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ON THE ACIDIFICATION OF RAIN DROPS BY WASHOUT OF NITROGEN OXIDES
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ABSTRACT; In order to evaluate the acidification of rain drops due to washout of nitrogen oxide, a simple non-steady
mathematicai model has been built, taking account of (1) the drop-phase chemical reactions; and (2) the pollutant mass
transfer between rain drops and the atmosphere. With use of this mthematical model the acidification process of rain
drops due to the nitragen oxides as NO(g), NO2(g), and NO3(g) are simulated numerically. The pH values on the ground
obtained by the simulations disclose that (1) the contribution of the nitrogen oxide as NO(g) and NO2(g) to the rain
drop acidity is very small compared with that of SO2(g); (2) the co-washout of NO3(g) and H202(g) may considerably
raise the acidity (i.e., lower pH value) of small rain drops; and (3) The pH value does not show boundless decrease but is
supposed to have the equilibrium value depending on the H202(g) concentration, even if the NO3(g) concentration
contimue to increase in its value.
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Table 1: DROP—PHASE CHEMISTRY 1(NO(g) + NOo(g))

NO(g) + H,0 = NO(aq) (#a4) (1)
NO;(aq) + H,0 = NO,(aq) (#as) 2
NO(aq) + NO,(aq) — 2NO; + 2H' + H,0 (Kz4) (3)
2NO,(aq) — NO; + NO; + 2H* 4+ H,0 (Kas) (4)

T 7o, REH TOEBIINOERNO2()IZH U THEWA, NO(IEMWICHRINE NS L Table 2 2R L
Eq.(5)2* HEq.(9) DRI 2R T, MBOBmMEEZED 5,

Table 2: DROP-PHASE CHEMISTRY 2(NOs(g) + H202(g))

NO;(g) + H20 = NOs(aq) (9h6) (5)

H,0:(g) + H,0 = H;0:(aq) (#£) (6)

H,0,(aq) = HO; + HY (Ks5) ()

NOs(aq) + HO, —» NO; + H* + 0, + H;0 (Kz61) (8)
NOs(aq) + H202(aq) — NO; + HO, + H' + H0 (Kae2) (9)
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Table 3: GOVERNING EQUATIONS

(057 Cﬁ) C7) CZIy C23’ 024) C'25, CZG) C27) CZQ)

= ([H2O2(aq)]v [H+]v {HO;]: [NOE]v [NOZ—L [NO(aq)], [NO'Z(aq)]v [NO3(aq)]7 [HO2]7 [02]2 0)
1

(Csa, Cc, Casa, Case) = ([H20:(g)], [NO(g)], [NO(g)], [NOs(g)]) (11)
Cos = Hyy - Crag Cos = Hys - Cosi (12), (13)

Chs = %og - Casg 3 Cs =3 - Csc (14), (15)

Ks-Cs = Cr - Co (16)

Cor+Cr+Kw/Co+a  (for NOy) (17)

d(Vd;Ci) =V R +S- kg (CiG _ 9) (18)

‘l}£
édgt'— =R+ % (}ﬂC.G i) (19)

¢ =] Cn+Cutat \/(cn +Cn +0)* +4Kwl/2 (for NO+NOy) | o
[Cor + @+ /(Cat + @) + 4Kw]/2 (for NO;)

C :{ C21+023+Kw/06+a (fOl' NO+N02) }
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W) OT, BEIZBTA pH iZAHED LR EERNLET 560 DT F CAELREMRER-oTWE, ZOBE
TS NO2(g) IHBImIZEVIEE (B2 1000ppm %2 &) 252 NE, ATHADOMBE 2 ) WBOBRME
NOEEDFED L NAPHEER TRV, —TF, (3) DS02(g) DHAILFMA TOBRBILKEIZ X ABALK
REZBLZVEROSGETHL, NO@@ + NO2g) RICH L THEOBHEEII,rZYFEST2El LIS
EHIz, REBIGEBRILKESEET L, BEE 01lem BEIVNEIVEBICRAL, ML hiER 5
2, pH IXBBUTET L., WERILY I IWEOBRMLICKE L FEETAFICL 5, (2) D NO3(g) DHAIL,
7:&1430) NO3(g) IBEILFFF IV E INTW 555, fRIZ S02(g) &ML 1.0pph & LTEHELALZIDOTH

b, TOHA, WIREES 0.05em £ Y KEWVHEIT SO2gD i MEEMEZ L VEDOTWS PHE LD
LETIETVWS) 5, ThEDASI L RRIE, #IZ NO3(g) DBED T THEBEMEREOMAILE L,
FRHTIX, NO3(g) DMEIC L o TIHHEBRHEIANDORELRFFDOHNBALFEEZRLTVS

Fig2 32 2 THE L7 28EBRIY O CREOBMLICES LEATEEMDSH 5 NO3(g) DFEEZ LR
FLARLLDTH S, H202(g) IBEEIX 0.1ppb ICEEL T, WREZED 21374 —% E LTHRLTH
5, MMEZES 02cm BELDIREVDDIZ NO3(g) BEIEL 2oTHMH pH 2OREBALL W
(72721, BEREL 500m OBETINDSEL 2L pH 32 EIEKTT5) o NO3(g) ONEEEMAL~
@%5@¢éw$%mWwaéottL\_n;bmﬁﬁﬁﬁméﬁnu¢éwf\mMwaw?ﬁm
DRFEFZELL %Y pH IZEAEAKT LTV, —H, NO3(g) IBEIZDWTIt 0.6ppb BEL D HIBEELS
F{ o THOHEMMIIFALKET pH BB L R BB, VDYWL PHIREE 2o TW0h, ZTNSOHMT
FER RO 2RI IEEED 0.04cm £0.02cm OHE (WTFHIBROFE) | pH KR/MESE LR, L
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Table 4: REACTION TERMS [(NO(g) + NO2(g))
Ry = ksCos Ras = 2kCy Cys + kosCis (21),(22)
R24 = -—2kC24025 H R25 = "‘21(024()25 - 2k25025 (23)’ (24)
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Table 5: REACTION TERMS 2(NOs;(g) + H202(g))
Rs = —kogCo6Cs Ry = kos1Cas Cor + ku62C26 Cs (25), (26)

Ros = —kos1Ca6Car — kos2C26Cs 3 Rar = —kas1 CosClr + Kas2ChsCs (27), (28)
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(1) M#EIRINENS NOE) ® NO2(g) DEREEOTLETHY, ZhODHFARIOT IOBETIEN
HWOBMEZEDAEIIIFARESS Lewy (Figl)

(2) NO3(g) I¥ H202(g) & & bICHIHICHINE NS &, PMEIWVEHE (HED 0.05cm BF X F)/J\éw%ﬁi
DOERDOL D) OBEMELEOAWEMIES S (Figs24) o 7272L, KEHD NO3(g) BEIT Iz
IV—va vy THOWIHELHEVWLDEEDbRA,

(3) NROBMELEOARSICH LU CHERILD L BEBIWEZHETLE, SO2g) DEXEXDHITH
(. NO3(g) D& &DITFEVLFZ S (Figl) . TNIIWEBHREOENIRKNTLIDEEZ LIS,
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