Environment Protection Engineering
Vol. 4 1978 No. 4

TARIQ A. MAHMOUND#*, BOHDAN J. GEOWIAK, ANDRZEJ KUKLINSKI**

CALCULATION OF POLLUTION DOSE VARIATIONS DUE TO
THE CONVERSION OF SO, TO H,SO,

Pasquill’s formula is used to determine the variations occurring in the structure of the
emission field due to the conversion of SO, to the aerosol of H,SO, in the atmosphere.
It is found that the conversion process exerts a considerable effect on the total pollution
rate. The calculation method suggested permits the determination of the most hazardous
conditions under which a maximum pollution dose occurs due to the simultaneous occurrence
of SO, and H,SO..

1. INTRODUCTION

Sulphur dioxide and its oxidation products are ranked among the most common and
widespread air pollutants. Most.studies are concerned with the properties of SO, and the
magnitude of SO, environmental concentrations. Yet, the number of literature reports
on the oxidation rate of SO, in air is rather scarce. SO, may be removed from the atmosphe-
re by photochemical oxidation in the gas phase and by catalytic oxidation in fog droplets.
Thus, the gaseous particles of SO, are converted into aerosols containing sulphate-ions.

It was found that heterogeneous reactions of SO, in the atmosphere with suspended
particulate matter proceeded faster than homogeneous ones. There is substantial evidence
[1] that in the presence of powdered oxides of aluminium, calcium, chromium, iron, lead,
and vanadium SO, reacted within minutes without sunlight or UV irradiation.

Many studies are reported on the catalytic activity of metals and on the reactions that
take place at varying pH of the solution. Numerous mechanisms are suggested for the
oxidation of sulphite ions to sulphates; most often, however, a radical mechanism of the
oxidation reaction is being accepted, especially in the study of the SO, oxidation in solu-
tion and its role in the atmospheric chemistry [2].
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The effect of iron on the oxidation of sulphate ions was investigated under conditions
similar to the real ones [1]. The studies have revealed that not only sulphite ions but also
HSOj ions (i.e., SO, dissolved in the water) and non-dissociated particles may be readily
oxidized. The reaction rate was found to be strongly pH-dependent, and was the highest
when the pH of the solution fell in the range 5.2-7.

The catalytic oxidation of SO, in solution is, however, first of all affected by air humi-
dity. It was observed that with increasing relative humidity (RH) the oxidation rate increa-
sed rapidly when RH ranged from 80 to 909, the oxidation rate exceeded 8 times that
observed at lower RH values, being 64 times higher at 80-959%, RH.

Generally, it is expected that the SO, oxidation rate will increase with increasing
temperature, however, some physical-chemical processes occur which will decrease the
oxidation efficiency when the temperature increases.

In has been noted [4] that some of the dust particles suspended in Tokyo air were
capable of generating sulphuric acid particles, while other airborne particles were not able
to do so. Another report [3] presents the results of laboratory experiments in a closed
chamber, which show that the percent of SO, conversion is higher when airborne particu-
late matter is present.

2. CALCULATION PROCEDURE

Considering certain difficulties that appear when determining the SO, to H,SO,
conversion, a method is suggested which permits a determination of the emission field
structure variations caused by the conversion of SO, to SO; and next to the aerosol of
H,SO,.

The calculations of SO, and H,SO, concentrations in the atmosphere are based on
the conventional Pasquill’s formula [5]:

HZ

70,0, exp( 202
where E — the mass rate of emission (mg/s), o, — coefficient of atmospheric diffusion in
the direction y (m), o, — the coefficient of atmospheric diffusion in the direction z (m),
i — arithmetic mean of wind speed for the air layer between the ground level and the
effective height of the pollution dose (m/s), and H — the effective height of the emission
source (m).

Assuming an arbitrary degree of SO, conversion, the following calculations were
performed.

(1) The concentration of convertible SO, using the formula

0,693 7
Cso, = S*exp|— .

Ti)2
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(2) The concentration of H,SO, generated in the conversion process by means of the

formula
i 0,693 7
CH2504 =158 |1—exp|— — ]

Ti/2

where 7 indicates the residence time in the atmosphere (7 = x/i7) ; 1.5 is the stoichiometric
coefficient for the conversion of SO, to H,SO,; 7/, stands for the half-time of SO, con-
version, and x represents the distance from the measuring point to the emission source
along the wind direction.

(3) The emission dose from equation

B CSOZ+CHZSO4K
where K is the ratio of admissible SO, to admissible H,SO,, whence
D = Cs02+3CHZSO4-

To verify the procedure assumed, SO, and H,SO, concentrations have been calculated
for a copper smelter emitting SO, together with metal-containing dusts which increase
the conversion rate. The amounts of SO, emitted reach 484 g/s, and the geometrical height
of the emitter is 150 m. The calculations of SO, and H,SO, concentrations were carried
out for a critical wind speed (u#,) of 1 m/s (the effective height of the emission source is
188 m) and the equilibrium states C and D. The SO, to H,SO, conversion was considered
as a function of the half-life of SO, (r,,). The accepted 7, ,-value ranged from 20 min
to Sh, which corresponds to the conversion rate varying from about 0.2 9, /min to 35 %,/min.
The results are presented in fig. 1-3.

From fig. 1 it is easily seen that the variations in SO, concentrations are the highest
at 7,,, = 20 min. The same is true for the concentrations of the generated H,SO,. The
maximum SO, concentration is then reduced from 1.7812 mg/m? to 1.4076 mg/m3. At the
assumed half-life time (7, ,, = 20 min) the maximum SO, concentrations appear at a dis-
tance (x) from the emission source, which in this case is smaller than that when no con-
version takes place (x = 500 m and 600 m, respectively).

Maximum concentrations of the generated H,SO, reach 0.5608 mg/m? (for Ty =
20 min) and appear at a distance of about 700 m. The gradient of H,SO, concentrations
is lower than that of SO, concentrations, because at a distance of some 1400 m from the
emission source the concentration of H,SO, continues to increase and prevails over SO,
present in the atmosphere.

It is evident that the pollution dose increases rapidly with conversion rate (fig. 4): from
1.8781 mg/m? at 7, = 5 h up to 3.0888 mg/m? at 7y, = 20 min! From fig. 2 it is readily
observed that at a wind speed (u) of 3.2 m/s the pollution radius is also significantly incre-
ased. At long distances from the emission source H,SO, concentrations exceed the origi-
nal concentration of SO,. The maximum concentration value of the generated H,SO, is
0.1495 mg/m? (for 7,,, = 20 min) and approaches half that of SO,.




320 T. A. Mahmoud, B. J. Gtowiak, A. Kuklinski

191 mg/m_?

>
O,
S

XXX

)

>
©
=

X
X

20°

12¢ ¥
11
1ot J
09t

081

Concentration

%

x7 x %%

071

06 207 3

X
X
X
3
X
X
X

05F 4 SN

041 /

/ 90’ 5,

/ 40
03t A e

5 60’

02f / =TT T T

oryr

Fig. 1. Atmospheric diffusion of SO, and H,SOu4 (712, equilibrium state 4, &= 1.0 m/s)

Cs0,, ——— CH,S04

Rys. 1. Rozklad stezer SO, i H,SO, przy zalozeniu konwersji dla réznych wartosci t1/2, stan
réwnowagi A4, i = 1,0 m/s

Cs0,, — —— CH,S04

For the atmospheric equilibrium state D (fig. 3), H,SO,4 concentrations are found to
be higher than those for the equilibrium state C — although the initial SO, concentrations
were lower. The maximum concentration of H,SO, is 0.1957 mg/m? (7,,, = 20 min).
At higher wind speeds the SO, pollution radius decreases rapidly and the pollution radius
of H,SO, increases.
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Fig. 2. Atmospheric diffusion of SO, and H,SO. (71/2, equilibrium state C, iz = 3.2 m/s)

Cs0,, - —— CH,S0,

Rys. 2. Rozktad stezen SO, i H,SO, przy zalozeniu konwersji dla roznych wartosci 71/2, stan réwnowagi
C, it =32 m/s

Cs0,, — — — CH,S04

Fig. 4 represents pollution dose variations as a function of weather conditions. These
variations are indicated by the increase of concentrations from 0.3752 to 0.6743 mg/m?3
(at x = 2500 m) and from 0.2818 to 0.6822 mg/cm? (at x = 6000 m) for the equilibrium
states C and D, respectively.

The results of our studies show that the conversion process yields considerable amounts
of H,SO, which contribute to the total pollution rate. For 7,,, Tanging between 20 min

4 — EPE 4/78
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Fig. 3. Atmospheric diffusion of SO, and H,S0.4 (7, /27 equilibrium state D, # = 3.2 m/s)

Cs0,, ——— CH,804

Rys. 3. Rozklad stezen SO, i H,SO, przy zatozeniu konwersji dla r6znych wartosci 7 1/2? stan rownowagi D,
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Fig. 4. Maximum SO, and H,SO4 doses
Rys. 4. Wykres maksymalnej dozy SO, i H,SO,4
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and 5 h the increase in the pollution rate related to the maximum values of initial SO,
concentrations equals 1.73-1.05 (equilibrium state A4), 1.923-1.070 (equilibrium state C)
and 2.822-1.166 (equilibrium state D).

The H,SO, pollution radius is also significantly increased. At a long distance from the
emission source, when H,SO, concentrations exceed the original SO, values, the con-
version process again contributes to an increase in the pollution rate, which may become
4.5 times that attributed to SO, concentrations alone, in the absence of SO, conversion.

3. CONCLUSION

The method presented makes it possible to calculate pollution dose variations due to
the conversion of SO, to H,SO,. Thus, it may be used to determine most disadvantageous
conditions when the pollution rate reaches its maximum caused by a simultaneous presence
of SO, and H,SO,.

If the real conversion time is known, the harmful effect of these compounds on the
environment can be easily predicted.
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OBLICZANIE ZMIAN DOZY ZANIECZYSZCZEN SPOWODOWANYCH KONWERSJA SO,
DO H,SO.

Przedstawiono metode okreslania zmian w strukturze pola emisji wywolanych przemiang dwutlenku
siarki w trojtlenek siarki, a nastepnie aerozol kwasu siarkowego. Do obliczen rozkladu przestrzennego
dwutlenku siarki i kwasu siarkowego zastosowano wzor Pasquilla, a zmiany w charakterze emisji oznaczono
obliczajac doze zanieczyszczen przy zatozonym dowolnym stopniu konwersji. Obliczenia przeprowadzono
dla huty miedzi, gdzie ze wzgledu na emisje pylow metalicznych katalizujacych konwersje dwutlenku siarki
problem ten ma szczegdlne znaczenie.

Stwierdzono znaczny wplyw stopnia konwersji tak na zwickszenie dozy zanieczyszczen, jak i zasiegu
szkodliwego oddziatywania zrodta. Opisana metoda moze stuzy¢ do znalezienia najbardziej niekorzystnych
warunkow, w ktorych wystepuje maksymalna doza zanieczyszczen pochodzaca z rownoczesnego wystepo-
wania dwutlenku siarki i kwasu siarkowego.
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BERECHNUNG DER VERANDERUNG DER SCHMUTZLAST BEI KONVERSION VON SO, ZU
HzSO4

Dargestellt wird eine Methode zur Bestimmung der Wechselvorgédnge in der Struktur des Immissions-
feldes, die durch die Konversion von SO, zu SO; und nachfolgend zum Aerosol von H,SO, verursacht
werden. Die Ausbreitung von SO, und H,SO, wird mittels der Pasquille-Formel berechnet; die Anderungen
im Immissionscharakter bestimmte man durch Berechnung der Schmutzlast bei beliebig angesetztem Kon-
versionsgrad. Als Rechnungsbeispiel diente eine Kupferhiitte, da bei der Emission von Metallstduben die
katalytisch wirken, der Konversion von SO, besondere Bedeutung zukommt.

Festgestellt wurde der bedeutende EinfluB des Konversionsgrades und das sowohl in Hinsicht auf die
zunehmende Schmutzlast, wie auch auf die Reichweite der schiddlichen Einwirkung der Emissionsquelle.

Die beschriebene Methode kann zur Festlegung ungiinstigster Verhiltnisse dienen. Die maximale
Schmutzlast kommt dann vor, wenn SO, und H,SO, gleichzeitig anwesend sind.

PACYET M3MEHEHUI [03bI 3ATPSI3HEHUN, BBI3BAHHBIX KOHBEPCUEN SO, B H,SO.

IlpencraBieH MeTOZ ONpeNeIeHHs] W3MEHEHWt B CTPYKType OOJAcTH UPOHMKHOBEHWS! MMMHUCCHH,
BBI3BAHHBIX NPEBPAIEHAEM ABYOKHCH CEpPBI 10 CEPHOrO aHTHAPHAA, & 3aT€M ad3pO30Jis CEPHOM KHCIOTHI.
Jlns pacyeTa IPOCTPAHCTBEHHOTO PACHpElerieHHs IBYOKHCH CEPbI M CEPHOH KHCIOTHI MPUMEHeHa (op-
Myna ITackmiumbl, a M3MEHEHWs B XapaKTepe IPOHMKHOBEHHSI ONMpEZEJICHBI IyTeM pacyeTa O3Bl 3arpss3-
HEeHWMil IPA TPeINOI0XEHHONH NIPOM3BOJIBHOM CTENeHH KOHBEPCHH. PacyeT nmpousBeleH Ay MeelIaBuiib-
HOTrO 3aBOJA, TIE M3-33 SMHCCHM METAJUIMYECKHX IIbIIeH, KaTaM3yIOMMX KOHBEPCHIO IBYOKHMCH CepbI,
ata npobiiemMa mMeeT ocoboe 3HAYEHHE.

OGHAPYKEHO 3HAYATETHLHOE BIMSHAEC CTCNCHH KOHBEPCHH KaK HA yBEIMYCHHE O3Bl 3arpsi3HCHHI,
TaK ¥ PaadyC BPEJHOTO BO3IEHCTBUs MCTOYHMKA. OIMCAHHBIA METOH MOXET HCIOIB30BATBCA IS ONpe-
neJleHnsi Hauwbosee HeOGNArONPUATHBIX YCIOBHIf, IPA KOTOPBIX 0Opa3yeTcss MakCHMaslbHAas 1032 3arpss-
HEeHHif, TPOMCXO/AMAs OT NapajlIeIbHOTO MOSBJICHNST OKACH CEPbl U CEPHON KHCIIOTHIL.




