s+t
B 5 7lEg Abdud, 80,0 A or)rE
7 f-2lvkebrl 0.05ppm elskldl v, n]aro]
0.03 ppm, WHO7} 0.022 ppmS. i ZhHol| n]s) w)
3 WHO7ZE o §- st A olg& o4 4 ook
1|5 24417 h7rlERl s felvtelsl 0.15 ppm
olateldl Wk wlate] 0.14 ppm ©]3}, HUE-2 0.04
ppm ©13}, WHO1i= 0.056 ppm ]3I & o)A % od1]
ghatel| Hl N vl A8, WHOZF tghs] w3 s =
oich relaw TSPe] Wit 7|7 5% *ljilaud
Sevfekel v1FEe] 150 uyg/m® o] 8%, v)3te] 7)&
50 ug/m* o)l AMARZAZF] r[Fa) 90ug/m
oate} wlitah A Y5shAl =4 Aald Uk AL
oF g7 ade, 24417 St N7 EA R evtelat
300 ug/m* olakele]l nlall, wiwre] 150 ug/m* )&},
o]-%tel -2 100 pg/m® o] &, WHO+= 90 ug/m®
o]lE. o]A% Al &atol W& wy AR,
WHO7} cBsls] oA Yallz gl o)9) 3-& AA
Aol sl Bul Sehlele o7)sk 7))
B A 202 R R R ) e 3“”173 Zdo| A% 1

WA upeie] Ajgsicl & 4 gloh
3. XI5 Fuiel iy} = so2 =59 TSP 5%
Table 24 B, 2&2] #|shaed 2478 =] %ol 4]

1990%15} 19913 Z0] goll 2 4b5l 4870 45| SO,
2] 7)&+H(Geometric Mean, GM)e] 0.022 ppmo]
&lar, 718k 3 %HGeometric Standard Deviation,
GSD)7} 1.6810)g].cw, uw](Range)“ 0.013~0.036
ppm 3 viebytek 2] 3 TSP 7813 F(GM)o)
457 pym®, 718t A AHGSD) 7} 1.294, ¥ 2l(Range)

GSD = 344.3~5769 pg/m*2 vhepsdcl g3, Table
Table 2. Concentration and No. of over air quality standards of SO, and TSP
! No. of No. of over annual No. of over 24 hr air
Pollutants | GM* | GSD** | Range |samples|air quality standards (%) quality standard (%)
Korea | US.A. | WHO | Korea | USA. | Japan | WHO
SO, (ppm) | 0.022 1.681 0.013- 48 1 5 20 0 0 2 1
0.036 2.0 (104) | 417D 4.2) (2.1
TSP (ug/m’)| 445.7 1.294 | 344.3- 48 48 48 438 45 47 48 47
576.9 (100.0) | (100.0) i (100.0) | (93.8) | 97.9) | (100.0) | (97.9)

* Geometric mean.
** Geometric standard deviation.
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Table 3. Concentration of SO, and TSP by vears

Table 4. Concentration of SO, and TSP by Lines

Pollutants | Year GM GSD Range Pollutants  Lines GM GSD Range
Early S0, 1 0.025 229  0.011-0.057
summer, 0.025 | 1.763 | 0.014-0.044 (ppm) 2 0.023 151  0.015-0.034
SO, 1990 3 0.020 1.73 0.012-0.035
N 4 0.019 143  0.014-0.028
(ppm) Early
summer, 0.019 | 1513 |0.012-0.028 TSP 1 516.5 115 447.9-595.5
1991 {(ug/m®) 2 533.8 121 439.6-648.2
3 369.3 129  286.5-475.9
Early 4 3716 116 320.2-5524
summer, | 440.4 1.325 | 332.5-583.4 . : T
TSP 1990
(ug/m®) | Early
summer, | 451.1 1.261 | 357.7-568.8 oF7F v} AlafAS-& o 5 9lch ol njfe] Ho}
1991 elufe) 545 TSPe) HA7} AT b
Lo Qlvke e o ooz, S0,9 HAw

38 2By SO 19904 Zol -9 Ysluddol 0.025
ppm, 7|3EFHR7E 1763, HelE 0014~0.044
ppmo] g i, 1991 x o3 22] 7]5}5 o] 0.019 ppm,
AN nFEAz7E 1513, H9)E 0.012~0.028 ppme]
gtk el TSP 19904 %o &o] 4404 pg/m’
718 REH A7 1.325, ¥ 9l 332.5~583.4 ug/mo)
R, 1991 2o F9 7lstH e 4511 pg/m?, 7]
s F A7 1.261, WelE 357.7~568.8 pg/m’ =
vhebge}, Zelar zAbchAbe] 19900 FEojEo) SO,
= g, uld, WHOS) w7k gi7] 71532 233k
Feo] 217t 1, 3, 117 & viebubed], o)is v=H(13
Goyolvt Al AR A7) 7(46%)l wlah A gab7) A5
238 o] FTd(2.1%)8] HOoR Hol ghe]
71E2 AdAe] v mlekghg o 4 gl 1991%]
20159 SO0l W7t 71528 29pdh £ gkl
0%, w]=to] 8%, AARAZT7t 38% % vebutot,
Zeja | 33 ol 2 e 2447 B4t
Ao A 199051 F0f Foll gh, u];} ol 2 WHOS)
71EAE 2 el Z7 0, 0, 2, 1THE e}
wew, 19919 2o} el B o} 7| &S 2aed
Fol gl Ao eyt oj7ie g Hel 19904
Bob® 19919 a9 SO0 F:b ofzh
MAENSE B 5 vk & 19908 Zo &3 1991
3 2B TSPe &, UM, WHO<] 7t &
B7)5E 2 o] 77t 24, 24, 24308 WE
t} 100% Z=3)sbeich z2ela v 338 zatE| s
SYE] = 24A17F HFell A F 1990w Fod Eo) - ghal,
u)3h ol B WHO7} 7hz} 22, 23, 24, 233d| & A9
o) -Fo) #8758 2abaln 9S4 ale

19916l = 7hz} 23, 24, 24, 24540 2 v o) 1) al A

u)=tolu} ol® 72l WHOS 7] H]Toq B
2 8L 7boles Aol 4] AlzbslA] ateda)o} sle)eln

A7l el SO,9H TSPl SAlel x&sl9le
At 5 o 42 e fAEE a4 5
eebel ) A gaka ol 58 EAE vhgal 7

steloi ot ahl, Asheatl Al )R A e wek
WE W4 vehlol stelebn 4z

4, X" &MY 7] £ SO,2 TSP =&
Table 4= 7+ 3418 2 S0,2} TSP 7]?5}-“"7*4
ZlstEEd 2ol W9ls epd ZlQld), SO 1%
Ale] 71gtH+tel 0.025 ppme s 713 £ %PIJ_ 2,
3,434 wo8 vepdy, 2 F shile], FHE7A,
AE, d3E, g9 So) WHOY W7 715«
0.022 ppm& A1 Fol FIsiedry aea
TSP+ 23 4le] 533.8 pg/ml‘oié 7 w1, 4, 3
4 wos vehdal, L F A BE x]Ho] I
]511 ‘Q% WHO¢} ] =& }_*’rﬁ}‘ﬁ\:} 18] 12 Fig.
& Table 4% 3§k 7ld] SO,9F TSPe| g3
WHOS| 7|25 2kow 13} BEs welE o
ehdl Zolct. Fig 29} 384 S8l A| 3 AHg-slol
48712} SO,¢} TSP2 sample%- ¥ 2|3k 7iald], 7}
E3ol ¥ug 2w 4250 $5& ek
o]u q_c.o}g] g}-'ﬂ:ﬂ- 2 zjow 413 3} NEAl
el L W (1) x}it 7] Frkrow
Aekr, (2) 2000 2B i ohE, () TR ST
HEgh 55 Aetd o o] F e 3}
o A AdEstEe o ¢ oloh aeng 8o,
o} TSP 3%+ A i(normal distribution) ¥.t}

= g7 oﬂ'—v #(log normal distribution)Z &k}l
&k 4 glch
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Fig. 1. Underground airborne SO. and TSP concen-
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Fig. 2. Cumulative distribution of airborne SO, con-
centration.

s12):7 Table 20l 4] x]s}:‘g 1, 2, 3, 43419 &
o] Wzt 374l 005 ppme 24 32 1721
%yolgd ot p|E7]Eel 003 ppme EHFE Hel b
F(104%) 0.2 viepgow AARAFL] 7]Eal
0.022 ppm% 238 3 207d(4L.7%) 2 vhebut

0|2 wlFe] Haf $erie} xslEY SO, FEE
Apeds] A 46& Abepeba modzich e|a W7k 33
o4k aFfal X otsE 24417 HE7IEHE 23
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Fig. 3. Cumulative distribution of airborne TSP con-
centration.

3 e oJxe] 71 0.04 ppme 2 Fol
272(4.2%), ~e]i WHOe ~]&=el 0.056 ppmE
298 2 1542.1%)E viebsch ela TSPE
Hxd zh Za Fare] 28 40| 5338 pg/m’, 1%
o) 5165 pg/m®, 434o] 3716 pg/md, 3¥Al0]
3693 pg/m® o2 vepyhod, fehvetel W7t
3)8-7) 7 2]]) 150 ug/m*e} w)=re) W7k FEA 50
pg/m?, el T AARZAZIRe] d7kEEE el 90
pg/m®, Zeli o] WAzkEFAQl 100 pg/m’E
2313 Fo} W o} 100%2 vebstor &=, vl
ol® -12)3 WHOS| 24417 8| &7)&xE 2343
Lo 7tz 45(93.8%), 47(97.9%), 48(100%), 47(97.9
%) & vpebgdrh o] & vlF-e] Mo} TSP 2
oo rjuts] Alzkg Ao, ek 7ol SO.9
TSPl EAlo] e&59le o 2574 23t 47)
715k=leg @ akel L}EM 4= olcke Hyh Az A
sh27he o] 83ks Al Eo] wolxltke A& A4
g u ZEr] HIHQ 2AEE FHalek Heiztxw
A zbsic}, g9, Higgins & SO, F%7F 0.055
ppmicl wre grejalAwt TSP %%} 180 ug/m’
ol e uf EF 7)ol o &o] vpepitehy Bnakich
2ela SO, F%7F 0.01ppm, TSP ¥%x7} 106~
341 pg/m*elslS wf Ak 40~504 o] 2.8~37
%7t £&7)1 S v FeAE S0, w7}
0.05 ppm, TSP %7} 200 pg/m* ©]44< = 40~50
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Table 5. SO, and TSP concentration of each Lines by years

Early summer, 1990 Early summer, 1991
Pollutants Lines
GM GSD Range M GSD Range

SO; (ppm) 1 0.029 3.07 0.009-0.089 0.020 1.29 0.016-0.027

2 0.021 1.35 0.016-0.029 0.024 147 0.016-0.035

3 0.029 1.62 0.018-0.047 0.014 1.42 0.010-0.020

4 0.025 1.16 0.021-0.028 0.016 143 0.010-0.022
TSP (pg/m®) 1 536.1 1.14 469.9-611.7 4975 1.15 431.5-573.7

2 517.5 1.27 407.0-658.0 550.6 1.13 485.7-624.2

3 358.4 1.32 271.0-474.4 3804 1.24 304.8-474.7

4 382.7 1.18 324.8-450.9 384.1 1.14 336.7-438.2

Al L‘X}"l 97%, Ak 39%7F A7) 7] kA
2 v H SR o) AR B
-2 }E}E ‘1]’4114‘21 FAel sk3e] SO.2F TSP
5 Hat Aok 24278 JHEAE B} zhs)
SR A $13 SO0 TSP o] # 4o
] A5+8teh &bk

5. AZY SO,% TSP =&

199010 Zod B3 1991y 2o 8o o] o
£7ke] 50,9 TSP smel A4 zfo}s Adsii
ZA 3K Table 5), SO= 19901l 0.026 ppm, 199143
ol & 0.019 ppme. &, %7} 199041 B} 19910l
FR7F FolEAl sigkoni(t=1443, p<0.1), Z12]
TSP+ 19900l 448.7 ug/m®, 199110l 453.2 ug
/M2 Jxrk kel mpel BAFql aboli= gidc)
(t=0.327). L8] 1990%d Zof ol SO,2} TSP7te]
AHRAE B, r=0277(p>0.1), 123 19914

FoBoll r=0.196(p>0.1) 0.2 7+ slhdzel SO,
9], TSP7]-O]]‘— /\L_Jlo} UHO L¥0 Ao& L]-E]—IJE]-
2l A shatkel 4 SO,9 FE7F WHOS d7b
VEANE 2034L7%)°)  E3E glrke 4t
TSPe] w7} Q771 &3] 9} 24417t 71 &2 5 A9
BF 243813 qlvke He Foslol gk o) %A
SO.9t TSP] =7} T o)lft= i )% =25
A7) witolefal ol El i x| alghe) 4] 2]

3719 BApE v Ae] Yol Fgshia

A7hgey,
v.d £

ARl M A AEtE(, 2, 3, 4

FADE Ao R 19901 Z2od 33} 199151 2of Eol

H7ecie) Fagh Akl SO0 TSPH F4]of
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1. oi7] 2 w17} SO,8}F TSPe] 1wtz 7+7b 0.022
ppm, 445.7 yg/m’ick zel WHOe wd7h
WA 72 kg e SO.F TSP} 7h7d
41.7%, 100% o) ch,

2. Askd 34 g7 F SO, FREE L 203,
4% %] 7k 0.025 ppm, 0.023 ppm, 0.020
ppm, 0.017 ppmelgict z2]i TSP F%4= 2,
1, 4, 3F410] 77} 5338 ug/m’, 5165 pg/m’,
3716 ug/m®, 369.3 ug/m* o2 viejytr}

3. TSP2] I prwsh EA4 o g zfolv)
R em(t=0.327), SO.9) 1w FiHshe
1990\do] 199111 R} A H o oF} &4
L}E}L,&L‘]r(t =1.443, p<0.1).

4. dw SO,2k TSP7hel A3hA 44 1990 %
4 ol r=0.277(p>0.1), 199111 FojEo| =
0.320(p>0.1)F AtzkAde] ¢ldrch

EHu=2H
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