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ABST RACT. A new theory, using kine tic theory o f gases, for disso lution of gaseo us a ir po llutants and
applica ble bo th for wash o ut an d ra in o ut prOCCSStS has been proposed . It ha s been shown that the current
theor y of wash ou t of gases given by Hales (1972) is a special case of the general theory proposed here.

Kc)' " 'ord'l - - Ra in chemi..try, air pol'ut ion . scaveng ing model and kinetic theo ry.

I . Intrcd uctlon

Air pollutants a rc removed by rain by two processes
rai n out and wash o ut. In the first it is disso lved in th e
clo ud. In the seco nd process. the po llutants a re
removed by a scavenging process. Thi s is applicable
for both pa rtic ulate a nd gaseous pollutant s. Engelemann
(1968) summarised ea rlier attempts on was h out of
pollutan ts. It is fo und tha t in those days. scave nging
of particulat e and gaseo us pollutants were mat hemat ically
t reated in th e sa me way. Postma ( 1970) point ed out that
di ssolut ion of gas by rain sho uld be treat ed differently.
Thus a sa lt pa rticle may get d issolved in ra in a nd th e
process is one way an d no t reversib le. Sui disso lution
or gas h. a two way process and reversible. Thus,
if we keep some dis tilled water in a chamber containing
a mmonia. the water dissol ves ammonia and a so lution
or ammonia is formed. If we wan t to remove this.
we tak e the sol ution 10 a cleaner environment an d warm
fo r some tim c. Ammonia goe s away . Th us ammonia
could d isso lve in first ins tance a nd could come out or
the same so lution in the seco nd insta nce. In ca se of
a so lution of sodi um chloride. it would not have given
o ut th e sa It by hea ti ng. O n boili ng. the water would
have evaporated a nd sa lt would have been left back.
In case of a mmonia solutio n. th e disso lved gas went
o ut leaving water be hind . Thus d issolution of gas is
a reversible pr ocess: in one co ndi tio n it is absorbed by
wate r in a no ther co ndi tion it co mes o ut of th e so lutio n.
Th is is the basis of Henry's law of so lutio n of gave.. as.
given in Physica l Chemistry .

Taking thi s concept Hales ( 1972) postul at ed the
current theory of gas scavenging by ra in. As regards
ra in o ut of gaseou s pollutants Chang (1984) comment s
th at there has been practicall y no attempt on ra in out
of gaseous polluta nt s. M ukh erjee ( 1960) implicit ly
a pp roached th e rai n o ut of gaseo us pollutants when he
proposed a mod el of removal of gaseo us pollutan ts by
fog.

Ha les ' (1972) th eory has bee n modified by Hill a nd
Ad amowicz (1977) and Cha ng ( 1984), bu t the bas ic
co ncept remains. The proce ss ass umed is a,
follows :

A ra in drop is fa lling through air conta ining gaseo us
a ir poll uta nt. Somehow some gas di sso lves a t th e
surface of th e drop so th at in th e imm ediat e vicinity o f
th e surface of the drop a co ncen tration grad ien t of th e
gas developes. A~ 3 result more gas d iffuses towa rds
the drop a nd the process co ntinues.

Th is physica l process pr esumes th e fo llowing :

(i) Somehow the gas enters into th e rain d rop
b ut the exact process is never de fined :

(ii) Co ncentra t ion of gas is su ffici ent ly high '0
th at diffusion concept 01 continuous gradient
or concentration ca n be used,

T hus in thi s concept. the first d issolut ion process is
never defined. It is also felt that ' in the co ncen tratio n
ra nge of gaseous pollutant s in ai r. it is doubt­
ful wheth er continuo us gradient of concent ra­
t ion of the gas can be assumed. A cloud
pa rticle ha s a linear di mension of the same
o rder as th e mea n Free path of pollut ing gas
molec ules. Thus. at least the ra in o ut prccevs
ca n not be treat ed by the diffusion mech an ism .

To overcome these t wo de ficiencies, a new th eory has
been proposed he re.
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Thi s theory has been term ed kinetic theory mod el for
rain out and wash out processes fo r gaseous poll utants
Th e following are the assum ption s:

( I) In a certain volume there '" e cloud droplets
and/or ra in dr ops. moist air a nd gaseau s
pollutant s.
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