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A Sulphurous and sulphuric acids Figure 3.1 The formation
. . P . (simplified) of the major
S0, is emitted from natural and anthropogenic sources and dissolves components of acid rain in

in cloud water to produce sulphurous acid: the troposphere.

SO, +H,0 H,S0; H*+HSO;~

Sulphurous acid can be oxidised in the gaseous or aqueous phase by
various oxidants

S0, oxidant SO,

Aqueous sulphur trioxide forms sulphuric acid:

SO; +H,0 > 2H* 1802

> H,80, ——— H*+HSO,™:

B Nitrous and nitric acids

N0 is emitted by the process of denitrification and although relatively
inert it is a greenhouse gas. NO and NO, (collectively designated as
NO ) are produced by combustion processes and lightning. They are
involved in many chemical processes, some of which damage the
ozone layer in the stratosphere:

0, +NO

> NO, + 0,

Other chemical processes may generate ozone in the troposphere,
causing photochemical smogs:

light
NO, — > No+O

0+0, —> 0,

In addition, nitric and nitrous acids may be produced:

2NO,+H,0 ————= HNO, + HNO,

These acids are components of acid rain along with sulphurous and
sulphuric acids Source: Mannion 1997.



Figure 3.2 The major reservoirs and fluxes in the global
biogeochemical cycle of (A) sulphur and (B) nitrogen.

s [nesewvoms] 1riots 2 qxiotsy

sy Do 83 repras00t fisxos most diract infuenced by human actity

Emissions trom industy
TERRESTRAL ~
priiny mainvy from fossd fuols.

001 s
10-50 Buming of
1000 wogetaton —_—
o e
L 4000
sons

150 industil fization
031 150 Denrecaron

Sources: Based on (A) Charlson et al. (1992) and
Schlesinger (1997); (B) Jaffe (1992) and
Schlesinger (1997).
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Figure 3.4 Areas currently experiencing problems due to acid precipitation and areas likely to develop
problems in the future.
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Source: Based on Rodhe and Herrera 1988.
Table 3.1 Emissions of sulphurous gases for selected countries.
A Emissions SO, x10° tons per year
1980 1990 1995
Belgium 828 317 253
Bulgaria 2050 2020 1497
Czech Republic 2257 1876 1091
Finland 584 260 96
France 3338 1298 986
Germany (E & W) 7514 5326 2995
Iceland 18 24 24
Italy 3800 1678 1437
Poland 4100 3210 2337
Russia (European) 7161 4460 2983
Spain 3319 2266 2061
UK 4913 3756 2365
B Emissions SO,;x10° tons per year
1975 1980 1987
Bangladesh 40 57 49
China 10,175 13,372 19,989
India 1652 2010 3074
Indonesia 201 329 485
Japan 2571 1604 1143
Malaysia 193 272 263
Nepal 3.7 4.9 30.9
North Korea 234 271 333
Pakistan 148 198 381
South Korea 1159 1918 1294
Taiwan 609 1036 605
Thailand 224 420 612

Sources: (A) European Monitoring and Evaluation Programme as quoted by
Agren (1997); (B) Quoted in Kato (1996).
Note: Note declines in Europe and increases in Asia.



Table 3.2 Emissions of nitrous gases for selected countries.

A Emissions of nitrogen oxides as
NO, x10(° tons per year

1980 1990 1995
Belgium 442 352 345
Bulgaria 416 376 266
Czech Republic 937 742 412
Finland 295 300 259
France 1823 1585 1666
Germany (E & W) 3334 2640 2210
Iceland 18 20 23
Italy 1480 2047 2157
Poland 1229 1279 1120
Russia (European) 1734 2675 1995
Spain 950 1178 1223
UK 2416 2897 2295
B Emissions NO>x 10° tons per year

1975 1980 1987
Bangladesh 46 58 66
China 3727 4907 7371
India 1379 1673 2556
Indonesia 331 465 639
Japan 2329 2132 1935
Malaysia 90 126 177
Nepal 18 21 50
North Korea 325 383 468
Pakistan 101 164 231
South Korea 220 365 555
Taiwan 124 225 325
Thailand 182 255 384

Sources: (A) European Monitoring and Evaluation Programme as quoted by
Agren (1997); (B) Quoted in Kato (1996).

Note: Note increases almost everywhere; even where emission controls are in
operation as in Europe they do not apply to nitrous gases.
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Table 3.3 Examples of changes in the pH of lake waters that have occurred
since c. 1840 in the UK, Europe and North America

Site Location pH change Approx. date
of initial
pH change

Loch Enoch SW Scotland 0.9 1840

Loch Grannoch SW Scotland 1.2 1925

Loch Dee SW Scotland 0.5 1890

Round Loch Glenhead SW Scotland 1.0 1950

Loch Laidon SW Scotland 0.7 1850

Grosser Arbersee W Germany 0.8 1965

Kleiner Arbersee W Germany 0.8 1950

Gardsjon Sweden 1.5 1960

Hovvatn Norway 0.75 1918

Holmvatn Norway 0.5 1927

Malalajarvi Finland 1.0 1950

Hirvilampi Finland 0.7 1950

Big Moose Lake USA 1.0 1950-60

Woods Lake USA 0.4 1930s

Ledge Pond USA 0.6 1880s

Beaver Lake Canada 0.6 1950s

Lake B Canada 1.6 1955

Lake CS Canada 1.0 1955

Note: This is only a selection of the many lakes which are known to have
become acidified since c. 1840.
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Table 3.3 Examples of changes in the pH of lake waters that have occurred

nnnnn €. 1840 in the UK, Europe and North America
Site Location pH change Approx. date
of initial
pH change
Loch Enoch SW Scotland 0.9 1840
Loch Grannoch SW Scotland 1.2 1925
Loch Dee SW Scotland 0.5 1890
Round Loch Glenhead ~ SW Scotland 1.0 1950
Loch Laidon SW Scotland 0.7 1850
Grosser Arbersee W Germany 0.8 1965
Kleiner Arbersee W Germany 0.8 1950
Gardsjon Sweden 1.5 1960
Hovvatn Norway 0.75 1918
Holmvatn Norway 0.5 1927
Malalajarvi Finland 1.0 1950
Hirvilampi Finland 0.7 1950
Big Moose Lake USA 1.0 1950-60
Woods Lake USA 0.4 1930s
Ledge Pond USA 0.6 1880s
Beaver Lake Canada 0.6 1950s
Lake B Canada 1.6 1955
Lake CS Canada 1.0 1955

Note: This is only a selection of the many lakes which are known to have
become acidified since c. 1840,



2 Galdl
Lol o bl )l

Ll & LRl ) ual 3 Laalue G ) G dpmaal) jUae¥) Jshas 2d (1

Ghliall 8 Sl palial 0 o 08 Cilaal) &gan o (e a1 e ¢ il (a8 Jal sall Jaii (2
ool 138 e iy A Shalid)  aie o il Cogin Jie ¢ (aleaa¥l 5 ) juaial

Gab Al ) ds s e bl 455 e dpmeall jUaaY) Johaa 55 S5 of s all e (3
) allaill (e ¢ sl g o sauninall Jie Al Cldie a5 ¢ lpdlSl J155 8 cllall
b il ¢ Apmanl) o il 8 Wil o i 3 ¢ ALEN (palaall 0 5S5 8 Lais ¢

s Jgal ae ¢ A Y] il Wl i 8 s ¢ nd L) elae eyl el Y (4
L sl Jie A ganll adll 15391

a3 ) i S0 ol gy 1385 elial Ay jall 8 Ly sl 8 el )yl a5 mas (5
Al A el Ghlall (B s BB ge ¢ Ll Ty 5 304

Cua By el oy 38 ¢ Apmen STl il )l o s o) 531 2885 Liia ¢ cildaal) ilaladd (6
(sl Sl Lgildae sdany) i

allaall 5 ¢ &y pumall shliall 3 e sell 8a9a gy ¢ &y pumall Aawil) o meall gl L3l (7
A el s Ay 5l i) (ealaa) clilani) Jad Y ¢ dy 59

% of trees with defoliation greater than 25%

Source: Based on Elvingson 1997.



