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Abstract: In this study, we analyzed the relationship between noise and air pollution from 6 residential sites from
6 districts in Seoul. The survey of all noise date obtained from 6 sites were also compared between road and non-
road area and between active (06:00-22:00) and inactive time bands (22:00-06:00). Comparison of the data between
two time bands indicates that their differences are not large enough. On the other hand, if comparison of data is
made by correlation analysis for road and non-road areas, strong correlations between noise levels and air pollution
tend to be prevalent consistently in road area relative to the non-road area. In contrast, a correlation between noise
levels and air pollution tends to decrease at the road area in inactive period relative to active period.
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Table 1. Classification of land-use types for various districts in Seoul and 6 target sites

Land use type Site

A. Sites of actual measurement (n=6)

Residential blus oth District Dong Jak Ma Po  Gang Buk Yang Cheon Jung Nang No Won
estdential pius others Abbreviation DJ* MP* GB* YC* IN* NW*
B. Examples of other land-use type in Seoul
Residential onl District Gang Nam
esidential oy Abbreviation GN

Residential bl ol District ~ Yeong Deung Po Gang Dong
esidential plus commercial -\ L YD ab
Semi industrial District Geum Cheon
emt maustnia Abbreviation GC
Semi residential District Gang Seo
emi residentia Abbreviation GS
Grassland District Song Pa
rassian Abbreviation Sp
School District Seo Cho
choo Abbreviation SC
Hosital District Jong NO
ospita Abbreviation JR

*The sites where actual measurements are made
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Table 2. The information of measurement sites for sound levels in Seoul, Korea

DJ MP GB YC IN NW
Site symbol
RD NR RD NR NR RD NR RD NR RD
District Dong Jak Gu Ma po Gu Gang buk Gu  Yangcheon Gu  Jung nang Gu Nowon Gu
Subdistrict Sang Do Dong  Seogyo Dong Mia Dong Mok Dong  Myeonmok Dong Sanggye Dong
I'st measurement 13-Sep-10 14-Sep-10 30-Sep-10 5-Oct-10 11-Oct-10 12-Oct-10
2nd measurement  11-Nov-10 26-Nov-10 25-Nov-10 4-Nov-10 18-Nov-10 29-Nov-10
Time of analysis 1/9/12/16/20/24 1/9/12/16/20/24 1/9/12/16/20/24  1/9/12/16/20/24  1/9/12/16/20/24 1/9/12/16/20/24
N 12 12 12 12 12 12 12 12 12 12 10 10
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Table 3. The average noise levels(dB) at different sound frequencies between road(RD) and non-road(NR) site

Sound (Hz) 31.5 63 125 250 500 1,000 2,000 4,000 8,000 16,000 LEQ(dB)*
AF® 1.5 1.8 2.1 24 2.7 3.0 33 3.6 39 42

A. All period
NR site
Mean 21.9 32.6 37.7 41.4 45.6 472 45.7 42.7 349 21.8 52.3
Min 9.0 214 29.7 31.2 31.3 32.7 34.6 31.8 219 10.8 40.3
Max 35.8 51.0 56.5 62.1 65.4 66.0 63.2 55.9 494 39.6 70.6
Medium 21.6 322 373 40.7 45.0 47.6 455 43.1 34.7 21.5 52.6
SD 4.84 4.90 4.80 4.88 5.34 5.55 5.84 5.25 5.70 6.03 5.20
SE 19.0 30.3 355 38.8 40.6 411 384 382 29.0 15.7 48.4
N 70 70 70 70 70 70 70 70 70 70 70
CI (90%) 0.95 0.96 0.94 0.96 1.05 1.09 1.15 1.03 1.12 1.19 1.02
RD site
Mean 352 47.1 52.1 56.7 60.6 62.5 60.7 553 47.0 383 67.1
Min 21.8 333 38.9 429 46.3 50.1 48.1 41.7 31.4 22.4 54.1
Max 435 54.7 59.3 66.3 67.3 69.4 67.2 65.6 58.1 56.5 72.6
Medium 35.7 48.0 53.1 57.8 61.5 63.1 61.4 55.4 47.1 37.6 68.0
SD 5.34 4.70 4.62 4.62 4.14 3.68 3.71 442 4.56 6.51 3.74
SE 0.64 0.56 0.55 0.55 0.49 0.44 0.44 0.53 0.55 0.78 0.45
N 70 70 70 70 70 70 70 70 70 70 70
CI (90%) 1.05 0.92 091 091 0.81 0.72 0.73 0.87 0.90 1.28 0.73
B. Active period (06:00-22:00)
NR site
Mean 22.4 332 383 422 46.8 483 47.0 43.8 355 22.3 53.4
Min 14.8 252 31.2 343 38.0 39.7 37.6 34.1 248 13.1 45.8
Max 334 50.4 51.5 50.9 542 55.5 56.1 514 447 37.6 60.8
Medium 21.9 33.0 38.6 42.6 474 49.2 47.7 449 359 21.5 54.2
SD 4.26 4.44 4.01 4.00 437 4.76 5.18 4.75 5.14 5.65 4.42
SE 0.63 0.65 0.59 0.59 0.64 0.70 0.76 0.70 0.76 0.83 0.65
N 46 46 46 46 46 46 46 46 46 46 46
CI (90%) 1.03 1.08 0.97 0.97 1.06 1.15 1.26 1.15 1.25 1.37 1.07
RD site
Mean 36.8 48.9 53.6 57.8 61.6 63.4 61.9 56.8 483 403 68.2
Min 27.2 40.0 455 49.6 54.2 56.9 56.0 50.6 413 279 61.5
Max 435 54.7 59.2 63.5 66.8 69.4 67.2 65.6 57.7 56.5 72.6
Medium 37.8 49.6 53.7 58.5 62.4 63.7 61.9 56.8 479 40.4 68.7
SD 4.68 3.35 3.28 3.30 2.89 2.58 2.68 3.65 3.63 591 2.60
SE 0.69 0.49 0.48 0.49 0.43 0.38 0.40 0.54 0.54 0.87 0.38
N 46 46 46 46 46 46 46 46 46 46 46
CI (90%) 1.14 0.81 0.80 0.80 0.70 0.63 0.65 0.89 0.88 1.43 0.63

a. LEQ: Equivalent noise level
b. AF: Audio frequency = log(sound(Hz))

Rt} LAT(dB)%e] NR#}F RDolA 2% 3 dB A= = BoS & 4= Utk 1.5 AF9} 42 AR M= SRk

& A% BT Fig 12 A9RB, NRIM 4717F Zol7} 14 dBelSio, 2.7 dB-3.3 dBT kel M= F
o] Ago] Hl&E ARoR AFS] WSl wel $7b 35 dBEE Aol E 3 AP 7 A S dBO] Aol
T A2E BT 53] 3 APl 7HE & dBFAE 7FSUMEkE AEE B STk
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Table 3. Continued
Sound (Hz)  31.5 63 125 250 500 1,000 2,000 4,000 8,000 16,000 LEQ(dB)
AF® 1.5 1.8 2.1 2.4 2.7 3.0 33 3.6 3.9 42
C. Inactive period (22:00-06:00)
NR site
Mean 21.0 31.7 36.6 39.8 434 45.0 432 40.4 33.9 20.9 50.3
Min 9.0 21.4 29.7 31.2 31.3 32.7 34.6 31.8 21.9 10.8 40.3
Max 35.8 51.0 56.5 62.1 65.4 66.0 63.2 55.9 49.4 39.6 70.6
Medium 20.2 30.7 35.4 39.0 429 452 42.7 39.2 325 20.8 49.9
SD 5.80 5.64 597 6.02 6.34 6.41 6.32 5.54 6.65 6.74 6.02
SE 1.18 1.15 1.22 1.23 1.29 1.31 1.29 1.13 1.36 1.37 1.23
N 24 24 24 24 24 24 24 24 24 24 24
CI (90%) 1.95 1.89 2.00 2.02 2.13 2.15 2.12 1.86 2.23 2.26 2.02
RD-Night site
Mean 322 43.6 49.4 54.7 58.6 60.7 58.4 52.4 44.4 34.4 65.1
Min 21.8 333 389 429 46.3 50.1 48.1 41.7 314 22.4 54.1
Max 423 52.8 59.3 66.3 67.3 67.3 64.8 58.7 58.1 479 71.7
Medium 333 45.0 51.1 553 60.0 62.0 60.0 53.0 43.8 34.1 66.5
SD 5.26 497 5.57 6.00 5.40 4.73 4.35 4.38 5.09 5.89 4.69
SE 1.07 1.01 1.14 1.23 1.10 0.97 0.89 0.89 1.04 1.20 0.96
N 24 24 24 24 24 24 24 24 24 24 24
CI (90%) 1.77 1.67 1.87 2.02 1.81 1.59 1.46 1.47 1.71 1.98 1.57
33. CH7[Ee] AIZHHE (BSAIZIH & H[ESA|ZIH) ZFol o F7tstA Rk
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7187 Q1o 7W°1X+~°4 FoRE A8 E VL)
7] fl8te] ARtEAR G S AIEE AEE T
o Table 49 A 3+ E} o A 18 7 FE
F717F 857 BHY & AEgS Hole &
72 el A e B 1]

E’UO{N HE

= rlo

Fes:
o N 2 5 S o o ok

o= = T %‘%‘7
2 AA3E RAFATHFg 2). SO, & 8 F
24EE T NO 9 6 T EdA &57] 1
57104 o =& AFS HATH SO, 8 0,
%P%ﬂoﬂ iﬁ?“ﬂ o E=A etttk 059 49
EA 24 NOx, VOCQ} F3}lshikeg
*MQL NO9e] uHg-S &3 AdEr), o7
2EHA 9 Fpo] 2 OJsH 0,9 9 F 5%
uj o] vehve o' AtsErh A
«l A5 4 7HA FEAA BE H[EE7]94 o
Aol vgkeh 53] TSPl 4§ 2t 102
71 pgm’o 2 5 7|7F oF 40% F=
FA 2 7)1k A
°] 315”571011 £ FAE Bt o] A
v 1 & &57d o 22 A& <
o & H|&F 710 Hls] e HUe] w

O

m&“ ol
o; L)
J‘L‘
O

N
-

rux

A do & o et b o o b
f
N
_{

o rﬂ il = flo

E
=
7=

34. NFE 2850 W um
NR# RDS| $7H8 Zpolof whe &gua Fobe
o B4< 9Istel, NR% RDS) B#AE A EE

Z}EE TE3I Table 391 AASFATE o] & Hagk

< v (Fig. 3), NRe| A¥= RDET} B5F 5
ZZ*El‘iiﬁr F AR BF 3 AFA] HA &
7¥ste], ARl o]l F 7rAadhe o] fAsH U
EbStth 22u 1.5 AFE 93 3.9 AF oAM= Tt
AFG Y HTE NR€ RD7F thd W2 2ol & H AT
a2y AFS] Wsle] mE Fof AL g thE ¢
3E BTt 5719 5 AFS] sl wek NRek
RD= Bl At Zol& fAsh= wH, ¥|E57]
o] A% 3 AFe &S NR¥ RD9] zpol= A}
7t F 2ase FdE veRith =3 25719 A
$ 3 AFOlA 2] RDE 634 dB, NRE 483 dBE 2
z2to]= 15.1 dBE YEFSTE ©]ol] ¥kl 4.2 AFX =

Analytical Science & Technology



253 71 e d =] Al e A -

ArAR e B2 B uERA ) v 373

Table 4. Summary of air pollutants and environmental parameters measured concurrently during the study period

0.25th . 0.75th . crP

percentile Min Max percentile Medium SD SE® N (90%)
A. All period
(A) Air pollutants
SO, (ppb) 4.00 5.50 1.00 20.0 6.25 5.00 3.13 0.62 68.0 0.62
NO (ppb) 6.50 322 1.00 152 433 15.5 37.4 7.46 68.0 7.46
NO, (ppb) 26.0 37.2 12.0 71.0 47.0 34.0 14.2 2.84 68.0 2.84
NO, (ppb) 34.0 69.4 13.0 213 82.8 51.0 48.8 9.73 68.0 9.73
0Os (ppb) 3.00 12.8 1.00 61.0 18.3 9.50 12.4 247 68.0 247
CO (ppb) 400 608 200 1400 700 500 254 53.6 61.0 53.6
CH, (ppm) 1.94 2.13 1.79 2.78 227 2.06 0.26 0.07 42.0 0.07
NMHC  (ppm) 0.22 0.34 0.11 1.05 0.45 0.27 0.18 0.05 42.0 0.05
THC (ppm) 2.18 2.47 1.94 3.48 2.76 2.39 0.37 0.09 42.0 0.09
PM10 (ug/m?) 36.5 66.3 21.0 743 67.0 47.0 90.1 18.1 67.0 18.1
PM2.5 (ug/m?) 16.0 29.3 8.00 77.0 38.5 27.0 16.6 3.33 67.0 3.33
TSP (ug/m?) 60.8 127 23.0 1425 109 78.0 219.0 55.6 42.0 55.6
(B) Environmental parameters
Hg (ng/m?) 1.76 4.26 1.33 11.2 4.64 3.41 3.40 1.77 10.0 1.77
wsd (m/sec) 0.53 1.03 0.00 3.00 1.40 0.90 0.66 0.13 70.0 0.13
TEMP (°C) 5.28 13.0 -1.10 27.9 18.4 13.8 8.04 1.58 70.0 1.58
RHY (%RH) 473 61.4 23.0 92.0 77.0 60.5 18.1 3.56 70.0 3.56
uv (mW/em?)  0.00 0.30 0.00 1.79 0.54 0.02 0.43 0.10 46.0 0.10
Solar (W/m?) 1.00 137 0.00 708 241 1.00 195 42.1 58.0 42.1

USE : Standard error
ACI : CONFIDENCE
YWS : Wind speed

YRH : Relative humidity

RDE 403 dB, NRE 223 dBE = z}o|7} 18 dBE
Aol £2FE9 o7t Y FE AS &
T Atk ¥EE7)e] B9 3 AFOA1 ] RDE 60.7
dB, NRZ 450 dBE = }o]:= 157 dBE LFEFT)
olo] nksl, 42 AFYlA = RDE 344 dB, NR< 209
dBZ 13.5 dB9] #fo]2 &57]9} T2 S BT
a8 3.9 AFIAE Y77 B 1 2o IR &
=5 & 5 AUtk

35 XE % AlZiHE A8zl SAH
Fays|

2gEe] BEAES WA Hrtstr] A shte
AEZ2 F7H 712 NRI} RD)H A7 71E@ s
7] diy] v)gE7))e] xpolE SAH R s 9
Slod A8 W t-B| 2 E (paired t-test)S W02 AA|E}
At o] & AZHEE 579} 31@571 F7E 2
NRA| 37} RDA|H Q] Zol& FoFE 5% 71T
2 v 2 TH(Table 5). $AHow Amté zpol & &
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Table 4. Continued
0.25th . 0.75th . cr?

percentile Mean Min Max percentile Medium SD SE” N (90%)
B. Active period (06:00-22:00)
(A) Air pollutants
SO, (ppb) 4.00 5.84 1.00 20.0 7.00 5.50 3.57 0.54 44 0.89
NO (ppb) 9.25 24.6 1.00 118 27.5 14.0 27.8 4.20 44 6.90
NO, (ppb) 25.0 343 13.0 59.0 43.0 33.0 11.8 1.79 44 2.94
NO, (ppb) 34.8 58.9 17.0 164 72.5 48.5 352 5.30 44 8.72
O; (ppb) 5.75 15.8 2.00 61.0 20.8 13.0 13.1 1.97 44 3.25
(6[0) (ppb) 400 546 200 900 600 500 162 259 39 42.7
CH, (ppm) 1.93 2.07 1.79 2.57 2.15 1.98 0.22 0.04 26 0.07
NMHC (ppm) 0.20 0.30 0.12 0.63 0.38 0.27 0.14 0.03 26 0.04
THC (ppm) 2.16 2.37 1.95 291 2.54 2.36 0.28 0.05 26 0.09
PMI10 (ug/m?) 34.0 55.9 21.0 245 63.5 47.0 36.6 5.52 44 9.08
PM2.5 (ng/m?) 14.8 27.1 8.00 77.0 36.3 26.5 15.1 227 44 3.73
TSP (ug/m?) 64.0 102 23.0 516 109.0 85.0 91.3 17.6 27 28.9
(B) Environmental parameters
Hg (ng/m?) 1.76 3.55 1.37 9.12 4.15 2.20 2.98 1.21 6 2.00
WS (m/sec) 0.70 1.12 0.10 2.60 1.50 1.00 0.63 0.09 46 0.15
TEMP (°C) 6.25 13.6 -1.1 27.9 19.3 14.2 8.16 1.20 46 1.98
RH (%RH) 46.3 56.8 23.0 90.0 72.8 54.5 17.9 2.64 46 4.35
uv (mW/ecm?)  0.02 0.46 0.00 1.79 0.71 0.38 0.46 0.08 30 0.14
Solar (W/m?) 8.25 209 0.00 708 374 155 208 33.7 38 55.4
C. Inactive period (22:00-06:00)
(A) Air pollutants
SO, (ppb) 3.00 4.88 2.00 10.0 6.00 5.00 2.01 0.41 24 0.67
NO (ppb) 4.50 46.2 1.00 152 76.3 36.5 48.0 9.8 24 16.1
NO, (ppb) 29.0 42.6 12.0 71.0 573 41.0 16.8 3.43 24 5.64
NOy (ppb) 30.5 88.8 13.0 213 138 78.0 63.4 12.9 24 21.3
05 (ppb) 2.00 7.38 1.00 35.0 10.3 3.50 8.79 1.79 24 2.95
CO (ppb) 425 718 200 1400 975 650 343 73.2 22 120.3
CH, (ppm) 2.05 223 1.83 2.78 2.39 2.18 0.29 0.07 16 0.12
NMHC (ppm) 0.22 0.41 0.11 1.05 0.46 0.42 0.23 0.06 16 0.09
THC (ppm) 2.31 2.64 1.94 3.48 2.92 2.66 0.45 0.11 16 0.18
PM10 (ug/m?) 40.5 86.0 27.0 743 75.0 48.0 145 30.3 23 49.8
PM2.5 (ug/m?) 21.0 335 8.00 74.0 48.5 28.0 18.8 391 23 6.43
TSP (ug/m?) 57.5 171 43.0 1425 111 71.0 349 90.1 15 148.1
(B) Environmental parameters
Hg (ng/m?) 3.49 5.32 1.33 11.2 6.20 437 4.18 2.09 4 3.44
WS (m/sec) 0.40 0.85 0.00 3.00 1.08 0.65 0.70 0.14 24 0.24
TEMP (°0) 498 11.7 0.00 242 16.7 12.3 7.83 1.60 24 2.63
RH (%RH) 64.8 70.2 35.0 92.0 823 72.5 152 3.10 24 5.10
uv (mW/ecm?)  0.00 0.00 0.00 0.02 0.01 0.00 0.01 0.00 16 0.00
Solar (W/m?) 1.00 0.80 0.00 1.00 1.00 1.00 0.41 0.09 20 0.15
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Fig. 1. Comparison of noise levels between active and
inactive period at RD and NR sites.
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Fig. 3. Comparison of noise level between RD and NR sites
at different time bands.
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Fig 2. Comparison of air pollutant concentration leuels between active and inactive period.
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Table 5. Results of paired t-test between different sites and between different time bands
A. Results between NR vs. RD sites

Sound NR RD
(Hz) Active Inactive Active Inactive
31.6 224 21.1 36.8 322
63 332 31.5 48.9 43.6
125 38.3 36.3 53.6 494
250 422 39.7 57.8 54.7
500 46.8 435 61.6 58.6
1,000 48.3 45.1 63.4 60.7
2,000 47.0 43.1 61.9 58.4
4,000 43.8 40.4 56.8 52.4
8,000 355 33.7 483 444
16,000 223 20.7 40.3 344
Mean 38.0 > 355 53.0 > 48.9
p-value (t) 1.59E-05 (8.3) 5.84E-07 (12.4)

B. Results between active vs. inactive periods

Sound Active Inactive
(Hz) NR RD NR RD
31.6 22.4 36.8 21.1 322
63 332 489 31.5 43.6
125 383 53.6 36.3 494
250 422 57.8 39.7 54.7
500 46.8 61.6 43.5 58.6
1,000 483 63.4 45.1 60.7
2,000 47.0 61.9 43.1 58.4
4,000 43.8 56.8 404 52.4
8,000 35.5 483 33.7 444
16,000 22.3 403 20.7 344
Mean 38.0 < 53.0 35.5 < 48.9
p-value 1.25E-10 (-32.4) 2.99E-09 (-22.7)

Table 6. The result of correlation analysis between the noise level and air pollutant concentrations

Significant Significant
Code Point a)° Insignificant N

Level 1° Level 2° @ £ (%)

All NR 27 104 0 247 378 34.7

RD 43 118 0 217 378 42.6

. NR 26 70 0 282 378 254
Active

RD 40 66 0 272 378 28.0

. NR 24 76 2 276 378 26.5
Inactive

RD 27 62 2 287 378 23.5

a. Level 1 = Correlation is significant at p<0.05 (2-tailed)
b. Level 2 = Correlation is significant at p<0.01 (2-tailed)
¢. (a) = Can not be computed because at least one of the variable is constant
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