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Abstract

Photochemical reactions are important for the diurnal variation of the concentrations of
air pollutants in the urban atmosphere. A photochemical reaction model was developed,
which includes in terms of the effective chemical reaction. Various experimental results
were introduced to the construction of model. To verify the applicability of the model, the
simulated results were compared with those observed.

By comparing the simulated results with those observed, it was shown that those two
are in good agreement qualitatively.

As a result, the photochemical reaction model which has been developed in this study is
found to be useful for the prediction of concentrations of air pollutants in the atmosphere.
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Table 1. Photochemical reaction model (PRM).

No Reaction Rate coef. Unit

1 |NO,+hy—NO+0 K, min '

2 [0+0,+M—0;+M 2x107° ppm ‘min !
3 |04+ NO—=NO,+0, 28 ppm 'min !
4 |HO+NO,+M—HNO, 0.011 ppm 'min !
5 |HO,+NO—HO+NO, 300 ppm ‘min !
6 |RCHO+hy—CO+aRO, |K,x0.0042 {min '

+(1—a)/2HO

7 {RCHO+HO—aRO,+ 21000 ppm 'min !
(1—a) x (CO+HO,)

8 {RO,+NO—a,RCHO+ 470 ppm ~‘'min !
aHO, +NO;

9 |RO;+NO,—PAN Kq(6) ppm 'min"!

10 |HC+0—aHO,+ RO, + 5500 ppm 'min !
«RCHO

11 {HC+HO—RO, 22000 ppm 'min"!

12 |HC+ 0Oy —aHO, +a:RO,+ {0.0123 ppm '‘min”!
aRCHO

13 | 2HO,—~H.0, 5300 ppm 'min !

14 |O;+NO,—~NO,+0, K,(0.048) |ppm 'min "'

15 INO;+NO,—~N.O; 6800 ppm 'min '

16 |N,0,+H,0—2HNO, Ko ppm 'min !

17 |N,O;—~NO;+NO, 15 min '

18 {NO;+NO—~2NO, 11000 ppm 'min
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Fig. 1. Hourly vanation for the concentration of air
pollutant.
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Table 2. Reaction models by Hecht, Eschenroeder, Akimoto, Kitada and PRM.

No Reaction Rate coef. Unit

1 | NOA+Hp—NO+0 . 0.2(K,) min™t

2 | O+, +M—~0+M 1.15x107%(2x107°) ppm min™'
3 | NO+0,—~NO,+0, 28.7(30) ppm™"rmin™"
4 | (X,(OH) +NO,~a product) xS, xS, 5,10,50,500 ppm~"min"*
5 | (X.(HO.) +NO—NO, +X,(OH)) xS, 300(300) ppm™'min""
6 | (RCHO+hy—CO+aRO:+ (1+a)/2HO,) XS, K, x0.0042 min~!

7 | (RCHO4X,(OH) ~G « X(RO.)) X Si+((1—a)(CO+HO)) xS, 22000(21000) ppm~'min "' -
8 | X.(RO,) +NO—NO,+ (DX,(OH) X S, + (X:(HO)) X Ss+ (K - RCHO) XS, 500(470) ppm-~'min
9 | X,(RO,) +NO,~PAN 5, 10, 50, 500(6) ppm “min "
10 | HCHO=A - Xo(RO)+(A - X,(OH)+F - RCHO) xS, + (&:HO) xS, 7500(5500) ppm “'min*
11 | HC+X,(OH)~C - X.(RO,) 60000(22000) ppm “'min~"
12 | HC4+0,~A - X,(RO,) +A + X,(OH) XS, xSy +F - RCHO+ (@, - HO,) XS, 0.015(0.0123) ppm ~'min"*
13 | (2HO,~HO) xS, 5300 ppm~'min"~*
14 | (NO,+0,~NO,+0,) xS, 0.1(0.048) ppm 'min "
15 | (NO,+NOy( +H.0) = N,O,(2HNO,)) X S, (6800) ppm 'min”!
16 | (NJO,+H,0) »2HNO,) xS, 3x10* ppm 'min "'
17 | (NO~NO,+NO.) XS, 15 min!

18 | (NO,+NO—2NO) xS, 11000 ppm-~'min’
19 | (RCHO+0—B - X(RO)+B - X,(OH)) xS, ((1—a)(CO+HO,)) XS, 500(230) ppm™~"min"
20 | (RCHO+0,—~B - X,(RO.)+B - X,(OH)) xS, xS, 0.015 ppm™'min "'
21 | (HNO,+hy—NO+X,(OH)) XS, xS, 0.005 min !

22 | (NO,+NO(+H,0)—2HNO,) xS, xS, 0.0025 ppm ~'min ™"
" 23 | (X,(OH) +NO—HNO,) xS, 3000(3000) ppm - min
24 | (X,(OH) +NO,(+M) —-HNQ;) X Sy x S, 5000 ppm ~'min”!
25 | (X,(HOy) +NO,~HNO, +00) XS, 3(0.05) ppm™'rmin™"

HC 27|29 8l A9 vhgE Tt 0,9 YAl
2 d%g v)ig AAR olF 2709 2715 ES
W glo] ubSAAE AP AFd= Fol 3l
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E35) vhalpaie dabg Ao &27)sXul(o]Abst
A4 275 Ee 2 Axgy sn)e #Fsig
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1975 : 1% 7 F=).

a3 8L m#(1975)e] I MY (g F O
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278 19.0~225CE 3o 7zt mdofx AAg
HC/NOe| =75 xulel O, &2 Fiixe 34

=) %)

E ZAIEMACE 286 o5t AYPAE 27152
7} 3~54telol A A& Hatx gledt, 7 24
& A HyAE 7R %S & T Uk 3
PRM2 O, s=7} %7 vebites A%E Zx 9l
t}. o] 712 ¥lS No. 142] o] 2 Ao g Yztgl
t}. ¥kS- No. 148 NO,, 0,5 33§ S #=&
ek NOol s My oFg &9 2 24
st 1 kg FAIG 4 glo), O dajAME
Qo] & Ao g AL 0 FEF7HE A
= EE JMA ) o)A Kuo] gy II 24
£- 0.048ppm~'min~')& O.lppm 'min~' 2.2 &}o A
Ak 2% 99} 1§ 58 wlwstd A o 4 gk 2
H 9% 13 5o wld NO.9 55+ 7o ZA|g

f
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Fig. 7. Ozone concentration according to the initial
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o : Akimoto model
e : Kitada model
o0 : Exp. data
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INITIAL CONCENTRATION RATIO(HC/NO)
Fig. 11. Relation between the initial concentration
ratio of HC to NO and time with the maxi-

mum concentration of NO..

Table 3. The comparision of PRM and each Model

that studied by Hecht, Eschenroeder,
Akimoto, Kitada.
S S 5 S S S S 5 S
Hecht 0 1 1 0 0 0 1 0 1
Eschenroeder | 0 0 1 0 0 1 1 0 1
Akimoto ¢ o0 o 1 1 1 0 0 1
Kitata 1 1 0 1 0 0 1 0 1
PRM 1 1 0 1 1 1 0 1 0
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Fig. 12. Hourly variation of each air poliutant.
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Fig. 14. Hourly variation for the concentration of
each air pollutant at 100m height from 4

to 10 hour.
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Fig. 15. Same as Fig. 14 except from 17 to 23
hour.
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