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Abstract

In this study, air pollution level{S0; NO:, CO, THC) in T—tunnel ans its influencing
factors, the concentrations of gir pollutamts, meteorlogical factorsiwind spesd, wind direc-
tion, relative humidity ete), traffic volume, welocity of vehicle al T—tunnel amaong five tun-
nels in Pusan city area, were measured during December in 1990 and November in 1591
to investigate the pollution level in T=tunnel and the future{2000yr) concentration of each
pollutant in T—tunnel were predicted by statistical prediction medel, Results obtained in
this susdy wers as follows.

L The minimum, maximum, mean concentration of each pollutant, S0y, NOy, CO, THC
showed 0.032, 0.260, 0,120+ 0.057, 0.910, 2315, 1650+ 0.317, 6.9000, 114000, 7.603+ 2.
057 and 4.980, 9.001, 7. 754+ 1417ppm.

Among them. the concentrations of 50, and CO eatisfied umderground space environ-
menta] standards, concentration of WO: exceeded that stadard.

2. Correlation coefficients between 50k, NOy, C0, THC concentration and each of the inf-
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luencing factors, © valug was appeared as 0.032—0.66, 0.14—~044, 0.11~0.79, (LIE—LG3
But decision coefficients of multi regression analysis. R° value was appeared as (.54,
0,48, 0.93, 0.78 and its(R* Value) had a significant combined effect on the 50, NO.
€0, THC.
3. Multi—Regression— Equations of S0, NOy, CO, THC concentration obtained in this
study, were as follows.
Yae=—0,08630+6.266E— 05X + J.586E — 03X, — 0.02533X,
Vo= 092335+ 39T0E — (4 X+ 0.33168K,
Yoo = —547TRE0+ 2 566F — (930 < 0.91038X, +0.12057XK, + 0.3963 73
Yue™ — 132104 — 005092, + 0.1621000 + 0,100 72X, 4+ 1.03064X;
4, The concentration of S0y, NOy, CO, THC in 2000 year was predicted as 0.44, 357, 2L
41 and 1107 ppm.
5. Judging from the results of this sutdy, comprehensive and proper tunnel pollution con-
trol programa and plans should be established.
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Table 1. Summary of analysis methoed and instrument”

Pollutants Method Instrument theory
S0, conductivity EIMOTO Model 136 | » 2laig sl pi
methed Fdd] AEEAE F |
#HAH oA E
- W AFo
o0 NDIR HORIBA APMA 300E | » ®4bE; whig] A4
method gadgrs FErF
o] fgle] ARt
B u %N 7}
~pa4z 349,
NIk chemiluminescence | KIMOTO Model 300 E | = 5 %4 @ (Salzman
method ~lghel w738 <
{Salzmin method) it B4 FeMEl
=
THC gas HORIBA APMA 300E | = A E471% FID?} &
chromatography #H GCoA =6}
(FID method) eabedrt CH %
n-CH.2 #5le 5
g 494 =¥
of Ggsi= oo
ol ol ARE 279
How @ied FE
£ 23,

4388 FAY E4e A0, F w058 A00E AFAE FoAA T 4S8 =
o] & bl Me 27 dSAast 434 307 go] w9 dckn 4idE 3 AuE
Ae® 35700 AAEH desEH3 I o95dE=d O FEd 9% YA 2
Eol tis] B SVFAE AR aE, ST B 228 (Stepwise method)' ™™
gahe] Huy 7 SYUgEd WE ¥43 4F4F pYUsHon], BE FAHE SPSS
{Statistical Package for Social Science)® & o] &5tk
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Table 2. The results of measurement'90. 12. 19, 22)

a0 129 199 () a0l 124 229 ()
Mn;ammd ﬂt‘rim ua;m 12;0& mi:rau zzim uﬁ!:iw 08:00 [12:00 | 18: 30| 22:00
e 0600 | 09:00 | 15:00 | 19:30 | 23200 | 06: 00 uggm 13?01} 19!:!1 2:5!
. 12 0.041 | 0.098 | 0,089 | 0.110 | 0090 | 0.032 | 0.120 | 0.230 | 0.186 | 0.081
##| 0.082 | 0,036 | 0.027 | 0.041 | 0.049 | 0.027 | 0.042 | 0.048 | 0.041 | 0032
Conce-| | *|3900 | 6200 | 5400 | 9.900 | 14.70 | 2.600 | 7.700 | 48.90 | 24.50 | 6.600
Jntrat- #%| 2400 | 3400 | 1.700 | 2.700 | 8.600 | 2,000 | 2200 | 2.400 | 2.700 | 3.800
ien No, | FI129111562 | 2315 | 1919 | 1749 | 1137 | 1414 | 4219 | 5450 | 1549
{ppm) #%| 0.091 | 0390 | 0462 [ 0.192 | 0.485 | 0130 | 0.332 | 0151 | 0.188 | 0.168
_— *| 6.190 | 6590 | 6.790 | 8.990 | 9510 | 5.640 | 7.080 | 15.12 13.-%5 6.990
#%( 3570 | 3.950 | 4.110 | 4320 | 4610 | 3.160 | 4.370 | 4.890 | 4480 | 3.820
mdl | #* AE 1M |G| M (24| M | 8M¥ | X5 |2 | BF
Meteofwind | #[ 43 | 28 | 25 |31 |30 |25 |29 | o | o | 24
hgicalmn o1l o | o | o | o | o | o0 |35]|30] 10
factor [tempera| #| 40 | 50 | 100 | 78 | 71 68 | &0 | 162 | 110 | 53
o ") (##] 10 | 30 | 126 | 56 | 60 | 55 | &0 | 91 | 50 | 25
lative | #| 508 | 43.3 | 345 | 527 | 610 | 43.0 | 465 | 34.1 | 365 | 442
(%) |e¢| 555 | 408 | 203 | 572 | 700 | 475 | 457 | 482 | 460 | 522
[Trafic volume (©6/hr)| 325 | 1789 [ 1L,750 | 1,758 | L743 | 327 | 1,726 | 1478 | 963 | 1589
Vehicle velocity | 516 | 253 | 267 | 241 | 229 | 535 | 241 | 98 | B8O | 245
{km/hr) FEA) | B

# | mside, ®% D gnt=de.
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Table 3 The results of measurement(30. 12. 23, '91. 11. 16)

w0 124 23¢ () 91 119 169 ()

Measured  (05:00(08:00]12:00|18:30 | 22:00  08:00|09:00| 10:00 | 11:00 12:00
e 06700 |00:00 |13:00 | 19:30| 25100 | 00700 1000 | 11:00 | 12200 i
*| 04038 | 0.057 | 0.062 | 0.089 | 0.076 | 0.140 | 0110 [ 0260 | 0171 | 0.130
T e 0031 |0.039 | 0.048 | 0049 | 0,041 | 0.052 | 0:038 | 0.062 0.052 | 0.044
Conce- *| 2500 | 2,600 | 4200 | 5000 | 4.700 | 8200 | 7.000 | 9.100 | 8.200 | 7.800
ateate | O [+%| 1800 | 1200 | 1900 | 2000 | 2900 | 3,000 | 3.300 | 3.500 | 3500 | 2.900
ion *| 1732 | 1382 | 1536 | 1558 | 1422 | 1431 | 1321 [ 1880 | 1811 | 1722
womy | % [e%| 0168 [0255 | 0189 | 0077 | 0.182 | 0.121 | 0.130 | 0.141 0.140 | 0.171
| #| 4980 | 5.200 | 5600 | 6.160 | 5950 | 7011 | 6.091 | 8641 | 8361 | 7.901
TG 3510 | 2780 | £.110 | 4440 | 4540 | 2810 | 2091 | 3.001 | 4271 | 4111

wind, lesl % (M% |8F | ¢ (G4 | F |34 |24 (%5 |5
Meteodwind | #| 24 | 33 |82 [ 25 [ 17 |11 [ 08 |14 [ 20 | 07
logical |(mfeec) [#%] 02 | 33 | 30 | 0 | 0 | 40 | 41 | 36 | 33 | 34
or |tempers] *| 35 | 25 | 80 | 42 | 19 | 144 | 142 | 153 | 150 | 158
I::?fhr} WHEy [we| 20 | 20 | 112 | 33 | 12 | 1397 [138 | 144 | 138 [ 1a
relative | *| 430 | 453 | 242 | 365 | 463 | 463 | 465 | 458 | 405 | 369
B e | 48.0 | 460 | 247 | 350 | 489 | 485 | 478 | 495 | 50. | 538
Trafic volume (th/he)| 372 1231 | 1963 | 1689 ( 838 | 1611 [ 1.519 | 1,732 | 1,681 | 1331
Vehidde velocity | yo5 | 352 | 223 | 249 | 451 | 286 | 300 | 271 | 282 | 213

¥ | incide, % | outside.

— g =




Table 4. The results of measurement(91. 1L 16 17)

Measured

91d 114 169 (B)

‘01 119 179 (W)

14200
15:00

15; 00
16:00

].E;Ui]
17200

1'.'-';.':1{!
18:30

I:EilIl
IS:{_HZI

Wiﬂﬂ
0azon

ﬂﬂim
04:00

'UE';[K]
1000

10500
b
11:00

lliﬂﬂ'
12200

0.161

0.170

(L1860

0211

0.180

0.062

0.086

0.088

0.102

0.064

+4

0.053

0059

0053

(058

D056

0.053

0063

0uoF0

(LOE2

8.000

B.400

8900

S.800

6,900

7.900

7.700

7.600

7.600

co

*%

3.100

3400

3.700

4.100

5.200

3000

3.800

2700

2,400

L.761

18zl

1571

2011

LO0%

1224

1442

1600

Ny

k%

(.191

0.161

0.141

0,110

0.101

(L130

(L236

(.548

0.742

BETL

BA71

8.721

8.901

T.B11

5.190

6901

8.201

THC

4.321

4.4521

4.680

¢4.711

4.511

2081

ara

4011 |

%

=%

24

A

Al

B4

Meteo-| wind

0.7

0.a

1.0

0.7

10

LI RE]

11

J i viloo
logical |(m/sec.

L2 ]

22

a5

4.6

al

a8

4.1

43

151

14.5

138

slels| £

142

142

145

14.0

14.8

lamo|" ()

£

11.8

114

118

134

13.6

14.1

14.1

relative

5.8

498

483

473

461

472

162

hourmick
(%) |**

5LY

50.8

473

49.4

484

432

ol3

Trafic volume (TH/hr)

1,463

1632

1,668

1701

1,685

LiOET

1,186

1147

24.1

Vehicle velocity
(lm/hr)

276

368

G20 | 329

* ! inside, #% : outside.




Table 5. The results of measurement('91. 11. 17, 20)

Measured

iime

911017020}

o1

119

20

(57

EE[IIZII
13- 00

lﬂiﬂﬂ
14 0

lﬂiﬂﬂ'
1100

lliﬂﬂ
18:00

IH;EIJ
14500

14;013
15:00

16200

IE;EIH
17:00

l?iﬂﬂ
18100

lﬂiﬂ'ﬂ
19700

nirat-

(.058

0.106

0201

0152

0,196

0174

0.188

(L.1B4

0.199

0.210

0.07%

0066

0056

0.042

0.050

034

0.046

043

0065

*

BADD

£.500

8800

8.600

0200

8400

9.600

2400

8500

1140

co

&

2200

3600

4.100

3500

3600

3400

3.800

3.500

3400

£

L,7

1920

18914

1.900

0910

1811

1042

1837

LES1

INO

%

| 8438

(1.850

0. 146

(L.138

01440

0.140

0.144

01448

0.148

0.152

*

8511

BETL

£.938

A.TO6

BALD

8471

LR

BEZ1

B0V

8,110

THC

ook

4730

4.920

3108

4.518

4110

4.500

3.12)

14211

4507

4.010

logical
factor

[{Ela'hr} hﬁ}

wind

direction|

ok

HE

=

qE

BE

=

-5

A

=5

Meteg-| wind

*

15

16

12

Lo

10

09

1.

1.1

15

/eec)

£k

4.0

44

4.4

44

18

4.0

41

39

.6

4.4

tempeara

*

158

157

147

144

144

144

145

145

143

145

150

149

132

133

139

133

133

128

127

relative

E

399

40.4

46.9

464

4780

454

49.7

49.3

16.8

48,0

ok

¥

48.5

ale

49.3

48.3

476

BT

483

ar.2

Trafic volume {#/hr)

1571

1,650

L1726

L6356

1,650

1,607

1,599

1,672

1632

LT8G

{km/hr)

Vehicle velocily

283

283

29.0

28.9

290

26.4

289

289

& : insile, ** . potside.

198




—2. OfakMI A

& wAs gl £85e 3 fdscn Jsis sl Alae] dsls S 3,
Hd, H2 B=XF Table 64 Pe]stech

Table 6. Concentration of S0 in T—Tunnel {umit : ppm)
Mo, of cases Arithmeti
- m— Max. valoe Min. Value
ovaeryad Mean+ S0
33 01203+ 0.0573 0.260 0032

A&t ARbdie siRFs] EAA Me] TFESA BA5] e, Jady AhE 15
Fitems B35 oA 317114206200, 4. 162 AME Ak #AH7E ATAY0S
ppm/15E)S ¥lad 0 ZE {RA7] AsFa HEvE dadE 9ReE € ¢ o

2 ASARHA A% Sl MBI E =)t 2 A ERAA Alolg dEATEIE Ta-
ble 7ell vhep 2ot

Table 7. Correlation coefficients between 50k Concentration and influencmg factors in

T = tnmel
Influencing Traffic | Velocity | Queside | Wiind Wind | Temper- | Relative
Volume : conc. | direction | speed ature | humidity
factoTs '["fl fhr) {m/he) | (ppm) | @—1) | (3/sec) (t) (%)
Eﬂ (.66 — 0] (uE: 028 —051 (&1 025
coefficient(r)

Bl olmivtE FENe)S B8 ARRAT vehle ate AR ASFE Y
2e, AdgEe o, 485 A7} 025~0662 2 el ol aEFe A 2EHe
BelA o g olgpidris ui@de] @orAln] gEld FRe 2717 Qoiur] WEc) o fF
Fima] Ao, 454 24 Bdl FE4T EESR pERED 2 £YE0S w283
Hs vy srt MPd ge FRTad 2@ S e] Ay A Hd YTt 4
3oz E797) 429 Ao AztEc ZldEy ag F 3% 2 € ddvee] 3
fol= 2 AAEME] gedchs e o] A qRos 44 e, F x5
Ay AEPe] FrhEE Aes W@k R0 FEE @ebM s 2=t ol
waps ofo] 4RBAE e AoE pgdch



Ed Yool 9 1 vehle st A9FHEE 9 4 Foe o AuAS
e FHEET} —060, F&e] —0518 vi2A f F4REE e o= JE, o5
o[- B¥, AFFEzs] Fiele SAbect g L4EE WP Hdyee
go}a]7] wje|n], B&Ha A4 Fdo AATR s HibEde] FoiEe| =71
solalr] iz 4aqa.

Table Bl HPYATEN AFFFHARE, AFH 25, ek £ 55 HeR5E F
s g8t FEFEY WY F ADE49Y(Stepwise method)s 4188t 1p2 HiE
A=k

Table 8. Stepwise anabyars for S0, in T=—rtunnel

Step Variable entered Multiple E K sguare Significance F
1 Traffic volume 0.59 0.34 0.0000
;- Wind speed .59 047 | L0000
3 Relative humidity 0.74 {.5d | 00000

Table 8514 R wig 2o] Bl Vst 7% & @84 e A TEFOE YE
wod, thie] £& 4 €= £28 FMEY ddgdyos HFHE T HE
] Yae 3418 R 05424 ]2 & @8 Jehia fivk =9 By Ve B
FHF WA 4e g gl FaHE.

Vo= T K+ O X B K wreweerens )
714 zZb BEAA S duEss B8 e oe g,
%o+ — 003630 X, ¢ T )
e, . 6.266E—05 X AeR(%)
@, 3586E—03 X Fd(mzec)
2.7 =002533

el A mEgs] A Yool 2] 7@ s, ol @i i wie o] 1F
o] eld4® 2583 Wiue] BelAne gitly] Yoo} Bolr]7] Wgelr) =% F44
Ao B0 58 FE0Po 2 Sarego] S oA Yoo F2 98 FE
A5 2 gAHAR o Adgxe AL, Sdesrt 5259 WreYgEdeer) Ere
AR e} dETE & 4 U 7o A AgE Al Fe 3 guA A gl
4% o] Ryd gig 9 97t dasida 42do.

A1yel po] 2AE | F 4o )7 o F=(calcalated value)st @53 (measured value)Shs]

#AE Figld vebddic
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Fig. 1. The trend of deviation between measured value and
caleulated value of S0.
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a2 A7 217 4Ec] 24 HoaPe] B de AR, A ® FIAEER AL
dgte], Baltrr FAATEE Heol 258mfhr, Eof A EE Bm2 HE-ae] oS4k
si#lA FHH 2500 8 FHHRG.
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Table 8. Prediction of future Concentration of SO.(2000vear)

Wariavle X; X, Xy
Values of variavles 6,250 46.8 1.38
Prediction cone(ppm) (0438

2 739 & Table 95145 To] A FETT 04388 AHEL BA 7P AXA(05ppm/
158 MaE o FIEAE oL UED flov, o Sdld 2 ule} o] 4BEFHe|
TEE FEAMe F407 S 38 AN o, e TEF os 2o, A4y B
e AFFE 57l dasE dstn fled, AH2000dde AdEFd #37E
An2E =4 Yol 7Fede] F 2oz Bedo] oo o dMe] aFHG

I —3. gapsg

F 3509 A7HE 4 Aad @@ Ab083e] FEE g A0E FEEEd Ad
UF WHAEE Table 104 elfigich

Table 10. Concentration of Nk in T—Tunnel (unit : ppom)
Mo, of cases Arithmetic TR B Mia. Vahos
obaerved Mean+ SD
35 16496+ 03172 2315 0410

Table 1084 3d FLA5052 HYE =& 091~23158 EF e ey, o
HFAE 16496+ 0317284 #stF #7478 Au¥ 05ppm/15EET Y =4 el
e By AL4EE e v A Adgd gEE F +

Table 11 E1'dv] L4888 Fxot = g9qx Aele] ARAFORE Felshart,

Table 11 Correlation coefficients between NO; Concentration and influencing factors in

T=tunne]
Influencing Traffic | Velocity | Qutside | Wind Wind | Temper- | Relative
Volume conc. | direction | speed ature | humidity
factors (dl/hr) | (o) | (ppm) | (@~1) | (m/sec) | (D) (%)
].ahm 0443 | —05 0.135 0291 | —0033 | 0265 | —0.187
coefficient{r)

= el —




Hd A-0882] 22UNOIS 99 R84 e ate 2539 SNy T4
& Folv duArE rd 014~0448 JERT Rlon], g AR e ad4e 3
HEE, Fd, JhdeE Fo2 AWlFORE —0M~——0514 T Yeid oE A%
A F Yot Acidez Ho Gy g 2= ¢l 25 2 AgEdaee Jehton,
3 )9 Qe AMe dude] ojekghE € 4 Utk RETHE 98 SaEE ey, ¥
Hdr e A o] AR Jehie e 4M nag olgdrkls] Fost FUsA
d5d 5 Uk

Table 12¢] 7718] SYV+E A9eie] ADEA TR oy J2 AT Fsisid

Table 12 Stepwise analysis for NO: in T tunnel

Step Varizhle entered Multiple B B square Significance F
1 Traific volume 0.630 0397 (000
2 Wind direction 1,650 0476 0.0

Table 12914 2= vhab o] Yuust BHAo] fle & dde 2§ FHooe #45
glen e& 5 @y oF FAFL B2 0482 ey
EG o] siss =2d FAF 4 E dE4@H 2k

(R SIS, AUE Y, [N |
&, - 092335 X 0 8/ hr)
T, 3OTOE— (4 X . B0~
7, - 033168

@A 2EEd FU0A 257 Yol B8 71T @2 gled, 29%9] 330 &
of M i@k st o), RES vk ot Wa40E 429 FUsY Yed W €
oju}7] wEolch Edks A9 @94 Hddgg FlEe s 0% 1607 W 1=, 80°, 270°Y
W@ 02, 45°, 135°8) FE 052 HE] WEd 180° Ape]s AHER] AN HE
Fo A4es) Po] F4R w2 Belde A 2L WYY o= yPEn.

4 AE)Th gel 2Y d& 2y of A58 AS3A Aol wAE 2HER O
Epdid Fig2# @

Fig2l4 ey o or§Rivhie) B89 o] TEE YHAM I5347) g3 @A
FARE A% 2 7 ok 88 dJA8 4HATNe AAE YFAFE o] 06328 A
dseizien (@Y 4549 27hdad 48 AT Rl 04BEM Y] cjS4a), H5
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Table 13. Prediction of future Concentration of NOx{2000year)

Variahle ' X: X
Values of variavles 6,250 05
Prediction conci{ppm) 3570
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Table 14. Concentration of CO in T—Tunnel {umnit ; ppm)

Floy ot iman Aeininntis Max. val Min. Valoe
abserved Mean+ 50 ad s
5 7.6029+ 20672 11.4000 6.9000

Table 1444 3@ Yafighss] gyl #5x 69000~1140008 g ehhiz gla,
3 JEAE 76029+ 2067224 ASF BAHAE 214 0Sppm/158-E USEE & £
gtk

Table 1544 B Yoot 2} G0} Alele] H8AS0atE Hasig
Table 15, Correlation cocfiicients between OO0 Concentration and influencing factors in

T—tunnel

Influencing Traffic | Velocity | Outside | Wind Wind | Temper- | Relative

Volume conc. |direction | speed | ature |humidity
factors (@d/hrey | (kmfhe) | (ppmd | (0~1) | (m/sec) () (%)
N 0785 | —0.730 | 0772 0108 | —0561 | 0579 0317
coefficient{r)
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e oks A4 vEdE geigs ¢ & 9 ARuAs Jehde FHe 94
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Table 16. Stepwise analysis for CO in T—tunmel

Step Yariable entered Muitiple B R square Significance F
1 Traffic volume 0B 0640 0.000
2 Temperature 0.5 0816 0.000
3 Relative humdity 0.957 0.916 0.000
4 Outside conc. 0566 0834 0.000
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Table 17. Prediction of future Concnetration of CO2000year)

Variahle X ). X Xa
Values of variavies 6,250 1201 468 6.3
Prediction conc.(ppm) 21.41
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Table 18. Concentration of THC in T—Tunnel (unit * ppam}
" ikt Max. value Min. Value
observed Mesn+ 5D
aa T.TH+ 1417 9.901 4.980
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Table 19. Correlation coefficients between THC Concentration and influencing factors in

T—tunnel
Tnfnencing | Traffic | Velocity | Outeide | Wind | Wind | Temper- | Relative
Volums conc. | direction | speed ature | homedity
factors (/b | (e | (ppm) | 0~1) | (mfsec) | (©) (%)
08| oeoe | —0611 | o4m | o246 —u.#:ul 0655 | 0183
enefficent(r) | ,

B Yoesh oFe) ApadE et AFF A5FE, HwE Lx F FoH,
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Table 20. Stepwise analysia for THC in T—tunnel

Step | Variable entered |  Multiple R R square Significance ¥
1 Temperzture 1663 410 L]
2 Quteidel cone. 0214 G663 0.000
3 Relative humidity (0.857 0755 0000
4 Velocity 0.881 0777 0,000
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Fig. 4. The trend of deviation between measured value and

calculated value of THC.
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Table 2L Prediction of future Concoetration of THC{2000vear)

Variable X X h.# X
Values of variavles 8 15.8 .3 4.920
Prediction conc.(ppm) 11.07
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