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FIGURE 5.1. Changes in temperature in the layers of the atmosphere.
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FIGURE 5.3. Concentration of ozone in various layers of the atmosphere.
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FIGURE 5.9
The movement of dust and particles in the northern hemisphere after the El Chichon Volcano eruption.
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TABLE 5.1
Abundance of the Major

Conservative Atmospheric Gases’
Mole fraction in dry air

Gas (X))

N, 0.78084 + 0.00004

0, 0.20946 + 0.00002

Ar (9.34 £ 0.01) x 107
CO, (3.5 £ 0.1) x 10~

Ne (1.818 + 0.004) x 107
He (5.24 + 0.004) x 107
Kr (1.14 £ 0.01) x 10°¢
Xe 8.7+ 0.1) x 10

* Kester (1975).




TABLE 6.2

Isotopic Abundance of Atmospheric Gases®

Mass
Element number Mole %
H (in H,0) 1 99.98
H (in H,0) 2 0.02
He 3 1.1 x10™
He 4 100.0
C (in CO,) 12 98.9
C (in CO,) 13 1.1
C (in CO,) 14 9.5 x 10"
N 14 99,62
N 15 0.38
) 16 99,757
0 17 0.039
(0] 18 0.204
Ne 20 90.92
Ne 21 0.257
Ne 22 8.82
Ar 36 0.337
Ar 38 0.063
Ar 40 99.600

* Kester (1973).

Element

Mass
number

78
80
82
83
84
86

124
126
128
129
130
131
132
134
136

Mole
O

0.354

2.27
11.56
11.55
56.90
17.37

0.096
0.090
1.919
26.44
4.08
21.18
26.89
10.44
8.87



TABLE 5.2

The Composition of Minor Gases in the Atmosphere

Species

CH,
co

0;

NO + NO,
HNO,
NH,

N,O

OH
HO,
H,0,
H,CO
S0,

CS,
0CS
CH,CCl,

X; actual

1.7 x 10°¢

0.5-2 x 107

5 % 107 (clean)

4 x 107 (polluted)
107 to 6 x 10°° (stratosphere)
1012-10°*
1071-10"°
107'°-10”
310"

5x107
HQ:EIHD-_.H
H.U::l“_._uu_.m
”_Du_.ﬂlm_u_:-n
107°-107"
“_.DJ—HIH_U:E
.—Q;.:IHELG
53¢107%

0.7-2 x 107°

Reliability

High
Fair
Fair

Low
Low
Low
High
High
Very low
Very low
Very low
Low

Fair

Low

Fair

Fair

Source
Biog.
Photo., anthr.
Photo

Lightn., anthr. photo.

Photo.

Biog.

Biog.

Biog., photo.
Photo.

Photo.

Photo.

Photo.

Anth., photo.,
Anthr., biol.,
Anthr., biol., photo.

Anthropogenic

Sink

Photochem.
Photochem.
Photochem.

Photochem.
Rainout

Photo., rainout

Photo.
Photo.
Photo.
Photo.
Rainout
Photo.

Photo., volcanic

Photo.
Photo.
Photo.
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Production of OH Radicals

O, + hv (315-1200 nm) — O(®P) + O,
OCP) + 0, — O,

O, + hv (<315nm) - O(*D) + O,
o(*D) + H,O — 20H

Removal Of OH Radicals
CO + OH — CO,+ H
CH, + OH — CH, + H,0

H+ O, - HO,
HO, + NO —» NO, + OH:
HO,+ O, - 20, + OH

HO, +OH — H,O + O,
HO, + HO, —» H,O0,+ O, Chain Termination






SUMMARY OF IMPORTANT NITROGEN OXIDE REACTIONS
(Species NO, NO,, HNO,)

Gas Phase
N, + O, - 2NO High Temperatures

NO + HO, (RO,) — NO, + OH- (RO

NO, + hv. - NO+ O
O, +0+M - O,+M

NO, + OH — HNO,

Aqueous Phase

NO, + O, — NO, + O,

NO, + NO, — N,O,

N,O, + H,0 — 2HNO,

2NO,+ O, + H O —» 2HNO, +0,

Most important source of O, and other oxidants in the Troposphere.
Hydrocarbons are needed to produce HO.,.



Primary Reactive Pathway
hv Secondary Reactive Pathway

NO;

\ Rainout
NO or hv dry deposition



SULFUR OXIDE CHEMISTRY

Gas

SO, + OH — HOSO,
HOSO, + O, — SO, + HO,
SO, + H,0 — H,SO,

Agueous

SO, + H,0 — HSO, + H* - SO,2 +H*
HSO,- + H,0, — SO,2 + H* + H,0
SO,z + 0, — SO,2 + O,
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FIGURE 5.37
The levels of ozone as a tunction of latitude.
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FIGURE 5.35
The decline of springtime ozone over the Antarctic over the past 33 years.
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SUMMARY OF OZONE CHEMISTRY

FORMATION

O, + hv(<240nm) - 20

O,+ 0 - 0O,

O, + hv (240-300 nm) - O('D) + O,
Oo(D) + H,O -~ 20H:



UY down

to 180 nm —* N;O +hv—=> N + NO
50 km
I// 280°C
OZONE
ABSORBS 05 + NO - NO, + O,
IAY 0 +NO; 5+ NO+ 0, NO: + OH
LIGHT Net O+ 05 0+ 0,
0
UV down Ill//
to 300 nm N, 10-15 km
/ RAIN 210°C
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FIGLIRE 3.33

The increase in the concentration «f chlarnated compounds and mitrogen oxide in the atmaospherce.



LOSS OF OZONE IN STRATOSPHERE
Chlorofluoro Carbons (CFC’s)

CFCl, (CFC-11) t = 75y
CF2Cl, (CFC-12) t = 110y

Cl- + O, - CIO + O,

CO+ 05 ClI +0,
O+ 0O; - 20, Net

Scientific Support

F is found in Stratosphere
ClO appearance and O, loss in Antarctic
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Chlarine Equivalent (ppb)
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The levels of chlorine in the stratosphere as a result of the Montreal Protocol.
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JURE 5.32
» production of CFCs from 1960 to 1985.



