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Spatial Distributions of On-road Ultrafine Particle Number
Concentration on Naebu Express Way in Seoul during
Winter Season
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Abstract

To understand the traffic emissions with high temporal and spatial resolutions on road, a mobile laboratory was
developed. The objective of this study is to characterize on-road air pollution on Nagbu express way surrounding
the northern area of Seoul, Korea. We measured the number concentration of ultrafine particles larger than 5nm
and particle size distribution using a condensation particle counter and a fast mobility particle sizer, respectively on
3, 7, and 8 December 2009. The average ultrafine particle number concentration on the Naebu express way
excluding tunnels was 126,000 particles'cm® and 4.2 times higher than that on internal road at Korea Institute of
Science and Technology in Seoul, and more than twice higher than that measured on and at the arterial roads of
Seoul in previous studies. The maximum ultrafine particle number concentration was observed at the tunnel
sections. It was 232,000 particles/cm?® and 1.8 times higher than average ultrafine particle number concentration for
the other sections on Naebu express way. The ultrafine particle number concentration on the wider roads with
higher traffic volume along the Han River was similar to that in the residential section, probably because of
enhanced dilution effect in widely open environment. The size distribution of particles on the Naebu express way
was highly fluctuated for a short duration. Ultrafine particles measured at the tunnel showed a bimodal size
distribution with mode diameters of ~ 10 nm and ~ 50 nm. At the Han riverside section, ~ 10 nm particles appeared
significantly compared with size distribution at the tunnel. This on-road measurement approach can be utilized to
manage vehicle-related air pollution in urban area.
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Fig. 1. A driving route and main spots on Naebu express way in Seoul, Korea.
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Table 1. Summary of passed time at main spots.
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Main spot Passed time (hh:mm:ss) Main spot Passed time (hh:mm:ss)
No. (Sungsan No. (Mgjang
1 KIST 10:59:07 11:14:40 16:36:50 1 KIST 16:35:03 15:35:54 10:10:29
Gilum Ramp 11:08:12 11:26:43 16:46:36 12 Wolgok Ramp  16:42:05 15:44:26 10:17:47
Jeongneung Nacbu
3 Tunnel 11:11:31 11:32:19 16:49:49 11 16:48:04 15:50:03 10:23:13
Express Way
Entrance
Jeongneung . . . Dongbu . . e
4 Tunnel Exit 11:12:59 11:33:45 16:51:16 10 Express Way 16:49:59 15:51:17 10:25:28
Hongjimun
5 Tunnel 11:13:11 11:33:57 16:51:28 9 Banpo Bridge  16:56:13 16:06:28 10:31:48
Entrance
Hongjimun a e o, - .y 2 27,
6 Tunnd Exit 11:14:47 11:35:38 16:53:03 8 Mapo Bridge 17:03:38 16:13:35 10:37:46
Gangbyeon . . . Gangbyeon o . e
7 11:22:26 11:42:59 17:01:00 7 17:08:54 16:19:01 10:42:57
Express Way Express Way
. o . . Hongjimun . . o
8 Mapo Bridge 11:31:55 11:46:52 17:05:57 6 Tunnel Exit 17:16:31 16:27:24 10:57:12
9  BapoBridge 11:4304 115404  17:1400 5 _ ONIMUN 0947 160914 11:01:06
Tunnel Entrance
Dongbu 49 £Q- 10" Jeongneung 10 90" .01
10 Express Way 11:48:53 11:58:32 17:19:36 4 Tunnel Exit 17:19:50 16:29:26 11:01:20
1 Naebu 1150:54 120004 172143 3 _ONOMRUNG 4oo104 163105 11:02:54
Express Way Tunnel Entrance
12 Wolgok Ramp 11:56:32 12:05:35 17:27:12 2 Gilum Ramp 17:27:17 16:36:28 11:06:02
1 KIST 11:59:07 12:08:07 17:30:38 KIST 17:38:09 16:46:57 11:13:27
Travelled time 01:00:00 00:53:27 00:53:48 Travelled time 01:03:06 01:11:03 01:02:58
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Fig. 2. Traffic volumes on the Naebu express way in
Seoul, Korea.
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on the Naebu express way in Seoul, Korea.

-KIST 38)3} 2-& vyesz 2

_E,
vs)
_{

N
[N
A

l:llo
lM
ol
of
A}
)
2
&
rlo

ol 244

o,
46+ 14,

U]-X]—

Ay

(<2

—_

[oX
o
2

e
4

N

-

ok

<
=
o

=
rlo

E44£
o Lo
o N
-

+ 32
£
oX,

i
'_\
~
=
3
=2

£ 30 ok

& o o %
S =

o
==

ala) sk
FalolMe 3Uzt FEgwst 22
46+159 45+ 14 km/h= 8|53} o)

W9l WALLE 24T 4 i fast mobility par-
ticle sizer (FMPS, TSI model 3091)2} 5nm o]A+e] <]
A 4 s=E v 1zvid A 4 9l condensa
tion particle counter (CPC, Grimm model 5.403)=- 4
Aselom, ML 2 o fel i i 9, Amo
B 2m ol W7 o] 48mme]x He]7} 1.6mel &
FEIRE QA APz w24 dole
Jskeieh CPCE: vlzrict fasat 4719 H=
£3Yslnz, o] & So] 100,0007H/cm® 2] 75

2352 1007)/cmPo|c}h. FMPSY] 79 7+ 4]
A o)z Ak =7t F4% Aopxd] of
3007)/cm® o]8} 43e]t}. MLo] 50 km/hz 33 4]
Fo) oA BMET 2719 14m/sE Z7|A B85}
T4 FHFHHANA ol 0.6m/s7h H A Re
ynolds 4=7} 1900 =302 YR §Fo] 2577} Hx
= ‘éﬁl%}“ﬁ} o] @ W7e] 150mm= Sl w
A 4L 0.1m/sE Y3 T AxA EHE o8
3}eq FMPS&} CPCe AZ3 7)1 47 10,03
L/mine.2 &slsleich

W71 298l mUEY A=E 9AYR % +4
Husk AEAL 5 Yes Aol 2 APgn A
A|2Els FE3ic) GPS (Ascen, GPS741) 2 o]-&-
ahel v 1zvle 9%, A, A AiEE delEl
HrobA] A Abeksdar, ML 2p4e] 60kmihe = 3213l
A oF 17meinh 224 o7l e g Ed e S
ok Aol 7]AAM] (weather transmitter, WXT520)

Hl
o off A zor o

(<]
% olg3te] 7|4HuE <dglor] FMPSSE CPCH
A% g SxEY )T o] g3tel 24 deolEE o
o

932, GPSe} 714 = DAQ board= H| o]E| =
Aol ®Wro} - E Rof| AT} 7| AN S R=
3 MeAl F2T 9% AWS H oS AHE3)
37,2009 12% 3,7, 849 =AV|7F F oA/ F
o 7]+& 77} 4.5/5.0,2.0/4.1. 1.3/3.6°Co] 2l 12,
o F42 77 3.4/25,1.3/3.2, 1.7/1.6 m/so| it} T
A" A=) ML A AN 254 Apolol] A
2|8le], T2A A EAFE T =2 wEASS
71Sseeh 2 ATl AT mE SAAHE ML
A el X Hgom, AR TFel APHelne
ML =hake] QJElolelsl 12V Akel4 wiEle] 472
Wz 9dsa AWEE Folel 20V AR
HIAZl = 7)7)e FF3T) 129 39 oA
FMPS g o] ¢} 1294 3¢ 114 46% o]&

i& o O}ﬂ

72 ¢

E—J——

»‘1

J. KOSAE Vol. 29, No. 1(2013)



16 $o) - o5 - o)) - A - AW - Qe - WA

A9l CPCH oJH = F4l 272 sl A= 3770
| — '\_;'II
37.65 | {
_ I X ngneung
3. éﬂl' gl _T'_,g Hongjimune% /(;ll::p"
’8‘ 3760 : Tunnel g b
P L s ol o §’ ’ |I e _# ENaehu - KIST __:'
3 _
3.1 LHTT'_' Eo EDIA1I xl' E—I é/ J f\‘ xx:;ss 1%
ZUEE 53 £ TINA
2 Q7o 24T diedesd zoAge ) é'r‘i’i’:’\e\\w/ Wy
4 FrE 3% 4e JEpd 129 79 by e T A Bridge
- \
Az} oA g} zEo] $IAAHHE o] gl AmAtel = A
A& 5 gleomz 2t LPEe] A FIHE e L L o8 e e
Z 5A4%& vt 4 9ok 23 4ollA GPS A3k ® 160000450000

o
= 126 80 126 85 126 90 126 95 127, 00 127, 05 127.10 127.15
of §ATE B el Ag Aol dsiu
7Hdste] B9 ute) $l= 9 A=g Wilsle] 91X
T3tk 13 5ol CPC A A4S o] 43} Fig. 4. Spatial distribution of ultrafine particles >5nm on
_7_7‘_}% 0\3 z} S rx Bys box p|0t oz the Naebu express way in Seoul, Korea on 7 De-
cember 2009.

Longitude (degree)

drehgish TRl F0geh AEE s
94} Fe 4R vehiglaL, 25%

s 75%¢] MEE iz dehiglen, 10%s A 4 Fwe] 3

0% W ¥4)% W el Suies vehigsh 3o v A

5% w|uts}k 95% %3} dlelElg AEz vehidd. AR 7E FFE Akl 9A & sEs 20004
KIST R === F3fake] vl A, wEsfe]l @ 129 39 o4, 8% oF At we] A% 747

Ei(—!ﬂ— ez g Ftz)el 100m o)At 4 137414, 1511667} /cm*e = velton 129 39 &
ﬂﬁ demz, 2 Ay Fdee A eEr b F 79 9%, 8Y oA wpg Wil s A4

Fole] 7 22 VA 4 5wo) lmes] Aslel 144195 1274439 181044 o = Lk, A
Wyeges 2457 A% S22 A4 38 KIST Aoz opsd w5 o7 4 wx sl Aol §41
WyEee Sqstodeh 13 54 BEe]l BE & b ehtow], Fa et 2 o4/ e T we

RolA KISTHRE2A QiAo BF 4+ $=E 1} ox =4 dalch Bd 702 4193 vregs
WA F2bel Wlsel At os pFom ok B WE QA & FEE AL A4S dEale £
A 9el Cwt D 7ol A 72 F AR & A ZAE FET =074 G5 o) Aw

) °¥ﬂ °>

= ¥27t 7w vebsden, 7 239 1 A 1P, ol F&o] 242 M e} 7
=7F & A eldell YA 7239 w= w91l A7) wjeltt & 2004 124 3 oF vpy Wil
A QAR RS A Atk ALz Ak 4 s 50,3047)/cm’e At

FA7T T vl o 73] ARl of L7km= zta 24

Ml wmlem F7p g w
%

%
4 2% $FS ulwsbd, C(368,66271/cm?) >D A 7bE 28 o & Folr] FAl E<k Aewr)

(334,7377)/cm?) > B (139,1377)/cm?) > 1 (133,6697] ~ #AZ% Eo|3t H = xgz}f‘ﬂ—u]-, =3k 722 3(b)ell A
lem®), K (133,66770/cm®) > G (129,4587]/cm®), A ®o] wpa uhdd H 77ke] 72 129 798 A7}
(129,4067)/cm?) > J (127,14970/cm®) > E (125,2497] A& I x<go] Yz = @g} A4l o] 8F 22Fo)
/em®) > F (123,1127)/cm®) > H (118,3667)/cm?) =2 C,  ¢l=d], o] w A} & ex Iz 304 HEo] 2}
D 77t BdelA 7Hg 2 4 w=rt SAENL Fo] ¥ 29 of 0% fFEo= Uttt (Kittelson

w, o] slol] 770 Aol =A| sk etal., 2004).
= 20] Aab wRis) whg ] 7bd zn)A

= 7187432 A 204 Al 1s



Aed A Wyene w2y 2o A0 090 FREE 54 17

& a
Z 1000000 Z 1000000
o o
8 8
S 800000 - ] S go0o00f ]
E g
5 s
& 600000 - . 5 600000 8
S 400000 t o ] S 400000F : ]
z h '
5 20000 I T 5 200000 ] _ é D I
5 é : ; 5 BH- - 87
2 2 2
&F o= - - FoogLls T 0 TES s
SatA B C D E F G H | J KEnd SatA B C D E F G H I J KEnd
Section Section
(a) December 3, Sungsan direction (b) December 3, Majang direction
n
T 1000000
o
8
S 800000F ]
o]
=
o
o
% BOWOO, |
B
=
S 400000F % .
jor]
=}
[S
2 2000001 . < s, . ° . 1
Q
SatA B CDEF G H | J KEnd
Section
(c) December 7, Majang direction
%‘ 1000000 mg 1000000
8 8
S 800000 | 1 £ 800000 ]
] o]
o 2
£ 5 :
£ 600000 - . 1 g 600000F h
S 400000 [- . 8 S 4000001 o ° . .
3 v 5 3 :
g : = . ] .
= 200000 Eé : g% 1 2 w0l . . é%é é ]
[} S o2 o F Q
S u L g B & R %
& o= O O @ O OOO=* & = T =
SatA B C D E F G H | J KEn StatA B C D E F H I J KEnd
Section Section
(d) December 8, Sungsan direction (e) December 8, Majang direction

Fi

g. 5. Box-whisker plot for variation of the particle number concentration measured by a CPC. Upper and lower boun-
daries of the box indicate the 25" and 75" percentiles, respectively. Thin and thick lines within the box mark
median and mean values, respectively. Whiskers above and below the box indicate the 90" and 10* percentiles,
respectively. 95" and 5" percentiles are shown as symbols.
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Table 2. Statistics of particle number concentration measured by a CPC on 3, 7, and 8 December 2009.

(unit: particles/cm®)

Sungsan direction

Majang direction

Section
Dec 3 Dec 8 Dec 3 Dec7 Dec 8
KIST 26,033+9,797* 31,422+1,119 24,776+ 11,158 35,206+ 31,612 33,477+5,467

A 121,595+ 68,329 187,566+ 81,770 123,338+ 42,487 97,210+ 50,155 117,321+ 37,574
B 127,123+ 48,479 199,471+ 59,205 144,476+ 57,792 98,940+ 29,739 125,675+ 33,229
C 298,722+ 82,907 408,152+ 124,604 324,697+ 94,191 318,696+ 111,576 493,045+ 82,697
D 284,349+ 92,688 303,528+ 50,794 303,151+ 79,987 333,618+ 71,764 449,037+ 193,877
E 114,819+ 89,209 136,845+41,408 86,253+ 22,996 127,960+ 47,415 160,369+ 109,149
F 125,815+ 58,849 99,186+ 29,236 140,743+ 39,733 92,633+ 38,307 157,181+41,355
G 91,259+ 45,401 98,555+ 25,943 212,887+ 58,009 102,602+ 21,967 141,989+ 42,277
H lost 74,652+ 26,938 143,505+ 56,700 106,339+ 33,671 148,967+ 41,208

| lost 177,006+ 32,447 50,304+ 9,457 94,169+ 41,630 213,196+ 89,856
J lost 166,488+ 43,267 94,420+ 45,984 101,775+ 49,352 145,914+ 70,711
K lost 186,553+ 122,056 109,245+ 53,872 93,199+ 41,029 145,671+ 64,185

* average standard deviation

Table 3. Summary of the particle number concentrations averaged by sections on the Naebu express way.

Particle number concentration ( x 10° particles'cm?)

Section This study References

>5nm 5.6~21nm 21~100nm  100~560nm  5.6~100nmY  >10nm?

KIST 30+5 5+2 20+5 7+3 13°

Entrance (A, K) 130+34 53+20 81+21 13+3 25° 133+15°

Residential area(B, E, J) 128+25 62+ 16 66+ 12 10+3

Along the Han river (F~1) 124+30 58+ 28 63+13 10+2

Naebu express way (B ~ J) 148+20 72+15 81+13 1142

Tunnels(C, D) 232+46 192+ 70 238+58 24+6

Naebu express way 126+17 60+12 65+ 10 1042 74 140+ 48°

excluding tunnels(B, E~J)

“+” indicates standard deviations. Averages of traffic volume and driving speed in this study were 161,600 vehicles/day and 48 km/h, respectively.
YHagler et al. (2010) (North Carolina, USA), Average of traffic volume and driving speed were < 500~ 87000 vehicles/day and 40~ 91 km/h,
respectively. 2Schneider et al. (2008) (Aachen, Germany) “urban background, Parterial road, highway or motorway

3.2 YEaszA Ro/MUx UHERe
Z7ez 53

21~100 %4 100~560nm
¥3te] 19 6ol e Aoz Siape] 4
Bws} e A7 ek 2 Foz walglw, 100nm
ojakal §3z7F A A o] St

A e] Fbell A ZuAI AR 1 A gke] -
AR 29 6(@)2] G~1 771, (b)) J 72, (d)<]
B, J 77} (2] D~E 7743} 7to] 21nm o]}kl <A}
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Fig. 6. Variation of the particle number concentration measured by an FMPS (<21 nm: black line, 21 ~ 100 nm: red line,
>100 nm: green line).
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Table 4. Coefficients of determination (R?) for particle number concentrations measured by a CPC and an FMPS with

distance in tunnels.

Sungsan direction

Majang direction

Sizerange Dec 3 Dec7 Dec 8 Dec 3 Dec7 Dec 8
N2 H2 J H J H J H J H J H
>5nm 0.72 0.94 - - 0.98 0.92 0.89 0.91 0.76 0.99 049 092
5.6~21nm - - 0.08 0.87 0.63 0.75 0.88 0.25 0.38 0.71 080 0.65
21~100nm - - 0.94 0.98 0.97 0.99 0.95 0.97 0.90 0.96 089 094
100~560nm - - 0.89 0.72 0.16 0.28 0.84 0.91 0.94 0.91 094 0.82
5.6~560nm - - 0.59 0.97 0.95 0.95 0.94 0.94 0.74 0.97 043 092

D Jeongneung Tunnel, ?Hongjimun Tunnel
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