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Numerical Simulation of Complicated Photochemical
Reactions Occurring in the Atmosphere

Gyeong-Mee Won, Yoo-Keun Kim, Haw-Woon Lee and Hee-Jeoung Kim
Department of Atmospheric Sciences, Pusan National University, Busan 627-702, Korea
(Manuscript received 22 September, 2005 accepted 6 February, 2006)

In predicting oxidants concentration, the most important fact is to select a suitable photochemical reaction
mechanism. Sensitivity analysis of O, and other important photochemical oxidants concentrations was conducted
by using CBM-IV model.

The predicted oxidants concentration was considerably related with the initial concentration of formaldehyde,
[NO,JINO], NO,, RH and RCH O. As the initial concentration of formaldehyde increased, concentration
of NO, increased. (O, concentration was proportional to the [NO,)J/[NO] ratio. When the initial
concentrations of RH and RCHO were high, photochemical reaction was more reactive, including more rapid
conversion of NO to NO, and increased oxidants. Also, the sensitivities 6f ozone formation to rate constants,
Ki, Ky and Ki in the NO, photolysis were studied.

Key Words : CBM-IV Model, Photochemical Reaction, Oxidants Formation, Initial Concentration, Sensitivity of
ozone, Rate Constant
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Table 1. Components of the CBM-IV Mechanism.

Numbers of reaction 81
Inorganic reactions 30
Organic reactions 40
Photolytic reactions 11

Numbers of species 34
Inorganic species 15
Primary organics 9

Alkanes 1
Alkenes 2
Aromatics 2
Biogenic VOCs 1
Aldehydes 2
Nonreactive VOCs 1
Organic products 4
Organic radicals 6
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Fig. 1. Concentrations of selected oxidant species as a
function of time.
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Fig. 4. O sensitivities to K3 in reaction 3.
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NO, in air.
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Fig. 7. Photo-oxidations of formaldehyde in mixture of
NO, NO, and air.
Initial concentrations are NO = 0.0lppm,
NO, = 0.1ppm, and FORM = 0O.lppm.

160 1010

)

=3
—- =
) ;| —e— NO
=3 g |0 NO2
~ z
g G |—v-03
b4 O | —— FORM
o] =
3] 4

o

'Y

0 60 120 180 240 300 360 420 480 540 600 660 720
Irradiation time(ppb)

Fig. 8. Same as Fig. 7, except initial concentrations
are NO = 0lppm, NO, = O.lppm, and
FORM = 1.0ppm.

NOS NO,9 7] =& 717} 0.4ppm, 0.2ppm
o2 531, RHS RCHOY %% 717} 0.1ppm
o% FU& B9 RHY RCHOSY s=% 7%
Zt 2ppmeE FAE AS 23 LEEAY AT o
& 23 E Fig 99 Fig. 101 2tz Yepiich

RH9 RCHO9 z7] 558 A 3 A%
(Fig. 99 NO% NO,° ¥s7t dzAZHEE A9
dojubA] gigken RHS RCHOY W3 g4
719 dehA] gtk 039 & B B2 F&

Zapehirgol W FALE

st g4 W7t Ao YA 23tk b o)
AN NOS NO,l 557k 2as wed £7]
set2e FE7F 2 We Bahe wo] s
A DYEA 2oL B 4 Hoz
Fig. 10¢] 4% RHS$t RCHO9 =7 558 =

450 12
400 9—a—% -——g 10
L &8 3
T 350 3
g g
& F6 ¢ |—=— NO
g 300 g |—— No2
S b4 O |——03
O 250 ©
2 o
200 ' o
150
0 60 120 180 240 300 360 420 480 540 600 660 720
Irradiation time (min)

120
)
[=3
=3
j 100 3 —3 3 330 —e— RH
g —=— RCHO
o
Q

80

0 60 120 180 240 300 360 420 480 540 600 660 720
irradiation time {min)

Fig. 9. The variations of oxidants concentration
according to [RH1 and [ RCHOy, The
initial  concentrations are [RH], =
Olppm, [RCHOY = OJppm, [NO) =
0.4ppm, and [ NO,lo = 0.2ppm.

—e— NO
—e— NO2

—a— 03

CONC. (ppb)
O3 CONC. (ppb)

trradiation time {min)

2020

2000

1980 —e— RCHO
-—a— RH
1960

1940 ——
0 60 120 180 240 300 360 420 480 540 600 860 720

Irradiation time (min)
Fig. 10. Same as Fig. 9 except the initial concentrations
are [RHYy = 2005ppm, [RCHO, = 2.0ppm,
[NOJ = 04ppm, and [ NO ,}o = 0.2ppm.

CONC. (ppb)




2740 - %2 - olahe - 237
A Pe W NOZF NO,= weA Aggs £ 5 4o A 7198 sioh
otk 3 RHS RCHO7Z} Azt wt A3
= A4gs Fgio] myth okgd 0,9 FEI A 2
Fig. 9ol 8] o & %S 2Tk ole ey & O TES 2005 2w wpAE SRR

7188ZEo] OH radical, 09 53 Hk2-3}d
NO9 NO,Z¢ Wgs ZLsA s, oxidants

Pl A7) 7]ods}r] Wil
4.2 &

2 AT e Fehe w3 rd CBM-VE o
12 dE 2do] H&3t7]o] A CBM-NV¢ 54
A8 Boka, FALEE T x1dants«] i
Ao glojA Fad G ER o L
Aol z7] ¥% W37t oxidants Al U]X]‘rf
groll e Ats) BTk

CBM-IVoll A 221 @ 9EAEe] Fr¥3ls %
Azbo| FIVETE 7W§}zﬂol 0,% HNO,, PAN
o] ¥%7F F7HH 3, LQQ ko] 1“354“
52 OH radical 0, radical# ¥+Hg-3}o]
A" NO .9 Ats % oxidants Aol =A

7)ol sk A,

o

A1

O:

é

E 3]
=1
=
=
=

=
T
o

=

Hb radical
o224 No,
7hE A [NOQ]/[NOH z7] ¥&
0; A4 &8s, NO%
%_‘-:-7} ¥2 Yyes NOS X

E7F vg del B NO 9
L | deov} NO,F =S F7)

e
et

a3 gir]eA NOQ} NO ,9]
RHS RCHOS %
7 ve e _\,}—g}ﬁ
Zalod oxidants FEE
$} RCHO$Y %7 %57}
718t8tE0l  OH radical,
NO9 NO,29 WE<

-l 2

7v Eoi#

o
S

208

Aol ofste] AT E RS
FxEd
1) Haagen-Smit, A. J. and M. Fox, 1952, Chemis-
try and Physiology of Los Angeles Smog,
Ind. Eng. Chem., 44, 1342-1346.
Dodge, M. C., 1977, Combined use of model-
ing techniques and smog chamber data to
derive ozone-precursor relationships. Pro-
ceedings International Conference on Photo-
chemical Oxidants and Its Control, Research
Triangle Park, NC, EPA-600/3-80-028a.
Falls, A. H. and ]. H. Seinfeld, 1978, Con-
tinted development of a Kkinetic mechanism
for - photochemical smog, Envir. Sci. Technol.,
12, 1398-1406.
Killus, J. P. and G. Z. Whitten, 1982, A new
carbon-bond mechanism for air quality simu-
lation modeling, EPA-600/3-82-841, April.
McRae, G. J, W. R. Goodin and ] H.
Seinfeld, 1982, Development of a second-
generation mathematical model for air pollu-
tion- I, Model formulation. Atmospheric Envi-
ronment, 16, 670-696.
6) Atkinson, R, A. C. Lloyd and L. Winges,
1982, An updated chemical mechanism for
hydrocarbon/ NO ,/ SO , photo-oxidations suit-

able for inclusion in atmospheric simulation
models, Atmospheic Environment, 16, 1341.
Penner, J. E. and J. ]. Walton, 1982, Air
quality model update, Lawrence Livermore
Laboratory Report UCID-193000.

McRae, G. J. and J. H. Seinfeld, 1983, De-
velopment of a second-generation mathema-
tical model for urban pollution - II. Model
performance, Atmospheric Environment, 17,
501-523.

Stockwell, W. R. and J. G. Calvert, 1983, The
mechanism of NO,; and HNO formation in

2)

8)

the night-time chemistry of the urban atmo-
sphere, ]. geophys. Res., 88, 6673-6682.

Stockwell, W. R., 1986, A homogeneous gas-
phase mechanism for use in a regional acid

10)



-

o Bt B

deposition model, Atmospheric Environment,
20, 1615-1632.

Lurmann, F. W.,, A. C. Lloyd and R. Atkinson,
1986, A chemical mechanism for use in long-
range transport/acid deposition computer mo-
deling, J. geophys. Res., 91, 10905-10936.
Lurmann, F. W, W. P. L. Carter and L. A.
Coyner, 1987, A surrogate species chemical
reaction mechanism for urban scale air quality
simulation models, Volume 1 - Adaptation of
the mechanism, Final Report, EPA Contract
No. 68-02-4104, Atmospheric Sciences Re-
search Laboratory, Research Triangle Park,
NC.

Gery, M. W., G. Z. Whitten and J. P. Killus,
1988, Development and testing of the CBM-
IV for urban and regional monitering, Rep.
EPA-600/3-88-012, U. S. Environ, Prot. Agency,
Research Triangle Park, North Carolina.

209

ghetukgo] i FAEY

14) Hough, A. M., 1988, An intercomparison of

mechanisms for the production of photo-
chemical oxidants, J. geophys. Res., 93, 3789-
3812.

olghy, urEz 1992, 71 oG B9 Falehit
Srdo] B3 A7, dx7) AT A, 8(1),
74-83.

olgh-&, AT, s, 1997, TA g7 FolA
e d7iedEde sxwe duAde #
g AT, SFBA L3 A, 6(4), 351-357.
Michael, W. G. G. Z. Whitten, J. P. Killus,
and M. C. Dodge, 1989, A photochemical ki-
netics mechanism for urban and regional scale
computer modeling, J. Geophys. Res., 94, 12925~
12956.

Ralph, E. M. and T. C. Myers, 1990, User's
Guide for the Urban Airshed Model Volume
I : User's Manual for UAM(CB-1IV), Systems
Applications, Inc., San Rafael, C.A.



