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ABSTRACT. The study of a regional Suess effect is based on three sets of samples of atmo- 
spheric Cn2: 1) a series of samples collected at the same site in Gliwice from 1980 to 1984, 2) 
samples collected simultaneously at different sites within the limits of an urban and industrial 
region of Upper Silesia, and 

3? 
samples collected simultaneously outside this region along an 

eastern direction. Results of 4C concentration measurements show systematic decrease of 14C with the rate close to the corresponding value for clean air. Depletion of 14C concentra- 
non was found to be virtually the same in the whole urban area. Analysis of regional synoptic 
data reveals correlation of individual &4C values with wind direction, frequency of calm, and 
vertical stability of the atmosphere. 

INTRODUCTION 

Since the early studies of Suess (I 955) the effect of fossil fuel CO2 
admixture on the C level in atmospheric CO2 has been investigated by 
many researchers. Global increase of the CO2 concentration in the atmo- 
sphere due to fossil fuel combustion has been described by Keeling (1973). 
The global Suess effect has been studied intensively in recent years, includ- 
ing both high-precision measurements of '4C in tree rings from the last cen- 
tury (cf Tans, de Jong & Mook,1979) and model predictions of present and 
future 14C levels in global reservoirs (Bacastow & Keeling, 1973; Oeschger 
et al, 1975; Stuiver & Quay, 1981). 

It seems, however, that too little attention has been given to studies of 
the Suess effect on a local or regional scale. Any separate region with great 
concentration of industry and/or high population density must be 
regarded as a surface source of fossil CO2. The atmosphere over such a 
region should be then treated as a transient local reservoir with diffusive 
boundaries and highly complicated response function to a given input sig- 
nal. The modeling of 14C levels in such reservoirs seems to be necessary for 
further understanding of the carbon cycle in nature. Different mathemati- 
cal models developed in recent years to describe atmospheric transport and 
dispersion of gaseous effluents, and discussed by Miller (1984), would be 
useful in modeling of the local or regional Suess effect. However, in addi- 
tion to scattered data on 14C levels in some urban areas there are only a few 
papers dealing with well-defined sites or regions (Vogel & Uhlitzsch, 1975; 
Freundlich, 1979; Lewin, Munnich & Weiss, 1980; Segl et al, 1983; Flor- 
kowski & Kuc, 1979). 

The aim of our study is a model description of the regional Suess effect 
in the Upper Silesia urban area. We present here the results of the first 
stage of this study, which include evaluation of the magnitude of the fossil 
fuel effect and its time and territorial variability, estimation of the charac- 
teristic dimension of the reservoir, and finally, the correlations with some 
regional synoptic data. 
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SAMPLING AREA 

The area of our study coincides with the Silesian Upland and corre- 
sponds to administrative boundaries of the Katowice district. Mean popula- 
tion density is equal to 525 inhabitants per km2. Two regions of extreme 
high population density are in the Katowice district, ie, the Upper Silesia 
area and the vicinity of Rybnik (with ca 1300 and 900 inhabitants/km2, 
respectively). This is also the region of greatest concentration of heavy 
industry in Poland. Total consumption of pit coal could be estimated to ca 
12kt per km2 per year. Most samples were collected in Gliwice, the western 
part of this area, others in areas approximately on a west-east line between 
Gliwice and Sosnowiec. Two sampling sites (Raciborz and Rybnik) are ca 40 
and 30km SW of Gliwice, respectively. 

LABORATORY METHODS 

Samples were collected as in the study of Nydal, Lovseth and Gulliksen 
(1979) by static absorption of CO2 in NaOH solution. Ca 31 of 1/2 N NaOH 
were placed in an open dish (ca 1m2) and exposed to the atmospheric air for 
one week. In an industrial area dishes were exposed on roofs of the build- 
ings ca IOm above ground level; in rural areas samples were collected at 
farms at least 100m away from roads (cf Freundlich, 1979). Only distilled 
water was used to avoid contamination. After exposure, the samples were 
transferred to plastic bottles and sent to the laboratory where a hot solution 
of CaCl2 was added in excess and CaCO3 was precipitated. CO2 was pro- 
duced from CaCO3 in the next step by adding 8% HCl in vacuum. 

RESULTS AND DISCUSSION 

The magnitude of the regional Suess effect is expressed by the parame- 
ter 145, defined as 

S 
Q 14 - 014C 

14 = 
o 

14 
100%, (1) 

0 Co + 1000 

where &4C is the measured concentration of 14C in a sample, according to 
Stuiver and Polach (1977), and 4C() is the corresponding 14C concentra- 
tion in "clean air." Values of 014C() were estimated from the data of Nydal 
and Lovseth (1983) by least squares fitting of exponential curve 

4Co = 372 exp (-0.0582 t), (2) 

where t-time elapsed since 1976/01/01. This time dependence is very close 
to that obtained by Segl et al (1983) from linear fitting of their own data. 

Magnitude of the Suess Effect 

The values of 14C of CO2 samples collected in an urban area since 
February 1980 to April 1984 are shown in Figure 1. Only a few points lie 
above the "clean air" level, marked by a solid line (eq 2). The first series of 8 
samples collected in 1980 gave similar values of a14C and 14S, with a mean 
value, 14S = -5.1 7 ± 0.41%, coinciding with the value 14S = -5.84 ± 1.0%, 
obtained on a CO2 sample collected in Gliwice in January 1974. To check 

https://doi.org/10.1017/S0033822200007852 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200007852


300 

a14c 

/' 

200 

Regional Suess Effect in Upper Silesia 

1980 1981 1982 1983 1984 
TTTTTTTTTT T TTTTTI T 

0 0 

6LIWICF 
X SOSNOWIC 
o C44ORZ6W 

R,* CBbRZ 
+ ZA,RZE 
D KATOW I CE 
QRThNIK 

I 

-.-.-. 

d14 
C0 

0 

657 

1980 1981 4982 1983 1984 

Fig 1. Results of 14C measurements in samples of atmospheric CO2 from an Upper Silesia 
urban area. All data points follow approximately the same errors of 6 to 80/so (1Q). 

the assumption of a constant level of 4C over the whole urban area, a series 
of CO2 samples was collected at the same time from 5 sites along awest-east 
line. The obtained mean value 14S 

= -5.54 ± 0.40% is close to previous 
values. 

Time Variations 

The values of 4140 in Figure 1 do not show pronounced summer-win- 
ter variations, similar to those found by I_,ewin, Munnich and Weiss (1.980). 
Despite this, the lowest values occur in winter months, and 3 out of 4 points 
exceeding the "clean air" level are found in samples collected in spring and 
summer. Such a different pattern of 14C variations in our region as com- 
pared to the Heidelberg data is caused by the two factors: 1) a significant 
amount of fossil CO2 produced by heavy industry, which is not subject to 
seasonal variability, and 2) different topographic features of both regions. 

Fitting a straight line to the data shown in Figure 1 gives smoothed 
time dependence 

'4C=254- l9.6 t (3) 

where t denotes time in years from the beginning of 1980. This dependence 
is shown in Figure 1 as a dashed line, together with the solid line denoting 
the "clean air" level, obtained from extrapolation of Eq 2. In linear 
approximation, we obtain 

TTT 

W. 

14C = 295- 17.2 t. (4) 
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Using Eqs 3 and 4, the smoothed time dependence of the Suess effect over 
the Upper Silesia urban area takes the form: 

14S = -3.16 - 0.242 t. (5) 

Territorial Range of the Suess Eifeet 

Two series of atmospheric CO2 samples were collected along a west- 
east line beyond the boundaries of Upper Silesia. The first series collected 
1981/06/06-15 include samples from Gliwice, Jedrzejow (120km E), 
Iwaniska (240km E), Janow Lubelski (390km E), and Hrubieszow (470km E 
of Gliwice). The second series, collected 1984/04/19-25, includes samples 
from sites between Gliwice and Iwaniska. The obtained values of 14S are 
shown in Figure 2. Unexpectedly low values of '4S in both samples from 
Iwaniska could possibly be explained by admixture of fossil fuel CO2 from 
local sources in Poaniec and Ostrowiec. After rejecting three outlying data 
points (in parentheses), we obtained strictly linear dependence of In (-14S) 

upon distance, leading to: 
14S = -5.0 exp (-0.0072 d) (6) 

where d-distance (in km) of Gliwice. The mean relaxation length, lr, of the 
regional Suess effect is then estimated to lr = 140km, though due to scarce 
data, this figure indicates the order of magnitude only. 

Correlations with Some Meteorologic Parameters 

Due to the very rapid mixing rate of the atmosphere, the studies of 
local or regional Suess effect based on 14( measurements in atmospheric 
CO2 must account for the physical state of the atmosphere during the 
period of sample collection. Such effects were observed by Nydal and 
LOvseth (1983) in their 14(; measurements from Santiago de Compostella. 
In our analysis, we used 31 values of 14C in samples collected in Gliwice 
from 1980-1983. First, the large scatter of 14S values was observed in sam- 
ples collected during periods of dominating winds from the southwest. 
Samples were then excluded from further analysis that were collected when 
the frequency of winds from the southwest was >40% and the mean wind 
velocity from this direction was >4m/s. The resulting data set, consisting of 
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Fig 2. Exponential decrease of the Suess effect beyond an Upper Silesia urban area 
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Fig 3. Dependence of the Suess effect upon the mean wind frequency from NE-SE and 
calm. Correlation coefficient r = 0.4$7, critical value ra = 0.34 for a = 0.1. 

23 results, was then analyzed to find dependence of 14S upon the following 
parameters: 1) mean wind velocity, v; 2) joint frequency of winds from NE- 
SE and a calm, f; 3) vertical stability of the atmosphere, s. 

1) No significant dependence was found between 14S and v. The corre- 
lation coefficient r(145, v) = 0.275 is less than the critical value at the signif- 
icance level a = 0.1, ra = 0.34. 

2) This dependence is shown in Figure 3. A distinct increase of 14S 

occurs with the increasing parameter f. The correlation coefficient r (145, 

f) > ra = 0.34 fora = 0.1. 
3) The parameter s, used to describe the vertical stability of the atmo- 

sphere, is defined as the ratio of the number of days with unstable equilib- 
rium of the atmosphere to the total number of days of sample collection. 
This dependence is shown in Figure 4. Two groups of points clearly show 
quite different behavior. Group A, corresponding to a highly stable atmo- 
sphere (s < 0.1) shows a large scatter of 14S values, while group B reveals sig- 
nificant dependence of 145 upon s, with correlation coefficient r(145, s) _ 
0.687>ra=0.55fora=0.1. 

CONCLUSIONS 

The experimental data presented in this paper and the results of some 
calculations lead to the conclusions that 

1) a virtually constant 14C level in the whole urban area of Upper Sile- 
sia confirms our assumption that the study area can be treated as the uni- 
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Fig 4. The effect of the vertical stability of the atmosphere on the measured 14S values in 
atmospheric CO2 samples 
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form surface source of fossil CO2 with a characteristic dimension of ca 
10km2; 

2) more accurate determination of the territorial range of the regional 
Suess effect should be based on series of 14C measurements in plant sam- 
ples; 

3) group A of results in Figure 4 shows the kind of memory effect of 
the atmosphere over the studied area, ie, in periods of highly stable atmo- 
sphere (s < 0.1) the measured 14C level reflects the previous-time level. 
Group B in Figure 4 indicates that the mean residence time of the local 
fossil fuel CO2 is equal to ca 3-4 days. 
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