St EZASES|X|, HM|343 H|35(2024) ISSN 2384-132X(Print) ISSN 2289-0564(0nline)

Original Article

Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(3): 214-221

https://doi.org/10.15269/JKSOEH.2024.34.3.214

CEE B2 OHH

H x| {22

rHI

Comparative Analysis of Particulate Matter, Black Carbon, and Noise Levels Before
and After Installation of a Safety Wall in a Pedestrian Walkway within an Urban Tunnel
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ABSTRACT

Objectives: People using pedestrian walkways within tunnels may be exposed to environmental hazards that can
have adverse effects on their health. This study aimed to measure changes in the levels of particulate matter
(PM10), black carbon (BC), and noise after the installation of safety walls on pedestrian walkways within tunnels.

Methods: Measurements were taken at the entrances on both sides of a tunnel and at the central point, both before
and after the installation of pedestrian safety walls. Additionally, measurements were conducted by distinguishing
between non-rush hour and rush hour periods to account for variations in the number of vehicles using the tunnel.
A SidePak was used for PM1g measurements, an aethalometer for BC, and a sound level meter for noise.

Results: PM1g showed the highest concentrations at the center of the tunnel at both pre— and post-installation
of safety walls, as well as during rush hour periods. After the installation, the concentration at the center was 31.09
+ 14.02 ug/m?® (19.44 + 8.02% increase). During rush hour, BC concentration reached 2.28 + 1.55 ng/m?®,
indicating a 26.71 + 13.19% increase compared to non-rush hour. As for noise, installation of safety walls reduced
noise levels about 3 - 6 dB (8.10 * 3.31% decrease).

Conclusions: It was confirmed that installing safety walls on pedestrian walkways within the tunnel can reduce
noise levels. However, the interior of a tunnel is a poorly ventilated environment, and exposure levels vary
depending on the length of the tunnel. Therefore, the development of safety measures related to this issue is
warranted, and further research on harmful substances within the tunnel should be conducted.

Key words: Black carbon, noise, particulate matter (PM1o), safety wall
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T % ke BdolA EARE FoidAb &
AoH o] Fr= 0 2 FJTF= vH
s FEo® HUHJCHEEA, 2021). HY

= 7 E20A9 3 2ol tE7] wizol B4
oA st dxHE £, E7HE(black carbon,
BC), &%, WA, ¥HE3¢E=Z(polyfluorinated
substances) & 2 FAIIA7E A FF=
2 4= lom &7|7 & o|Fo] AA| = EAZ 7HA
222 7FsAo] AtkKirytopoulos, 2014).

WA, ZAoA 9 tf7] L AEd 5 8 d F ot
U T2 9 wgoA sk A 4ot
(Amato et al., 2016; Custodio et al., 2016). £73],
gy 22 ubdH gAoA9 37 F dAT =4
hgol 8 Rl Elolo] miE=E QIR FBXI, Hio]
3, k¥ uE 23, I83 wj77rA ol o
(Querol et al., 2004; Thorpe & Harrison, 2008).
ojlg|gt ZAIE siZdst] fste] wi7|7kAo] gk 7|
= A= 59 o7 FAE St gt 7les
o] Ao EAE oL} AA| o]Hgt 7|&o] 8= A
Fo| FolA EXlo] TAaFth= Ao et == 2
= A9 Q= FHo] AHoltHAlves et al., 2015). °|H
ot YRS o A&HRE =EHUH dEHeE
AR AR o8}, 387 9 &87] ARG, RARIY,
¥ AN Y A AW &+ Sl
(Silbajoris et al. 2011; Agay-Shay st al., 2013; Li
et al. 2013; Schifano et al. 2013).

BCx= 7HRlo] &5 S e A3EF 5 7MY &
St TS YAFS AR ilE= S0, =
2 9 waoA dYsk= FoEdE Qe A3
Brlol=d Aget AEEHN F2 ARHEEAHJansen et
al., 2011; US EPA, 2012). B9 ol &Ask= YAt
A B 5 HEAHE dR9 ESHAAR HAYcH=
BCx YAMS =43 tjEo] A7 58 RoiEZo]
H 4 YK Moreno et al., 2015). BC =&& A8%
A dght 557 A%hE 4T 5 Jlow AMFESE
o] okl A AthPatel et al., 2010; Gan
et al., 2011; Wellenius et al., 2012). #7]ofo]|A
APE =23y T 2HAVE BCOl &5+ 5h=
et 7P A ET 2-58) o =2 AOo=E YEET|I
ShdEZRl BE SolA =EEe At oS AT
Ao g2 AHHDons et al., 2012).
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olste] AYsHH 1 F B FYA| EATH= A2
HY Y HYPRE o] &dl= A= T8 Assh=
ARt SolA #8&ola EH A 4T 5+ Ut
(Lokhande et al., 2018; Pathak et al., 2018). &
5|, A&EAH0E AZo EE Aol HFE, A
g 18 59 WAt g wo] vkl
FHHXing et al., 2021).

ojgfg FolIAER Qg ALY FFE =°l17]
Aol == o, Apddr AR, AFEA D S ARt
S o8 WRto] AAEo] k. 11 FollA B ol A
A= e AHS AZSEEANA BHE Holl &4
Sh= B3R B29] /NS flste] 20099 FH A
AAAS Adgstal glom, o] Aol UAAR] HHE
Ao HE 531 QAT =20t WPt S2E 445
TE5H| izl E2oA WAst= FSfQIAte] A A
o7 LEEE P E9E & UL A= Ystn
UTHCho, 2010). E3L HE W k¥ HAx|o] &
Bz =& #E dET §dE o]8ote ARkl
HAgohs QHEZY] 5 9 A& 24 Aol ISH
o] glo], kY HX|Z Qg HyRofA 9] FoiEZ ]
"7t vl&stAtHLough, 2005; Chiang, 2009). w
ghA] B A= 5y H20f by HX] A - 59 H
g | BRA AR E(particulate matter,
PMo), BC, 181 &g S5kl H|wstalA} ity
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APt FAZES EEE o]8sh= o] H&
olgkil A=l 2% 24019 EFTAIZES AFS] o]
o] W2 0% SAE SHARRAZICRE ot
4o HY ¥E AF2ZHE 1 mA9] YA sitel T}
, 281 5 SYAR(GT2RE 2 60 m AH)<
site 22 ZP=UT. EHEY FE A< sitelofA
site37FA] HEZ 3¥ Fojn] HPE|IL sitel0]4]
site37H] HER YD uf, o]FAIZE E 7} siteol A
B 28 5E54E JdPste] 1283 APE Qe
o|& 3W HkE A5V 18] &4 F F 3682°] &
259} Figure 12 232 233}
P2 A TARH - F mHoZ FA
I 5202349 6DE ol 4 534 SHEZ
site @ 15709 dlolg &x)S Y5t

AN ol N, @

[ON]

gt
TFolAE 255, dAHS EEEHN PMo2 i
o2 3190 ole} I BC, 11l A S5t
IE AL HYPR9 FAAH, 181 AHOREH
1.5 m?olA AP AL} 255+ Onset HOBO Data
logger(UX100-003, Onset Computer Corporation,
UsA)ez A5tk PMe2 gAE SRR
SidePak AM520 (TSI, USA)7} AFEEI o HETHA
£ 1.48 pg/m’olqtt. H8FHS 1.7 L/minC & G4
=9t BCEAL 34 & o s 4 Xyt
+ Aethalometer (AE-51, Aethlabs, USA)7} AREEI3L
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Figure 1. The places where measurement was conducted. Left is before the safety walls were installed and right is after
installation
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4. Ho[y 2

FAESL R software v4.1.2 (R Development
Core Team, Vienna, Austria)s AMESto] BEX4519
ot B AgoA A9 A7 7 AE S HY
s7] 9ot WA A4 HFS Shapiro-Wilk test®2
AAIsE & Kruskal-Wallis testE Eoto] EA%o0=2
zol7t QA=A ALt AFHACZ Bonferroni
o]l AREEAOH FAAH 7942 p<0.05% 473
Blyi=

Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(3): 214-221



CHHE 2YZ oMM HX| Mol DIMER|, I, AF +F Hu 217

m.Z 1 L ZApo]A PMy 31.09 + 14.02 pg/m?, BC 2.28
+ 1.55 pg/m> ®Ett PMjp 31.09 + 14.02 ug/m’,
1. B SAZTA U 0| 2R U4 BC 2.28 + 1.55 ug/m’Z EAFCE Loju|sH

Table 19] B UiolAe] &x g, J2lm  (p€0.05) S7HIc
EYS 0]83t A=F &S Ayt TAF Ao

RAIZR] SEsh EZARIET RO WhE, BAF T 2) b M| & SNUNRIRE 2NELE R
£ EH2ARE de] L o Btk sl A, bEE AR B4 olf, ZAYRIA 8 20s0E

3} 30] 247I710] Auth o 4 oI Aolsll S Figure 201 ASFSISATh Siie 13} 20041 PMyost
o] oz HYTh HYL ol8F AW Yo TAF  BC BE FA Ao| ldte] o7k ASE iglont At

AT v|&3 43S B9} Hog HE F7lch=s AFS Btk E39], HY site

oME PM;y (BAIZF 35.29 + 14.56%, EIAI7F
2. B U }IXE sk 19.44 + 8.02%)2F BC (FAIZF 7.17 + 5.06%, B
1) IR SHUARIN s AIZE26.71 £ 13.19%)°] A 37 ot ERIskA

EEy AAE SAHANEAR 23E Table 20 Yet o &59 39, IH A TAF o|F BE SHHAA
et bdY SARS AL o]F, PMiodt BC &&= oA F4% EES EAth o] FolAE site20]49
7F 7% AAeIA B SURRE BEe EA 59, s EL/\VJOW 8.10 % 3.31% HAaTo=2H 7}
Bl B2 IAHACNN S APRE site20A F Bol £252 9 7 e aUE A

Table 1. Conditions inside tunnel

NS Non-rush hour Rush hour
B.C.** AL B.C. A.C.
Temp' () 15 21.19 £ 2.08 27.77 + 2.82% 20.6 + 1.79 29.03 + 1.11*
RHT (%) 15 35.4 £ 19.62 40.66 + 11.15 33.46 + 20.98 39.82 + 9.12
'Vehicles 50.0 + 1.0 48.33 + 4.16 100.33 + 13.20 94.33 + 11.59

“Statistically different values compared to each condition using t-test (p€0.05) $N: Number of samples, TTemp: Temperature,
TRH: Relative humidity, !Vehicles: Number of vehicles using the tunnel, **B.C.: Before safety wall construction, ***A.C.:
After safety wall construction

Table 2. Concentration of each measurement factor sorted by time period before and after construction (PMio, BC: pg/m?,
Noise: Leq dB(A))

Non rush hour Rush hour
PMo Black carbon Noise PMo Black carbon Noise
B.C.T ACT B.C. A.C. B.C. A.C. B.C. A.C. B.C. A.C. B.C. A.C.

2013+ 2316+ 103+ 125+ 61.04+ 6098+ 2581+ 2833+ 151+ 085+ 5604+ 5688 =
11.30 5.60 0.66 0.59 10.12 7.85 10.71 13.46 1.04 0.81 6.20 4.47

2058 £ 2249+ 134+ 140+ 6261+ 6164+ 2369+ 2081+ 178+ 178+ 6649+ 6349 =

Outside

Site1 12.19 8.30 1.29 0.71 9.83 6.08 6.10 12.89 0.99 1.02 7.65 5.77*

Site2 2094 + 2833+ 158+ 170+ 6216+ 6128+ 2603+ 31.09+ 180+ 228+ 6839+ 6286+
1273 11.48* 1.24 1.08* 9.91 7.18 6.88 14.02* 1.19 1.65% 6.73 6.79*

Site3 2127 £ 2275+ 1313+ 135+ 6358+ 6233+ 2404+ 3118+ 193+ 211+ 6637+ 6377 =

12.75 8.01 0.83 1.07 10.25 522 6.30 13.56 1.22 1.68* 7.81 6.19*

*Statistical significance at after safety wall construction compared to before construction (£X0.05), "B.C.: Before safety wall
construction, TA.C.: After safety wall construction
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I G7RsE FYARZE A9 glo] B ATt Zhe Q)9
=g

HEHg=E by AR o]¥ PM, Y =7t €
FLAHANA H8E = 2 RIS stEF &
(2011)9] Aol mad By EP2oAo kdy A
2] &, HE FAF A9 HYP=A] PMyy =7}
36 + 18 ug/m’E EYOom ol= E2of|A9] =gk
H|5to] oF 32% TAEZ Hoty Bt ol & ¢
79 HY FUYAFANMY =gt vkt A
(31.09 + 14.02 yg/m’)E HAou FHEC] QoA
L AR dEs 2792 HYsd, ol 2 gd9
Zo|2 Qlsto] FAIZIN O] PMy =7t 5579t 2
ZJolZ Holx| o= M} QHAY Alolo] A5l HIA}
= 5Oo= Qlst] 3717 BT & Ath= o] FE
Z AoZ ZZFHKim, 2004). HEEIZ T}
E79149 PMp9 sk QFel & xolE St
& Qo BHERFPE FAoA PM;pQ HrE &St
Zlo 8gQ] Zdol7t Zdoj Q3 A7sSt o]-85H &=
A5, ntAa 2E 52 Bote] 28V Eeske A
< d%5k= Hio|t

AP = PMe# BC 5= 4
ZRISIAT}E. PMio EAIZH

ASYAAE YRR S

TAIZE o o] 55t Aol B Wol7] g 4
Hot ™% PMo8] Bk SY¢F=IA 7P =9k
=t ol= SHdHo] MR  o]% HPAZEI]
YA A= Bigol A9 EA] got 3719 o]50]
A9l §lo] o]= Igt PMp8] FA7NsAEE HoF
At BC EZF AFF9] o]go] WolR|= E|TAIZITHY
7t AR FABEAY S716ke B HoiH
o FYAZNME 2 L5 HYOZE Hof PMy,
I 22 RIE= Qlste] sEHIo JFE W= Ao
& nolH BCY A, AFgolA 8 EE wi77kA
7t 7P 2 FF8RIeE AgE=t SHYAE S
k= AFa7 BE25E =2 v 295 Eo7]9
A9 ol sFo] AtiEos W EIAIIY, olE
ZJEZ QIR FA @A, Bd} HIE o]oj FAFE
2 QIste] site 394 F= =A SH=EUH. PMiodt
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BC7} kW3l A3 oA FARH o, &3]
Aol HAg o]F9] HY HIPE FYFEMA=
W BF =2 55 23E HI7)0 371-3AA
= F7Ho R AAsHAY WRES71E <A E 5
= F7H4Q1 Aul7F 8t Hiolth
g W HPASE S AX|gt o] %, AFo
BOoF QI8 WSk 439 77 Eol' & U3
SRRISFATHCho, 2010). ol= AlZHHe] &3} A3t
o] B IRl 7Fsston, 574 Ao HE A
Sheith. 539], 489 o] WA= site 2004+= H
ZAZE 712 8.10 + 3.31% TASH 2507 5y Y
HZo|A 71 71 A)Zto 2 HUjA == {04 7}
T ads 3aE HAth B3 EEARIAE
Ago] o]-go] F7Istl o= Ed= °|&st= A
9] S71& H 2 &gl =& 7ol Atk 19
o|l% &5kl Figure 3004 &1 7Fsst &, BHE &
= EHESt BYER0] gt AF7]F0] §lof, &5
Mg - AT oA 74, =4 59 FAFALAL
ERE 50 m oHjolA TAsH= F4ASY FAE A
2ksk= 41?1 68 dB(A)= A-&35t3itt. ol= YA H
g HIZ ¥ 50 meto]| oltE AlHo] Q17] wiiZoltt.
ERY] T2d - AsHH 71268 dB)y2 de «%b
o] FAY M| o]& A &0l HEFS IUT 5
th o] Qo =& &4, AF KSEASE FAL A
o] &3 ARt 59 RAE AIPTUTHH O E Qg
FFS Eol=t v ARHY Zo|tHEEA, 2021).
U @A TE2Y #& - AJA 7]Eof Bt A
2 Al42zx004 B W 3718& TSt QLo 4t
Shet4: (100 ppm °lsh@t d44HE (25 ppm ©[sh)
9 fAISHL lvk 13y ojv| s AdTEs
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Aol 71 B WollA W87 &4 H|stel &l
= Aot Bd o= &2 A= Ik 87|17}
A, dARerA, ARk, EARTIeE, ok
FEEeleA, 22 L HEE 5 ot Qcﬂnxéol &
At Marinello, 2020). I137]0)] & AiLojA &4
3t PMjo, BC 18|21 Zﬁ%‘:‘]’__i HY Y HYRER
A9] S FFIRE 24 Aoz A7 AUt L
2 A9 SHWEE E]'% F= Ao A LAYsk= Hl
717kA8} £ F71E F YU E S5kl quo}
Q710 BYP= by A= I3t wx Il RE
o}strlof Agbsttta W thgo s SA3GATL
=4 e Hdolglld 1&EE EdoA T}
aolg HRltk= Aotk gy ol&sh= A £
7H ¥R 8ok &5 2717 AXA =i BE
Hd Zol7} 500 molde] & o, 324 € "HY Y
HyxpolA JF2 v Hx9 ago] W7ssitt
(Lokhande, 2023). & dolA 54 Xget X
B ZoJ&= 9F 120 mZ HYS o] &st= g9 £
7F AHA R =X etk o] " W EY=ofA
9] &g 77 A SE= Ao 9= vFHS 7t
57301 Stk mRR|Ee R Bde] of £o] olE XY
2, 181 JAFERE o]ojR|= 2 dukEQl HE9
Pt AolE Btk E5], o|zdt EAYCE Qs
AFFe] Aol fFrEA= o] F2 s A9
35 SVt IS & AR wHn

V.2 E

7t SHAVIEA] =5 SSHI PMiodt BC
ARG o] HYPRo|M] FEIT HF T
o]

2 PMio8] =7t S7Fok= 730315 %}‘ﬂﬁ}%ﬂ_—i" o o]
o tf3t tiFo] Q1 EE= Hloltt,
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