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ABSTRACT

PURPOSES : A pilot experimental study on the formation of fine particulate matter through photochemical reactions using precursor gas
species (volatile organic compounds (VOCs), NH;, SO,, and NOx) was conducted to evaluate the large-scale environment chamber for
investigating the pathway of aerosol formation and the subsequent assessment techniques used for reducing fine particulate matter. Two
small-scale environment chambers (one experimental group and one control group), each with a width, depth, and height of 3 m, 2 m, and
2.3 m, respectively, were constructed using ethylene tetrafluoroethylene (ETFE) films.

METHODS : The initial conditions of the fine particles and precursor gases (NOx and VOCs) for the small-scale environment chamber
were set up by injecting diesel vehicle exhaust. NH; and H,O, were added to the small-scale environment chamber for the photochemical
reaction to form organic and inorganic aerosols. The gas phase of the VOCs and the chemical compositions of aerosols were investigated
using a proton transfer reaction time-of-flight mass spectrometer and the aerodyne high-resolution time-of-flight aerosol mass spectrometer
at 1 and 10 s time resolutions, respectively. Gas phases of NO and NO, were measured using Serinus 40 NOx at a 20 s time resolution.

RESULTS : The small-scale environment chambers built using ETFE films were proved to supply sufficient natural sunlight for the
photochemical reaction in the environment chambers at an average of approximately 89% natural sunlight transmission at 300-1000 nm.
When the intermediates of NH; and H,0, for the atmospheric chemical reaction were injected for the initial condition of the small-scale
environment chamber, nitrate and ammonium in the experimental group increased to 4747% and 1837%, respectively, compared to the initial
concentrations (5.4 pg/m?® of nitrate and 5.2 pug/m?® of ammonium), indicating the formation of secondary inorganic aerosols of ammonium
nitrate (NH,NO,). This implies that it is necessary to inject intermediates (NH, and H,0,) for the formation of fine particulate matter when
simulating the atmospheric photochemical reaction for assessing the environment chamber.

CONCLUSIONS : This study has shown that small-scale environment chambers can simulate the atmospheric photochemical reaction for
the reduction of fine particulate matter and the formation of the aerosol pathway. The results of this study can be applied to prevent time and
economic losses that may be incurred in a full-scale environment chamber.
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Fig. 1 Three type of SOA formations ((a) Gas-particle partitioning
of SOA, (b) heterogeneous reactions on aerosol surface,
(c) aqueous chemistry)(Reproduced from Lim et al,, KOSAE,
2016)

26 International Journal of Highway Engineering - Vol.22 No.5



e

g 7|2 BARS 5 AR oA 9] SIAAY
& NOX, SOX, NH, o} Z-& 7k~ HAtEZ o] 2atit
< E3to] Y3t (Squizzato et al, 2013; Huang et
, 2014; Lim et al., 2016). g1t th7] Zof £23}= tf
A9l SIAE= NH,NO,9} (NH,),SO,7F 9low v AJZk
o] L2 4 o]z ddoA F& HEE = NOL
3 %= NH,NO,7F AJHj4]Ql Zle = HAE 4l 9l
t} (Li et al,, 20165 Ge et al,, 2017). ¥ A]7Fe] NH,NO,
O] /3L NOL& AFat w0l A A& th(Nowak et al,
2010). 0152947} Zo] NO, HiZYol A wi&H NO7}
ti7] FolA 0.2 2gste NOE &/dstal, 4% NO,
¢} tj7] 29| OH radical®} ¥Hg-8to] HNO,Z @43ttt
0|4 ¥ HNO,= NH,&} Zgtste] SIAQ NH,NO,
£ g4t

€
o
(s}

a5)

1o

22 97 Y
2.2.1. Small-scaleQ| AH 1 FHH{

AR A E At 5o weba ohekst Ada 2
712 A2Eth(Tobias and Ziemenn, 2000; Jang et
al,, 2002; Claeys et al., 2004; Docherty et al., 2005;
Paulot et al., 2009; Surratt et al,, 2010). & ¢13Lo] A}
£ small-scale AR A& HH] 3m, 20| 2m, &9]
2.3m=Z A2HE A Z Y Y=o ETFE (Ethylene Tetra
Fluoro Ethylene)2h& A 2)5ke] A 2H%] 9l ch(Fig. 2(a)).

Fig. 2 Small-scale smog chamber(a), and inserted the sample
inlet and outlet to inside smog chamber(b)
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Fig. 4 The location of experiment site (Yellow star). The two of
smog chamber installed at the Korea institute of civil
engineering and building technology (KICT). (The image
from Google Earth)
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Fig. 6 The transmittance of small-scale smog chamber made with
ETFE film (a), and comparison of transmittance between
sample and reference smog chambers (b) (The reference
smog chamber was covered with the light shield)
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Fig. 5 Two of the small-scale smog chambers. One of the smog
chambers(right side) covered with the light shield for a
limit photochemical reaction Ui B AESSHA = Qs S5EA] 9ttt 300~330nm
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emission only, (b) injected the car emission and covered with
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Speices Case 2
Sample Reference
Organics (ug/m?) 9.61 10.36
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Table 5. The Initial Concentrations of Case 3

Speices Case 3
Sample Reference
Organics (ug/m°) 8.87 7.21
Nitrate (ug/m’) 9.76 0.34
Sulfate (ug/m?®) 4.60 356
Ammonium (ug/m?) 394 1.36
AVOCs (ppbv) 21.87 19.01
OVOCs (ppbv) 170.10 155.37
NO (ppmv) 0.79 0.95
NO; (ppmv) on 0.15
NOx (ppmv) 0.90 1.10
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injected the car emission, NH;, and H,0, and covered with the
light shield. The gray dash line in the figure is the sunset time)
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