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ABSTRACT 

Measurements were carried out to determine the seasonal and diurnal variations of the 
size distribution of sulfate particles. The results of these measurements show that there 
is an unambiguous seasonal variation which is caused by the changes of the relative 
humidity of the air. On the other hand no diurnal variation was found because during 
the sampling time the relative humidity was smaller than the value necessary for the 
phase transition of the particles. The measured growth with increasing relative humidity 
of the mass median radius of sulfate particles is practically comparable with the theo- 
retical growth of a pure ammonium sulfate particle having a 0.14 ,u dry radius. On the 
basis of these findings the mechanism of the sulfate particle formation is briefly dis- 
cussed. 

Introduction 

Some data of the size distribution of water 
soluble particles were previously presented 
(MBszAros, 1968). However, it should be pointed 
out that these distributions were based on 
measurements carried out during a relatively 
short time period. Therefore in this paper the 
results of an extensive sampling program are 
described, when the sampler was operated dur- 
ing 200 days (in the period from March, 1967 to 
February, 1969). This makes it possible to 
group the data in the summer (April-Septem- 
ber) and winter (October-March) half years. In- 
dependently of these samplings, daytime and 
night measurements were made to estimate the 
diurnal variation. 

In  this work only the size distribution of sul- 
fate particles is discussed. It is assumed that 
these particles are mainly composed of ammo- 
nium sulfate. The size distribution of ammonium 
particles was also measured in this program, 
but it is difficult to compare their size distribu- 
tions with that of sulfate nuclei because an 
important ammonium excess was found (MBs- 
z l o s ,  1968). 

The samples were taken and analysed in the 
Aerological Observatory of Budapest in the 
same way as described by MBszAros (1968). It is 
to be noted, however, that the membrane filter 
samples (fifth stage in a Casella cascade impac- 
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tor) were corrected by collection efficiencies 
measured by two filters connected in series 
behind the impactor (these collection efficien- 
cies for Aitken sized sulfate particles were 
around the value of 90%). 

Seasonal variation 

The fraction of sulfate particles in terms of 
percentage of the total maw for the different 
size ranges and seasons is given in Table I. The 
size limits in the first  column are defined aa 
radii having 50 % collection efficiency on the 
different stages of the sampler. One can see 
from these data that there is an unambiguous 
seasonal variation of the size distribution, where- 
as the total concentration, in agreement with 
previous findings (Bhis ,  1968; Georgii et al., 
1968), remains practically constant. I n  the 
winter months the sulfate fraction in the giant 
range is larger, while in the range of Aitken 
particles it is smaller than in the summer. On 
the other hand, in the large size range the rela- 
tive amount of the sulfate maw is the same in 
the two half-years. 

To obtain a better understanding of the sea- 
sonal variation of the size distribution of sulfate 
particles, the data were plotted on logarithmic 
probability paper (Fig. 1). It is to be noted that 
in the summer half-year only such measure- 
ments were considered when all the four stages 
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Table 1. Size distribution and concentration of 
sulfate particles in the summer and winter half- 

year (second line: days of sampling) 
~ 

Summer, % Winter, % 
Size range, p 80 days 120 days 

r > 3.6 5 8 
3.6 > r > 1 . 2  6 12 

16 
25 

1.2 >r>0.46 
0.46 >r>0.14 

r<0.14 49 39 

40a 

Zpg m-3 STP 5.3 4.7 

a In the summer half-year during 45 days the 
third stage of the impactor was not operated. 

of the impactor were operated (35 days). It is 
seen from this figure that sulfate particles are 
about two times larger in the winter than in the 
summer, but the form (dispersion) of the distri- 
bution is the same. Thus, in the summer the 
mass median radius is 0.11 p, while it is 0.24 p 
in the winter half-year. The upper geometric 
deviation, the measure of dispersion defined as 
the ratio rw,%lrj0%, is about 10 independently of 
seasons. 

Diurnal variation 

Twenty-eight daytime (from sunrise to sun- 
set) and 28 night (from sunset to sunrise) sam- 
plings were carried out during the period Feb- 
ruary to July, 1969, to estimate the diurnal 
variation. Ten of these daytime-night samples 
were taken in the winter. while the other meas- 
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Fig. 1. Size distribution of sulfate particles in the 
summer and winter half-year (the ordinate indicates 
in per cent the mass of the particles of radius smaller 
than r ) .  
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Fig. 2. Size distribution of sulfate particles in day- 
time and night (the ordinate indicates in per cent 
the mass of the particles of radius smaller than r). 

urements were made in the summer half-year. 
Fig. 2 shows the size distributions obtained in 
this way. It can be seen that practically there is 
no difference between them. This constatation 
is also valid for the total mass concentration of 
sulfate particles which was found to be about 
the same in the daytime (4.8 pg m-3 STP) and 
night (5.8pg m-3 STP). These findings are in 
agreement with the results of Wagman et al. 
(1967) gathered for polluted atmosphere in 
U.S.A. 

Cause of the seasonal variation 

It was previously found that, in agreement 
with expectation, the size distribution of sulfate 
particles depends upon the relative humidity of 
the air. Thus, Wagman et al. (1967) showed that 
the mass median diameter of sulfate particles 
becomes larger if the relative humidity increases. 
They concluded, however, that ". . . any attempt 
presently to construct a theoretical humidity 
dependence for comparison with these results 
would be extremely tenuous . . .". On the other 
hand MBszBros (1968) demonstrated that the 
fraction of the sulfate mass in the Aitken size 
range decreases with increasing relative humid- 
ity. These conclusions were based upon meas- 
urements carried out during a short sampling 
period, thus it is of interest to re-examine this 
problem in detail. 

In  this program the sampling times were five 
days. For one sampling period the average rela- 
tive humidity was determined from observa- 
tions of three hours. The mean fractions of sul- 
fate particles in different size ranges as a func- 
tion of the relative humidity are shown in the 
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Fig. 3. Fraction of the mass of sulfate particles as a 
function of the relative humidity of the air (numbers 
in parenthesis are the sampling days). 

Fig. 3. It can be seen that with increasing rela- 
tive humidity the fraction in the giant range 
increases, in the large range it practically re- 
mains constant while in the Aitken range, after 
a certain value (75%), it decreases. The march 
of the Aitken sized sulfate particles makes it 
possible that the phase transition takes place 
around 80 % relative humidity. 

Fig. 4 shows the connection between the mean 
mass median radius and relative humidity 
(crosses in the figure). The solid line gives the 
theoretical curve calculated for an ammonium 
sulfate particle having a 0.14 ,~  dry radius. 
These calculations were made according to 
MBszAros (1969) for T =273 KO. It can be seen 
that the agreement between the measured 
points and the theoretical curve is good. It is 
interesting to remark that for any types of 
mixed particles the agreement was worse, in 
spite of the expectation. 

03 0,2 QS qc 
Fig. 4. Connection between the relative humidity 
and the mean mass median radius (crosses). The 
solid line indicates the theoretical connection for an 
ammonium sulfate particles having a 0.14,~ dry 
radius. Number of sampling days a8 in the former 
figure. 
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Taking into account that in the sum- 
mer and winter half-year the average relative 
humidity for the sampling period was found to 
be 69 % and 86 % respectively, the seasonal var- 
iation can easily be explained on the basis of 
relative humidity changes alone (see Figs. 3 and 
4). It also follows from these figures that below 
humidities of 8&85 % the size distribution 
must be practically the same which gives an 
explanation that no diurnal variation was 
found. That is, during the daytime and night 
samplings the mean relative humidities were 
67 % and 74 % respectively. 

Thus, according to Figs. 3 and 4, it is possible 
to draw the conclusion that the mean size 
distribution for the summer half-year refers to 
the distribution of dry particles. In the case of 
dry particles about 50% of the sulfate maaa is 
in the Aitken size range, while in the large and 
giant size ranges the corresponding values are 
40% and lo%, respectively. Of course, an im- 
portant fluctuation can be observed around 
these mean values. 

Discussion 

It is well known that two explanations have 
been suggested for the formation of sulfate 
particles (Junge, 1960): photochemical oxida- 
tion of sulfur gases in the gas phase and their 
catalytic oxidation in cloud droplets. Georgii 
et al. (1968) propose that the temporal and 
spatial uniformity of the maw concentration of 
sulfate particles can be explained by the latter 
process. The results presented in this paper also 
show that the sulfate mass concentration is 
independent of seasons and parts of the day. 
Further, the dispersion of the size distribution is 
always constant which suggests that the same 
sulfate formation (and modification) process is 
permanently operating and only the size of 
particles is changing as a function of the rela- 
tive humidity. This formation process cannot 
be the photochemical oxidation in contrast with 
the previous assumption of the present author 
(MBszAros, 1968). Thus it seem that the cata- 
lytic oxidation is the main cause of the sulfate 
formation. In  this cam the average size of sul- 
fate particles should be explained by this mech- 
anism. Assuming a 8 p average cloud droplet 
radius and a 5pg/ml sulfate concentration in 
cloud water, it is a simple matter to show that 
after the evaporation of such a droplet an am- 
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monium sulfate particle of 0.125 p dry radius is 
obtained. This value is in good agreement with 
the mean mass median radius of dry particles 
measured in this program. 

Finally it is to be noted that the above con- 
clusion does not exclude the possibility that 
photochemical processes are acting in the lower 
atmosphere. According to this model the maas 
concentration and the size distribution of the 
sulfate mass can be explained by the catalytic 
oxidation alone. However, there is no intention 
here t o  suggest that this mechanism is neces- 
sarily satisfactory for the explanation of the 
number of small sulfate particles. Thus Clark & 

Withby (1967) recently observed that the num- 
ber of atmospheric particles (sulfate 1 )  in the 
range of 0.001-0.015 p increases considerably in 
midday hours (mainly in weather without 
clouds), but the mass concentration of these 
particles seems to be too low even if their num- 
ber concentration is very important. 
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CEBOHHbIE M CYTOqHbIE BAPBALIBM PACnPEAEJIEHBH IIO 
PABMEPAM &JIH CYJIbDATHbIX qACTBU B ATMOCmEPE 

B M ~ H  nposeAeHH U ~ M ~ ~ ~ H H F I  a m  onpeneneHm 
C ~ ~ O H H M X  II cyTosHbIx sap~aqnB pacnpegeneHm 
It0 pa3MepaM CyJIb@aTHbIX YaCTHq. Pe3yJIbTaTM 
M3MepeHHfi nOKa3bIBaIOT, 'IT0 CyweCTByIOT Onpe- 
AeJIeHHMe Ce30HHbIe  BapHaqHH, BbIBbIBaeMble 
HaMeHeHHFIMH OTHOCHTeJIbHOfi BJIaWHOCTH B 0 3 -  

HafineHO H e  BMJIO, IIOTOMy 9 T O  BO BpeMR aa6opa 
npo6 OTHOCRTenbHaR BJlaWHOCTb 6 ~ n a  MeHbILle, 

nyxa. C gpyroti CTOPOHH, CYTOYHMX sapnaqnti 

Y e M  3 T 0  HeO6XOAHMO AJIX @a30BbIX IIepeXOAOB 
B sac~wqax. I 1 3 ~ e p e ~ ~ ~ t i  POCT cpenHero no 
Macce panHyca sacTm cynb+aToa c ysenxse- 
HHeM OTHOCHTeJIbHOfi BJIBXHOCTH ItpaKTHYeCKH 
CPaBHHM C TeOpeTHYeCKHM POCTOM VaCTHllbI YHC- 
TOrO CepHHCTOrO BMMOHIIR, MMeIOwefi PaAMyC B 
CyXOM COCTOIIHHH 0,14 NKM. Ha OCHOBe 3THX 
pe3yJIbTaTOB KpaTKO 06cymnae~c~ MeXaHH3M 
$OPMHPOBaHAR CyJlb@aTHbIX 'IaCTHq. 
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