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Concentration of Ammonia Related to Fuel-Types of Vehicle in
Urban Tunnel
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Abstract Particulate matter (PM) is well known to be greatly affected by the vehicle emissions, which can affect climate
change and the human body. Recently, the number of vehicles has been increasing continuously in Korea. However, there are
still very few studies on the relationships between ammonia emitted from types of vehicles. Therefore, this study aims to
directly monitor the ammonia both inside and outside of tunnel to understand the roadside concentrations of ammonia. As a
result, the average concentrations of ammonia present 110 ppb and 79 ppb for inside and outside of tunnel, respectively. In
addition, concentrations of ammonia show day time maximum at 17:00. The high coefficient of determination between
ammonia and gasoline vehicle indicates that gasoline-vehicle can be the main source of ammonia in the urban area.
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1. 3 14 ZHolA wl-$- Fastt =, ti7] § NHyx= &
;Ea] A 7]'/\E *]—/H %7‘\40] HZSO4 gl NOZE“‘I‘E1 }1\_

3}El, HNO, 9| 35| &2 Z1-83510] PM, = AJAljic

PM, sl oHrd ol 282 A PM, 5 249

20~80% 2 2}A|5t1L 9lom, o]t B =9 A
2 NOj;, SO,27, NH, " (sulfate, nitrate, ammonium,
SNA)Z &3 A Tt (Song et al., 2022; Sun et al., 2019;
Huang et al., 2014; Sandrini et al., 2014; Gentner et al.,
2012; Chow et al., 2010; Jimenez et al., 2009). =3I,
NO;., S0, & 53A]7]= NH, " 9] 7IAA A48

QI NH;9 5= 9 AF EAJE oldllshe A2 PM, 5

NH,= H,S0,9} A& 02 Hheslo] HEA L
SHA5] ZohE AT (NH,),S0,) E= Z5H41
RE ((NH,)HSO,) 59 3tehg-2 A3/ 3t (Brost
et al., 1988; Tanner et al., 1981; Brosset, 1978). ©]< tf]
7] % ZHESH= NHy= HNO,9F @& 9 S 0] £
B9 Hhgoll Fefste] NH,NO,E A/ _Ith (Olszyna
et al., 2005). t7] % NH;= tj7] slshih-8-S 55
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(NH,),S0,, (NH,);H(SO,),, NH,NO, & A5k, o] 53] 7F&d 29| ti7]|ed=4de A4st7] 91t
£ 42 Yo AtE STMIA 78S APl A LS A (three-way catalytic converters,
7| "Bt} (Olszyna et al., 2005). T} BA=220] th TWC)9F 2| 2Fge] 7] L d24 9] A5 917t Al
22 2.5um oot 27|15 72 Q7] wigel ti7] & e Fuff S AJAF] (selective catalytic reduction,
PM, 5 &2 afgsto] QIA| 47l orgaka mIXItk  SCR) 5-& A&5tal QIth(Farren et al., 2020; Wang et
(Wang et al., 2005; Ye ef al., 2003). al., 2019). SHA|Tt @AR7RRA| = 2} v Eof T NH,

7] & NH,; 9 HlEE2 Q914 840 2 7190 of ¥t 34 A £E53F Aol & Aollxi=
tct (Behera et al., 2013). HEAQ NH,9] L EYe A o5 EA -2 TA] 2|9 NH, 9] vj& EAS
2 S B A2 A 59 5 5] vk =<Is] -‘?4311 Bl 9 gl 59| NH; 5= B,
(Sutton et al., 2008; Hojito et al., 2006; Asman et al,  AFF A5 F7o| -2 NH, 5L 2| Hsl 52 £45}

=
1989). 53] T &5 A AA NH;9] 80% o3 ok 97 ﬁJJrL T *1 219 NH; 232 919
iEske 2oz e glom, AA 19608t Hlg ARE E8E 5 AL Ao Jtieith

AME 0]Z tf7] & NH,9 Z71 @4to] =gt
(Osada et al., 2019; Erisman et al., 2008). SFA|TF TEA]

Aol A4 vlsd It EFol FE °o|FA 3lom, 2.9 H

7] & NHy= ohefst vi7] sfshik-gofl oJjt tf7] 4

wol 7] hES] F4A4 L 59 BE T 9T 2.1 5% XH L I

T2 710 ® TA] A9 NH; 555 A9 of NH; 785 9l A=Al A+ &-25<lA ¥
At} (Shen et al., 2016; Hojito et al., 2006). T+ EA| 2= o AASH= 7 —/‘3,5} 2of YAt 32 & gy
]9 NH; 5= 19914 H7)E, =2 31t ulE 59 oA A5kl 19 19149 Zo] 32 Hd2
= 71 & Agstr]o] FIshH 50 ppb oldel v Zo] 1,700 m, H'E ?3?91 i} Fol= HSI= 7%
WA WEEE UYERATH(Kim ef al, 2021). ©]ofl < 22 13.6m, 5.2 me] 2715 7HAAL Qlek ERF HY
of =A] 2|99 NH, 9| 8 Wi g o R At 238, 2 LA et Zo] T 7lo) Tk Bld o], A=A

KE

1,700m g R pump
® ® AutoValve

13.6m Tunnel INSIDE

20m Tunnel OUTSIDE

NH: monitor

Fig. 1. Schematic diagram for NH; anlaysis of the H tunnel in Seoul.
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o}. NH,

A2 SB0| M2 =4
71 F AAZ 71 gdo|th NH; 9 42 EHEd Wl o4& 4 () (2)F Fal Alitstart
Fol oiofA o]FojFt ARH o R ZHS 99 105 W
_ 0,=0y,/n
g YF= A% 3 B AF FEHERE 20m ’
QHZ o 2 27 20 cm 371 WS A5k, HY R Z=(E~-m)/o, )
g X2 HE 20m HP2ZEC 2 27 20 cm 7] (95% A ZF7E -1.96 < Z< 1.96)
TS o2 njgy] Ax|ste] RE =A7]7|7F 8| Z|=H
S e v il B St v 1714, B 1A17F ) 107] ARlle] tist B 2t
ZA4 Yo AZstct 37182 18 m/se] W
3 , < e, m2 2HEe] S8 Ry v
£Eo g ZAA YRE FYste], ZSZ4 HFo H]
) N . ) tt o= 61 EEXZHAE YR, 0,2 A4 &=
2" NH; $471712 240 0t S44 W 37138 e o _
. _ Ao FAF ZFHAL, n2 BE 4, 2= A=
S 2RE Z47Eo 477 R FYE = 2T BT .
- = B} S YUEepdct AL A3 BEEE A] 95% AFE Y
=4 50l8 Tste] ol BARTE EA7|71e
2019 1¢¥ 28 18A15E] 2¢ 8 06A17HA] 12¥ &
S A ZAskelnh
3.2 ¥
2.2 NH; &d
2 AollA= Bl WHel )R] NH, & 54513 3.1 E'3 W22l 89| NH; sk
Z242 AAN7F ZAAH] (Los Gatos Research HE Y5 9 eRoA BE5H NH; 55 19 2
(LGR), ABB Inc., Quebec, Canada)S o|8stgom,  of Yetfict 8E Y- 9% NH; B¢ 5%+ 2424
=2 110.13 ppb, 78.83 ppb2 - =7 Yept & A+
% oA == By QK] NH, 5 5= A8 g4
A ALA] E2H NH; %= 25.13~110.12 ppb 5
Z1 GAFSFITH (Kim et al., 2021). BY U157} 5
QIRHT NH; 557t =2 o]f+= Bld WH7HH|
2 g Aol &317] wjgell g4t 9] 714 §ES,
SHES- 5ol HiA|= 7] ufizo]
[e)
b ¥l& NH; 558 UE

=
[e) =

L A

T

=
o} (Niu et al., 2020; Gaga et al., 2018; Chirico et al.,
2011). 5, B[ WiolM #=5E NH; 5= AA F

B gn] o] ek M= <0.1~400 ppbO| ™, NH;
7= &4 713 AR 347)E o]&al WSk
AZrzA e MEE o]gste], uf 1080ttt B
S
1=

Eld Ul- 25.9] NH,
- &5-9] F715 Wt A6k B4 Al NH; 5
Tt 7l EEe] EEohe AR 42S Allete, 6

3ol ofsf =

=5 NH, 9 W3S AmHH 20194 29 3Y

FH 20199 29 627H] 174 A7 7IZF NH, 5=t
A5}

i

W ZolH, B2 o|F= A HiE NHy7F 71 W
3 H7] efshitg 5ol osfl Rishe seet mehenh

BB i S

o] BRgte A5A 0 Agstdrk
2.3 XY 95 24
e AR Aao] Soh Fio] UEt 24 9
Atof| ZAI5] 713k Th (Kim et al., 2020). 7HEFs],
5 2ol 2] £4-& 25l HD Digital Wave Radar
(Smart Sensor HD Model 126, Wavetronix, Provo, UT,
USA)E AHE 3t o] F, o] £5E shelst] 9]
3 vt HEHS ol get B FEH (AT 0~6  S7ISFITE Alsie 717 EF A A
B)S Aottt BE FEHS floto] 1A7e of St Agel whE f-a kel A
oF 2 SRS vde wayo s BAsycy.  th Od 32 7 IR EES SR Ao mE
AF BAE 98 AN A F 180 5% F feee UEd Zolth AF2 9RE VEL
QAT 68 HESE) 1070 Alell A7 2 B2 1) R 2) A 2 3) LPG ARFo R R3S
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Fig. 2. Time-series concentration of NH; in tunnel and roadside.
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Fig. 3. Time of day concentrations of NH; with traffic volume of diesel and gasoline.

(Kim et al., 2020). 917| A, $-82H= 3dkg, €14
LPG, HIA/RV/EEL Zf ARE Aot A2
otk die 58t A, Ao LNG
Hof| {59 ARE ARESHAEE = 04%101]*%
olof] thgt Ei= F-aokA] ghgkom A B& 71E
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T AEo) ngﬁﬂ (Seo et al., 2021; Pelkmans and
Debal, 2006), t7] 24222 H#Ql t7] =23}
Ot F50] Sl HlEBA] BAT AP} okt
(Grange et al., 2019; Mayer, 1999). T3+ 2}&F f-5]
ofsf W= 7l e A=A HiE2 7EA o7 3}

800+ o 5 (m?¥veh-km) = AxUxt / [NxL]
- @ A:Tunnel cross area (m °)
5 600 P %JT'II'%rén(e; wind speed (m/s)
= @ N : Number of vehicles (veh)
S 400 © L: Tunnel length (m)
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> 200 ©000000000°
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£ 8] G| AF 75 iiETe S8 A= %)
Ut ApFof| whet Zpo] 7} QIARE 2}eFe] £
} 40km/holl A4l 80 km/h2 F7Fet 72 2=F g4
H]-&-2 °F 94% %75} (Wang et al., 2008), x}%u
HHIE 7o ® wbe 79 22 9] dH]E= 50 km/h
€} 70 km/holl A 2|1 Ao defA QUrt(El-Sha-
warby et al., 2005). ©]o]] & Ao A= NH; vi&=t
A Am FHO IS P gelstr] 96l
}a]: Zo) & gg g4 a9l o] _[Q[_/\]—E]- JI7He EA o].
Rom, A S S & NH, 5ot AHgo] &
7o FHBAE Aokt A wiETgoll =
H| 2= £EoF e 291S gelsty] fiste] A3
= AW E QT (Kim ef al., 2020). A3 Ao A
T A9 A5 712t HEe fEohs A £
£ AAlstgoH, Bd U di7l e d=4 wiEgel o
Fo n|Ae 2 89S HYREAT (8)2 Fdst
Al 1 sttt HEfsAl (8)= 28AY B
A), Bl'd Fo(L), 2 Az (o)} a2l 5
u E*(U) b = (N)oll ofsf A4 =, A3 A+
ofl A A 2hFe] Hot Hd-{-5ATE 119 40l
LERTE 1ol Aot ol di7| e d=A HiE el 9
T HA = A S 00AFE 10474 & F9
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Fig. 4. Time of day of car speed and Tunnel Flow Coefficient (Kim et al., 2020).
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Table 1. Relation between ammonia concentration and number of vehicles by fuel.

Holiday road (2019.02.03.~2019.02.06.)

Holiday tunnel (2019.02.03.~2019.02.06.)

2

2

r Linear regression r Linear regression
Diesel 0.0234 y=-0.9282x+ 1421 0.1951 y=-1.2271x+ 1550
LPG 0.0128 y=0.1753x+ 115 0.0073 y=0.0605x+ 122
Gasoline 0.6250 y=14.033x+ 1348 0.8032 y=7.2799x+ 1521
H| WA W2 10458 20A7HA & i e & Ak da 4.3 =
Tl W2 NH; &9 A S EA613I:

AR 717F 10A]7E 2047441 ] A|7HE NH; 5= B A3l gy AYS HiEro 2 218 §-50f 95
F A el AR 24 ANE B 1ol U wiEEs NH, 9] eS8 BAsteln) B3 Al A=
tt. Fo At Zo] NH, st A $7E A /55 71502 WEEE NH,9| 8 99 ¥7}
FEedo] duEA 4 4741 () Z2o4 AF  shch A A 5d YE] NH, B4 S5 110
0.0234, LPG 0.0128, 3} 0.625022 Uettom,  pop@ vepton] 9% 7|71} A dz 252 7]
Y W= 75 0.1951, LPG 0.073, ¥'¥7 0.80329]  F o2 NH,9| HiZY-e 243 A7} NH, &= 8¢
e 2 Aol A Bl EE At SR Aol A HHEH%

EL

o} webd Ajepe] S5 B olsARg
5 o) 4%
o fr 2 LPG 2FgE
NH; ‘F=ofl 2 F3F= nIAA] ek =3 5 Y

3% NH,9| F== S 2t
JE-S 41,5210 dish oF 7.39] 3]
AAGE 7= A2 ettt g 25k
NH; H}&2 TWCE] AME A= sS4tk TWC=
A 2] Co, NOxo] HiEHdS AHA717] 9
g A2 oIy TWCE AH8 W NHy= NOxo| ¢
oA BAHER & E Tt (Kean et al., 2009; Fraser
and Cass, 1998). 28 A 2] NOxE &°17] 9
ol 845 AF8Sh= SCR A A4 f-5f 23t NH,
o] HiEdog AR 2 AoM= BF A
o 23t NH; 9] &2 215 Z] 9ktct (Suarez-Ber-
toa et al., 2016; Carslaw and Rhys-Tyler, 2013). =714
og H 7= HE U 54 9= vwA -
Alell ot Aolgts A, ti7] & gmyore] #2
- Ztt= F-& v ez QR g7 qlo] AL ¢l
& 702 WAHT}(Shen et al., 2016; Hojito et al.,
2006). 224 08 T2 NH,2 FE4 HiEYe 3]
- 2FFo] fraolehs 22 et Bl

—

o Aol 2haE 29 NH,= Fg
w0 ol ok w7

NH;9 8 & 99L& Twcold, o9 4
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