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Spatial Analysis of Ammonia from Vehicle Measurement in Seoul
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Abstract

Ammonia (NHs) emissions contribute significantly to the formation of fine particulate matter (PM,s) in the

atmosphere and nitrogen deposition in ecosystems. In addirion, NH; plays a central role in the impact of air pollution on human
health and the environment, and efforts to better understand and control NH; emissions are essential. In order to understand
the spatial NH; concentrations in Seoul, vehicle measurement were conducted in the springtime and wintertime in 2020. As a
result, overall concentration of NH; show about 50 ppb in Seoul, Republic of Korea. Gangbyeonbukro (110.12 ppb) has the
highest level of ammonia due to car emissions in this study. In addition, ammonia concentration in Spring presented about
twice higher than wintertime due to ambient temperature and number of vehicles. This study can apply on the control strategies

contributing substantially to the compilation of NH; emission and prediction of future motor vehicle emissions in Seoul.
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ey, ol FA BAHE A= AA vlAEA F oF
30~40%5 Z}A| 3Tt (Song et al., 2020). FEA| S 2
SAA oAt 2] NH7F EAshe Aoz 4
A AR, shEA A, w71 A 2ol thE NH; &
Aol A FZstal Itk (Song et al., 2020). 3L A
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(Kim et al.,, 2020). 2020 & 7|5, S EXFE M=
2SS4 (https://www.molit.go.kr) & AF %E‘?ﬂ
ZF 24,365,979H°|th, EX] WA tjH] AFH5H

A& 3,157,278 (12.96%)7} 7 7|% 5,737,503HH
(23.55%), AAPSE 1,715,314 (7.04%)°] B3] of->
LA vebdh 20208 2EE ESE H] EEH,
5827} 815% % 7 WAL, 3EA), & 1}
+o 2 Ueyith Al 5532 9T
uefied petroleum gas (LPG), 5t0]E.2]
Ale] zm]/kﬂ‘ﬂx] Ay Qlole zEF &

Aol 60%= Wiﬂ‘}i
oo, I9A LAY T A HEET A4 4] 7]
o]&0] 40% = o]th(Moon et al., 2011). Z| A9
ofshd, AeAl oA B A WiE7TS 7
ol&0] 23.3%°1H, 53] =9] 8110 §la mf 7o
32.7%7HA] S7F3ETt (Park et al., 2020). F/L-FAFFE
o Akl A B 2nAIEA 7 S (Yang et
al., 2019), 2ol ofgt ti7]e @2 o shFut &Rt
AF RIT A S Alefstale A&A] AAof e oz
9 v]x]1L It} (Oh and Park., 2020). ©]ofl, & &
e AR e ] dete s LAt
59 AlRte A Sistal ot wEbA, w59
oz Qe 7| M avtes 3T 2 L9

O

‘Aol gt #ilE FAIE et 2FgelA BilEE =
HAFA SRl g@ebea (HC), Eateleta
(CO), HaAtehE (NOx) 5ol Lo, Al=ha] EAlof
92 (pt), ZeHE (Pd), 25 (RA) Y 22 ZUE 0] 85
ol 3712 RS FAo] A AAZNYRIS
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oIk

SR, 22 o] ofshw, AbEulgA)sL Rat

U2, 7|, M3, O[E, S017, HHi2lA

Ol

o TR 2 LPG Aol A oHge] NHy7F HiE
Fle Aog HIE T Ut} (Suarez-Bertoa ef al.,

2014; Livingston et al., 2009). 2¢] &}etAl2 35
2}eF 9 LPG Aol 22ty AFQEui ] o| A4 NH,

A | AYS-& LEPATH(Wang et al., 2019).
CO+H,0—CO,+H, 1)
2NO +2CO + 3H, — 2NH; +2CO, )
2NO + 5H, — 2NH; + 2H,0 3)

9] HEgA o 2R E, CO7} CO,= W= Mol
A A8 Hy7F NO°F Agsto] NH,E A/9%tt o
27| /4% NHy= SO, N02—4 Aol osl 2
AtotHs 9 SRALOFR O AJAIGHC) Ao LS 4F
HEH, A Eiﬂoﬂﬂ 2F &€= NH; 5
7bEA S E A QT B E T Qi S5 St
o Z2HoA SAH F2 85.51 ppbZE LEEOH,
29420 = 2R B E o] Yele AP A o7 W |
d #S49E AuEH By S04 F 200 ppb ©]
A7) B = QAT (Chang et al., 2016; Emmenegger et
al., 2004).
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Fig. 1. Schematic diagram of monitoring instruments using moving vehicle and navigation route.
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Fig. 2. Spatial NH; concentrations from moving vehicle in
Seoul.

41.35 ppb), L&+ (58.71 ppb), =1 (51.12 ppb), T
S (46.7 ppb), "5 (41.3 ppb), ST+ (38.44 ppb),
73T (37.23 ppb), FHT-(36.81 ppb), AT (36.74
ppb), T = (31.62 ppb), UHF<=EH= (25.42 ppb),
EAAEILE R (2513 ppb) w02 LERTH
A48 NH; s&=o ZFo|7F Uehh= olfi= A f+
Z2F zJo]o]| 7]¢lst Ao 2 mustc} o] A oL
oA AAIZE AEAl NH; sERE E29 NH, 5%
7t =7] "hizeolH =28 NH,0 78 &9 A
SR 7F F2HE SR 3 LPG 2] 229fo] 2
P P1A7] T Zo|th(Wang ef al., 2019).
WEFI NH; 5o IAE glsh] 918l 2018
MEEHA 1E5d AR 7] A5 W i
3 A v 5T ARE ZARFATH(TOPIS,
2018). 2 A 7|72 2020d0]8 2 2018 W EHF
ZAF Ao} 2jol7} AL 4= et FFAT A4
WEE HIH= AR 5% oJHE HEI glo], 2018
Wof| AFE wEwFo] A5 At sfjAof fofuet |
S mAA] ¢k AL 7Skt ST NH; &
Lo PAE 2% 59 715 290 HiAste] S A
717} HIZ3t 213& Bl sk 20 & shglek 11 ATt
AT 215 9] 2018\ W-ETFE> Hal 2,264 HI/AITES
2 Yepgon, A54 (74, 8%) 71 NH; =71 &
2 ARiEget gduy 2L 747 6,723 /AR,
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Table 1. Seasonal NHs, CO, NO, and BC concentrations in the Junggu area.

NH; (ppb) CO (ppb) O (ppb) BC (ug/m°)
Season
Avg Std Avg Std Avg Std Avg Std
Spring (Junggu) 50.8 209 699 468 77.9 91.3 134 1.14
Winter (Junggu) 31.9 43 552 261 134.5 108.0 1.99 0.76
Avg 41.3 12.6 625 364 106.2 99.7 1.66 0.95
Table 2. Overall average of NH3, CO, NO, and BC concentrations from vehicle measurement in Seoul.
NH; (ppb) ;
g M e
Avg Std P

Eunpyeong 51.1 4.08 2(12) 1,771 19.1

Jongno 31.6 2.94 2(12) 2,209 13.7

Ma Junggu 50.8 209 3(12) 1,795 18.7

y Gwanak 467 347 2(12) 2,509 16.4

Yangcheon 36.8 3.87 2(12) 1,828 18.1

Gangseo 36.7 3.06 1(6) 1,121 20.7

Nowon 58.7 4.21 2(12) 2,832 25.8

Jul Gangbyeonbukro 110.1 34.99 0.5(3) 6,723 23.7

Olympicdaero 68.1 11.42 0.5(3) 6,674 23.7

Au Songpa 384 3.72 2(12) 930 25.0

9 Gangnam 37.2 3.13 2(12) 3,110 26.8

1 Sunhwan Expressway 25.1 3.64 0.5(3) 5,650 -1.0

Dec Naebu Expressway 254 1.99 0.5(3) 3,803 -1.0

Junggu 319 4.27 1(6) 1,733 20

Seongdong 41.3 4.86 1(5) 2,716 4.5

6,674 tl/A17ro19l oW, - A= 2,832 Ti/A|7t, 4}
T2 930 t/AIZEC 2 UERTE &, 5 71Tt 54
?F 28 NH; sk A 24 {52l vl=st
o =7 Yebkteh whebA AEA] T2 ¥ NH0 78

iEYe A f5T} we AP0l e Aoe B
s

AT 24 A7)0 HolE a}%_i A A
A} f50] o UHata (3,803 H/AIHSE 4

EEAIEEIEE = (5,650 “41/*1{?)94 NH; &=

4,25.1 ppbZ L= Y-= 58.7 ppb (2,832 TH/A|
7h B F0= 38.4 ppb (930 HI/AIRHHEOH W2
o3t ofofl tigh 1S Eelstarat Al ol
OE =2¥ NH; 555 At (E 1). 212 F

574 Ade 599 129 FLt A H AR =
g Aot & 10142} Zo] T NH
50.8 ppb, 12-&¢]| 31.9 ppb= F 1.6Hl i}om LE}
o} ek o2 NH,= 7Rt $jdgo
WsHA th7] Soz Shitenh A8 dtof ot
20°CollA 30°C= 2=7F 7V 73-F NH; S8
1.4~1.88] Z7}stct= B 117} QIc} (Fan et al.,
2011). & A9 59 54 2=+ F 18.7°CHeH,
129 574 2%+ B 2°C2 16.7°Co] 2]z} glo
™, NH; g oF L6l #Ho|7} Slrt. whehA 5 3 A
=9 T Hole ko] ot Aom A, A
A E2H NH; e 9 250 2 9 w1 9l

ch

Mo @ Ho 3L 2 o
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250 o3 ZHHct F, Z2H NH &= AR50l
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5t ko 2 AR},

AR 1470 217, 3AE] tigk =29 CO, NO,
BC 55 S7SIAth(1d 4). 1 A3} A k&
H CO9 HasEE 802 ppbE LERE O, NOS}
BCE 76 ppb2} 1.3 ng/m* 0.2 SAE Ut 54 24
H CO,NO ¥ £ BC 55 AHEH Co9 s
T 54 AHE SHOUES} ARHEER e
NH, 9} 5 d5t3ieh AR NH,7F Bl 2] 52 5
£ Hel $9= CO 57t F& o= A HSI.
F2F NO F&7} w3 &4 545 A% NH,,
CO%t FdoHA S-lodize} ZAHRes
9F NO9 5%+ NH; =7t 7P &
SEPAILS 4L 2 ettt BCol A
T A EE R A H W %7%1
TSEoH, F7HH o7 YRzt d5TolA
Al vebgeh 17 4049t 2ol 54 AHE Co,
NO % BC9| #k= NH;2 2 Afe)7h l3itt. o=
T2 NH, 555 245te 2% 9 AFHsd 9
o] e Q1 NH, o AP == A4 wWiAUZl 9
o I} mh=el Ao yhekect,

L&A E2H CO, NO, BC =9 EA2 &lst
7] S1ol A, AP FEE ZRISHIHH (& 3). C
o] W FE= & 608.8 ppb, 95 1,026.7 ppb, A=
399.1 ppb= UERELTE ARtA 0 &2 24 E 9] CO &

= 9F 200 ppbelH, th7] & CO HiEY, A& &F
‘:°ﬂ ofef F= W3Vt Q= Ao® dHA U
(Ghaffari et al., 2008). $FH A3Y 1o A 2FlE H
AR E2H CO FEv Bt 800 ppb=E LHEFHLS
™ (Do et al., 2013), 31¢] A3 A+ 2} F=3 A
oM =2 CO X+ B 2.27 ppm, 1.22 ppm =
B A7 ATk (Li et al., 2017; Lawrence et al.,
2005). °| 5 7|Eo 2 WHFS wf A =29 CO

HH‘

O

e}

el

FEE AAAEH O] CO FEHIHE &8 3o, =
2o HjZ o] Q= Ao = AL Ut A A
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Fig. 4. Local NH; concentrations from moving vehicle in Seoul.
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Table 3. Time of Day of CO, NO, BC concentrations in Season.

Season Time co NO BC
4~6 691.3 723 1.4

Sorin 7~9 754.4 102.3 1.5
pring 13~15 4932 60.8 1.1
20~22 496.3 53.5 1.1

Spring Avg 608.8 722 13

4~6 1021.9 21.0 0.8

Summer 7~9 1104.1 120.3 1.8
13~15 825.5 67.6 1.3

20~22 1155.3 99.6 1.7

Summer Avg 1026.7 771 1.4

7~9 528.0 262.8 37

Winter 13~15 266.1 66.7 1.3
20~22 403.3 150.0 25

Winter Avg 399.1 159.8 25

ool Hlof| 2 T E UErA] ISkt shAek Al
l:ﬂ NO OE__ j%l:li_ﬂq H Eﬂ O:]____,] L:.EJ_—_ 71—71—
72.2 ppb, 77.1 ppb <l H] ¥H5ll A-&H NO FE+= 159.8
ppbiz 7 Lt ol 91 £} ol 1
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and Astorga, 2018). TW2FA NO Hi&-2 2 f-53¢
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