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Abstract 
The influence of sulphur compounds in the atrnosphere on the natural enyironment has been discussed. Today, 

production ot sulphuric acid is not ecologically dean regarclless of the emptnyed technology. The year 1996 was 
decisiye in the production of 112504 sulphuric acid as the modern method of non-reacted S0 sulphur compound 
eyacuation was applied in the POLCHEM - Toruń morganie Chemical Plant. 
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The natural enyironment is undergoing a systematic 
degradation due in part to, the emission of suiphuric 
compounds in to the atmosphere and the influence of 
their transformation products on the ecosystem. 

Progressiye degradation of the natural enyironment 
is a wefl known process, and atmospheric poilution 
shouid be treated as a global threat which crosscs 
national boundaries. One of the main factors which 
threatens the enyironment is an increasing concentra-
tion of yarious chemical compounds, inciuding suiphu-
ric compounds, in the atmosphere. Degradation of the 
enyironment caused by sulphuric compounds resuits 
from: 

* acidification of the ecosystem as a result of the 
emission of suiphuric compounds and the influence of 
acid rains 

* increasing soil mobiiity of heayy metais and their 
assimiiation by food chains 

* formation of suiphate aerosols, which results in a 
change of thermal air currents in the troposphere 

The emission of sulphur compounds may be ofnatu-
rai ar anthropogenic origin. Naturai sources of SO2 are 
yolcanoes and decay processes of organie matter. The 
process of chemicai change of suiphur dimethyi to 
sutphur dioxide, which takes place in the ocean, has a 
considerable share in the emission of naturai angin. 
Anthropogenic emission, which dominates in indus-

triai areas, results mainiy from burning coal as woli as 
other industrial chemical processes. These inciude 
production of sulphuric acid from eiementai suiphur 
and production of non-ferrous metais [1]. 

The Poiish share in the baiance of Buropean anthro-
pogenic emission of SD2 amounts to 19%, whiie the 
share of the Polish popuiation in Europe is only 
5.36%. 

The concentration of 502 in many cities in Europe 
exceeds acceptable standards and amounts to, e.g: in 
London [2] 44-77 jcg/m3, in Rome [3] 60-75 gg/rn3, 
whiie for the whoie of Europe [4] the concentration is 
estimated at 2.7 to 7.ogglm3 depending on the season. 

The amount of mass emission of suiphur com-
pounds from sulphuric is acid plants depends on the 
technoiogy applied. The production of sulphuric acid 
can be either one-stage (SC/SA - single conyersion/sin-
gie absorption of the manufactured suiphur trioxide) 
or two-stage (DC/DA - double conyersion!doubie ab-
sorption). Eyery suiphuric acid plant discharges same 
sulphuric compounds into the atmosphere. The year 
1996 was decisiye in the production of FLSO4suiphuric 
acid because the modern technology of non-reacted 
50. sulphur compound eyacuation was applied in 
POLCHEM - Toruń Inorganic Chemicai Plant [5-10]. 
This method of the autothermai process was based on 
three-stage contact of SD2 and three-stage absorption 
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of Uw synthesized trioxide (TCI"TA). The application 
of this technology allowed decreasing SO in waste gas 
to 70 ppm. This technology hag a elear adyantage as it 
is an ecological[y safe process. 

It is estimated that 2.8*109 tons of 502 falis on 
Poland annually {11]. The percentages of particular 
sectors of the industry in the global emission of 502 
are: yocational power engineering 46.4%, industrial 
power engineering 14.9% and industrial technologies 
8.9%. In the period 1991-1992 the emission ofsulphur 
dioxide dropped by 15%, partly the resuit of an eco-
nornic recession in the suphuric acid industry. It is 
estirnated that in 1985 merely 3.8% of emitted 502 was 
rernoyed, and losses resulting frorn the ernission 
arnounted to hundreds of millions of ziotys. 

Negatiye effects of the influence of sulphuric com-
pounds on the enyironmcnt arc weil known and this is 
why their ernission is being lirnited both in burning 
processes by increasing the process efficiency and by 
rernoying sulphuric compounds from post-proccss gas-
ses. In Poland, howeyer, merely 1.3% of the gross 
national product is being allocated to pro-ecological 
initiatiyes (S 6/person), while in the USA it is $ 380/per-
son, and in Germany 268DM/person. Wayne [12] pro-
yides data which show that the emission of sulphur 
dioxide caused by hurnan actiyity is about 20 times 
higher than the ernission of Są from natural sources. 
Table 1 illustrates the emission distribution of seyeral 
gasses. 

Sulphur dioxide is the main sulphur compound 
which occurs in the atmosphere, though there are also 
compounds such as: H2S, CS2, COS, S03 H2504, 
(NH4),S0, as weli as organic sulphides (CR3)25 and 
(CH3)2S,. These compounds can be diyided into: 

1. Compounds which contain sulphuric atoms in the 
negatiye oxidation state (52.)• 

2. Compounds which contain sulphur in higher oxi-
dation states 

Possible mechanisms of tropospheric transforma-

Table J. Anthropogenicand naturai emissions (eslimates for 1976) [12] 

Species 
[lO9kg/y] 

anthropogenic natural 

CO2 2*104 106 

hydrocarbons 188 1800 

CO 600 2500 

802 207 10 

H2S 2 50 

NOx 90 1200 

NR3 7 1200 

tions of sulphuric compounds were giyen earlier, dem-
onstrating that mechanisms of those transformations 
can be yarying, depending on the oxidation state of 
sulphur [12]. The final product of those traosforma-
tions, howeyer, is always sulphur dioxide. 

In the troposphere sulphur dioxide can undergo 
hydrolysis and cornmon, catalytic (in homogenous and 
heterogenous catalysic processes), and photochemicat 
oxidation or oxidation by means of nitric oxides. 

so7 

________ go 
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It is widely emphasized that transformation mecha-
nisms of sulphuric compounds arc yery complex [13]. 
The process of oxidation of Sa, during homogenous 
catalysis is mainly of radical character and the arising 
radicais arc oxidated to są by means of oxygen, ozone 
or nitric oxides. 

The oxidation of 502 during heterogenous catalysis 
takes place with cations or complexes of heayy metais 
contained in drops of water. 

The photochemical process can be induced by tight 
of a proper wayelength, and as a result of photochemi-
cal dissociation Sa, is created. 

The final product of all tropospheric transforma-
tions of sulphur dioxide is sulphuric acid(Iy). The yery 
process of transformation to H2504 is complcx and it 
bas not yet been reyealcd in detail. 

Nitric oxides which arc present in the atmosphere 
can react similarly producing sulphuric and nitric acids. 
The acids which arc produced during the tropospheric 
transformations of sulphur and nitrogen arc the source 
of acid rai The lifetime of the arising sulphuric acid 
is restricted by its natural circulation (acid rai. The 
major place in which acid rains arc creatcd in the 
atrnospherc arc drops of water of yarious sizes (0.1-100 
ttm). Aeroso]s which contain sulphuric compounds can 
arise in the atmosphere as well as being emitted from 
the surface of the earth. It is estirnatcd that the emis-
sion of aerosols from natural sources is 1100*1012 g, 
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whiie emissions due to human actiyity tota! 200*1012 g 
of sulphur [13]. Aerosols with big drops (1-100 gm) 
occur mainly in the law layers of the atmosphere (20% 
from O ta 250 m, 50% in the layer up to 1000 m). 

The lifetime of aerosols depends on the size of a 
miceUc and reaches from 0.01 day in smali and big 
micelles to 10 days in case af intermediate systems 
(0.1-1 jtm). The distance to which aerosois can be 
carried reaches from 8 to 8000 krn, depending on ihe 
size af a micelle. The phenomenon of condensation 
and falling of water ta the surface of the earth in the 
farm af precipitation (ram, snow) is a natura! pracess 
ofcleaning the atmosphere. The yalue ofpH af the ram 
in natura! conditions is 4.5-5.6 due to dissoiying CO2 in 
tbe water and due to the natura! cycle of suiphur in the 
enyironment. Howeyer, for so caHed acid rains which 
resuit frorn the atmospheric transforrnatians of sul-
phuric campounds, pH can eyen arnaunt to 3. In acid 
rains sulphuric acid has the greatest influence on pH 
(up to 70%), then nitric acid (up to 40%), while other 
acids haye little influence. Acid ram causes acidi"ing 
of the soi!, which is a yery harmful process because af 
the increase in mability of heayy metais in the soi!. The 
heayy metais content of the soi! is ciimbing systemati-
cally duc to hurnan actiyity. Depending on pH of the 
soi!, heayy metais form diffcrent chemical compounds 
- usually insolube oxides or hydroxides (when the soi! 
reaction is basic) or soluble sulphates (when the soi! 
reaction is acid). 

Bmpioyed agricultural treatment is aimed at neu-
tra!izing soi! reaction, causing increasing immobi!ity of 
heayy metais according to the genera! scheme: 

Me2 + (S04)2+ Ca/Mg2 + (C03)2+H + (OH) -* 
-CatMgSO4+Me(OH)2+CO2+H2O (1) 

Me24 + (804)2+ CaO(OH) +H4+ (OH)1 - 

-+CaSO4 + Me(OH)2 + H20 (2) 

An increase in acidity resulting from, arnong others 
thing, acid ram causes an increase in soil mobihty 
according to the genera! scherne: 
MeO+2H14+(804)2 -Me2+(SO4)2+H2O (3) 
Me(OH},+ 2H14 + (S04)2-,Me2 + (S04)2+2H20 (4) 

One can claim that, depending on pH, one can 
obserye the foliowing general soi! mechanisrn: 

pHc7 pH>7 
Me2 + (S04 )2 MeSO4 Me(OH)2 (5) 

The increase of mobiiity of heayy metals is a yery 
dangerous phenornenon because of the possibility of 
their entering food chains. The products of tropo-
spheric transformations of sulphur compounds are 
aerosols. The appearance af sulphate aerosols suggests 

anotheryiew of the greenhouse effect. The presence in 
the atrnosphere of su!phate aerosois measuring from 
0.1 to 1 mm increases the ability of ref!ecting sun rays 
back to outer space. In a c!oud!ess sky, sulphur dioxide 
and dimethyl sulphide accompanied by water yapour 
create gas suiphuric acid(yI), whose particies measure 
a fraction of a micron. This phenomenon is called 
gas/particie transformation. The arising sulphuric acid 
reacts further with a minima! amount of arnmonia and 
creates hydrated forms of suiphate(yI) of ammonia. 
Moreoyer, dimethyl su!phide in an analogicat reaction 
creates methylosuiphuric acid(Iy) (CH3SO3H), calied 
MSA. The role of this acid in the process ofprotecting 
the earth against radiation is considerable, though not 
ful!y known. Aeroso!s also arise in ciouds. This process 
starts by dissolying 502 in drops of water, creating 
suiphuric acid(Iy), which is further oxidated to suiphu-
ric acid (IV) or [ammonia/arnmonium] salts of this 
acid. Thus, in drops of water which measure seyeral 
micrometers, hydrated sulphates caiied sulphate aero-
so!s arise. Creating sulphate aerosols in the atmos-
phere can cool down the chrnate in twoways: by reflect-
ing sun rays or, indirect!y, by increasing the ability of 
c!ouds to reflect sun rays during cloudy days. Ali su!-
phuric compounds (IV, VI) getting into the ecosystem 
as a process remainder, not on!y from sulphuric acid 
instaUations but as a product of tropospheric transfor-
mations of those compounds (sulphuric acid), harrn 
liye organisms [14]. 

Suiphur dioxide is an irritant to thc respiratory sys-
tem and mucous membranes [15]. It is toxic to fungi, 
bacteria, fish, and seaweeds and is harrnful to p!ants. 

Su!phur trioxide is absorbed into the organism 
through the respiratory system, the alimentary canat 
and the skin. It has a strong caustic attack, destroys the 
epidermis, penetrates the subcutaneous tissue and 
muscies, causing necrosis [16]. Jt aiso causes excessiye 
acidity of soi! and water, poisons fish and plankton, 
causes growth contro! in roots of sprouting seeds. 

Su!phuric acid (IV, VI) influences ali liye organisrns 
simiiariy to suiphur trioxide, but the effects of the 
actiyity of suiphuric acid arc considerab!yworse [17]. 

References 

I. GRZESIAK P., SCHROEDER G.; Could the production aż" 
sulphuric acid by ecologically dean, Polish J. Enyirornental 
Studies3, 37, 1994., 

2. WILLIAMS M. L., BROUGRTON G. FJ., BOWER J.S. 
Physico-chemical Behayiour of Atmospheric Pol!utions, Atmos, 
Enyiron., 22, 2819 1988. 

3. BRUNERF., LIBERTIA., POSSANZINIM.,ALLERGIMI 
National airpollutantemissionestimates,Ana!. Chent,44,2070, 
1972 

4. RODNE N., GRANAT L. Deyelopment aż" predictioos of fu-
ture potlution prob!ems, Idojaras, 87, 1, 1983. 



48 Gizesiak P. et al 

5. KOWALEWSKI Z., GRZESIAK P., HOPKE W., OBORSKI 
S., ZIÓŁKOWSKI J. Sposób otrzymywania kwasu siarkowego, 
Wniosek racjonalizatorski TZPN POLCHEM Toruń nr S/90. 

6. KOWALEWSKI Z., GRZESIAK P., HOPKE W., OBORSKI 
S., ZIÓŁKOWSKI J. Sposób otrzymywania kwasu siarkowego, 
Patent RP, P- 16540L 

7. KOWALEWSKI Z., GRZESŁĄK P., HOPKE W., OBORSKI 
S., ZIÓŁKOWSKI J. Sposob poluczenia siernoj kisloty, Patent 
RF N-2046756. 

8. KOWALEWSKI Z., GRZESIAK P., HOPKE W., OBORSKI 
S., ZIÓŁKO WSM J. Eljaras kensay eloallitasara, HU-21 1443. 

9. KOWALEWSKI Z., GRZES]AK P., HOPKE W., OBORSKI 
S., ZIÓŁKOWSKI J. Zpusob yyroby kyseliny siroye, CS-281143. 

10. KOWALEWSKI Z., GRZESIAK P., HOPKE W., OBORSKI 
S., ZIÓŁKOWSKI J. Verfahren zur Herrteltung von Schwefel-
saure BR DE-4138618 Al. 

11. Rocznik Statystyczny, 1994. 

12. WAYNE P. R. Chemistry of atmospheres, An introduction to 
the chemistry of the atmospheres cl Farth, the planets, and their 
satellites; Clarendon Press-Oxford 1985 

13. BRANDT C., ELDIK R. Transition Metal-Catalyzed Oxidation 
of sulphur(Iy) Oxides. Atmospheric-Releyant Processes and 
Mechanisms, Chem. Rey., 95, 119,1995. 

14, PENDIAS A., PENDIAS H. Pierwiastki śladowe w środowisku 
biologicznym. Wydawnictwo Geologiczne W-wa 1979. 

15, GAŁĘZA A. Niebezpieczne materialy - karta charakterystyki 
SO2; Rejestr IPO nr 808/1978, BW. s. Chemia 1877, 1979 

16. RING E., GAŁĘZA A.; Niebezpieczne materiaty - karta charak-
terystyki S03; Rejestr IPO nr 126/1981, Przedsiębiorstwo Wy-
ciawnictw i Wystaw Przemyslu Chemicznego i Lekkiego 
„Chemia" W-was. 1877V!, 1981. 

17, CZERMIŃSKA J. Niebezpieczne materialy - karta charak-
terystyki H2504; Rejestr IPO nr 060/1979, BW. Chemia s. 
1877/III, 1979. 


