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Overview 

Effect of Organic Gases 
With the term organic gases is meant a multitude of gaseous hydrocarbon combinations, e.g. 
benzene, toluene, xylene, hexane and octane. They originate from natural and anthropogenic 
sources. Due to the multitude of possible combinations a definitive limitation has not been possible up 
to now. It is just as impossible to perform routine, selective measurements of all hydrocarbon 
combinations. 

Methane is ignored in the consideration of the hydrocarbons. This gas is, because of its high stability, 
present in great quantities in the atmosphere. It is not included within this map because the 
contribution of urban emission to the air concentration is only slight. 

Organic gases and vapor emerge through 

 incomplete combustion of coal and oil, 

 evaporation and vaporization (cleaning, adhesives, paints and lacquers both during manufacture 
as well as in use), 

 direct emission through leakage (gas pipes) and 

 biological processes (disposal sites, agriculture, plants). 

They originate in considerable part from diffuse sources and are only with difficulty quantifiable. 

The discussion, which has increased in recent years, carried on around the hydrocarbon emissions 
and their effects on humans and the environment made the inclusion of these materials in the 
Environmental Atlas necessary. This is especially the case since it is no longer possible to deny the 
carcinogenic effects of some organic gases. 

In view of the complexity of the problem and the difficulties in the detection of the different substances, 
only the sum of the hydrocarbons and the single component, benzene, have been considered. 

Benzene causes humans demonstrable damage to bone marrow, leukemia and lymphoma (cf. Kalker 
1993). A similarly damaging effect, exemplary for other materials, can be attributed to toluene (cf. 
Blome 1986). Long-term exposure to trichlorethene (Tri) or tetrachlorethene (Per) causes damage to 
the central nervous system, the liver and kidney, while pentachlorphenol (PCP), which is used widely 
as a preservative and for wood protection, can cause liver cirrhosis, bone marrow loss and nerve 
damage (cf. BMUNR 1987). Methane has an impact as a climatically relevant gas. 

In the atmosphere, hydrocarbons under the effect of light contribute to photochemical reactions, in 
which nitrogen oxide and water vapor are also involved. Thereby ozone and other oxidants are 
produced (cf. Map 03.06 SenStadtUm 1994d). In so far as the hydrocarbons in the photochemical 
reactions are not transformed into methane and carbon dioxide or washed by rain from the 
atmosphere, they precipitate on surfaces. Here they can acquire a destructive effect. 

Limits 
There are up to now no legally determined pollution values for hydrocarbons. Only benzene has 
been assigned a limit in the draft for 23. Regulation 23 for the implementation of the Federal Air 
Pollution Control Law. Here a concentration value of 15 µg/m3 as of 1 July 1995 and/or 10 µg/m3 as of 
1 July 1998 as annual mean has been determined. When these limits have been exceeded then 
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restrictions on motor vehicle traffic should be considered. Beyond that only orientation values for 
individual organic gases have been set. 

Causes and Development of the Emissions of Organic Gases 
Figure 1 shows the development of hydrocarbon emissions in Berlin in the 80s. 

 

Fig. 1: Hydrocarbon Emissions of the Individual Polluter Groups in Berlin (Tons per Year) 

For reasons of consistency with the federal system of cadastre records, the emissions from 
households (use of paints, varnishes and solvents) in amounts of approx. 8,000 to 10,000 t/ a for the 
western part of Berlin and 4,000 to 6,000 t/ a for the eastern part are not recorded here. They are 
presented however in Map 03.08.4 and included in the dispersion calculation. The evaporation 
emissions from motor vehicle traffic have only been taken into account since 1985. In addition, these 
statements do not consider that the hydrocarbon emissions from domestic heating and traffic in all 
probability appear already shortly after emission not in gaseous form, but to a considerable extent as 
aerosols. 

In the emission statements for the year 1989, it can be seen that hydrocarbon emissions from traffic 
and domestic heating in the eastern part of the city are almost just as high and/or higher as in the 
western part, despite having only about half the population and a smaller number of motor vehicles. 
This is attributed to the high hydrocarbon emissions of two-stroke motor vehicles and coal fires used 
almost exclusively in East Berlin until 1989. 

In addition, it can be seen from Figure 1 that the motor vehicle traffic, with 51,900 t, discharges more 
than 60 % of total organic gas emissions (77,472 t). In comparison, only about 7 % (5,250 t) originate 
from domestic heating. 

If one assumes that motor vehicle traffic in the mid-50s totaled only about 15 % of today’s level (the 
number of motor vehicles has risen in West Berlin from 110,000 in 1955 to approx. 800,000 in 1989), 
however that domestic heating was still using almost exclusively coal, an increase the traffic 
emissions of approx. 8,000 on 52,000 t and a decrease of the domestic heating emission of approx. 
14,000 on 5,300 t has taken place in this period. According to this calculation, the sum of emissions 
from domestic heating and motor vehicle traffic has almost tripled since 1955. 

Indeed it should be taken into consideration that the specific hydrocarbon emissions from motor 
vehicles have been considerably reduced through the technical improvements in motors accompanied 
also by controls with the special exhaust test (ASU), since about the end of the 70s. Also the 
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introduction of the exhaust fume catalytic converter for passenger cars has contributed to a further 
decrease in hydrocarbon emissions (cf. Umweltbundesamt Federal Environmental Agency 1989). 

Altogether the spectrum of the hydrocarbon emissions has shifted from the materials contained in coal 
to those contained in gasoline. 

Statistical Base 

Emissions 
In order to provide a differentiated assessment of the causes of the hydrocarbon load in the air and to 
contribute to their elimination, emission data bases are kept for the main polluter groups industry, 
traffic and domestic heating. 

The data for the emission data base industry have been taken from the emission declarations of the 
large individual emitters (power, heating power and heating plants as well as industrial plants) which 
according to the regulations of the Federal Air Pollution Control Law must be submitted to the 
Pollution Control Agency by their operators every two years. For the eastern part of Berlin, the data 
from the former GDR Environmental Protection Agency were used. 

The emission data base traffic is based on the traffic survey from the traffic administration as well as 
the inventory of motor vehicles and their average road performance. The emission is calculated with 
the help of elements, which are determined for different vehicle classes. Distinctions are made 
between passenger cars and delivery vehicles with four-stroke engines, with and without exhaust 
fume cleaning, with two-stroke or diesel motors as well as heavy transport vehicle and busses. 

The benzene component of hydrocarbon emissions for all motor vehicles is to assumed to lie at 6 %. 

The emission data base domestic heating for the multitude of small heating systems in the urban 
area is laid out statistically. The heating requirements and the proportion of the heating types, e.g. 
coal ovens, central oil-fired heating, gas heating, electric and district heating in the built-up space has 
been determined for all residential units. Using specific factors from the heating types, the emissions 
for each individual housing block are determined. Where electric and district heating are used to 
satisfy heating requirements, these are discounted if the heat is produced by facilities subject to 
licensing. 

All assessment and calculations are adjusted with the energy balance in which the entire consumption 
of fuels in Berlin is compiled. 

The other households emissions of organic gases were estimated and distributed according to the 
population density of the urban area with the help of statements about the consumption of solvents, 
cleaners, paints and varnishes in Berlin. 

Calculated Pollution 
The pollution calculations have been undertaken separately for large individual emitters and the 
polluter groups traffic and domestic heating with the help of a computer-supported meteorological 
expansion model (cf. Fath et al. 1991). 

For the dispersion calculations, the domestic heating and traffic emissions are distributed evenly 
over grid sections by 500 x 500 meters. Certain emission levels are attributed to them, while the large 
individual emitters are registered in the calculations according to their respective chimney location and 
the chimney elevation. 

For the calculations is assumed that the pollutant particles contained in the trails of smoke are 
transported and expand vertically with the wind to the mean transport direction vertically and 
horizontally in the form of a normal distribution. At that altitude, it can only disperse in this way until a 
temperature inversion prevents further expansion. In the calculations, wind direction, wind speed, 
turbulent dispersion capacity of the atmosphere and the inversion altitude are included. In addition, it 
has been taken into account that the heating requirements and thus also the pollutant emissions rise 
substantially in the winter with decreasing temperature. 

Since the model calculations assume an unhindered expansion of the pollutants and because the 
domestic heating and traffic emissions are generally assigned to grid sections of 500 x 500 meters, 
the calculation results represent measuring positions which are ordered in greater distance (more than 
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20 m) from pollutant sources, particularly streets. The pollutant concentration is calculated for about 
100 sampling points, which are distributed throughout the entire urban area. 

Measured Pollution 
In 1991, pollution measurements for hydrocarbons at twelve measuring positions, from which eleven 
at locations of stations of the Berlin Air Quality Monitoring Network (BLUME) lay (cf. Map 03.08.9), 
were carried out in Berlin (cf. TÜV Berlin-Brandenburg 1992). Among other things the aromatic 
hydrocarbons benzene, toluene and xylene as well as all of the aliphatic and aromatic hydrocarbons 
from hexane to naphtalin, calculated as octane, were determined by sampling. 104 measurements, 
each for material and place, were taken evenly distributed throughout the year. 

The tests were made on workdays between 6 and 18 o’clock. The air was sucked 15 minutes long 
through activated charcoal pipettes. The content was analyzed in the lab using gas chromatography 
with flame ionization detection. To achieve the highest degree of comparability among the random 
sample results, all measuring positions were always examined and tested on the same day. 

Six measuring positions lay in the west part and six in the east part of the city. A measuring point was 
laid out in the Grunewald distanced from emittents. Three measuring points lay in direct vicinity of the 
street, and of course on the city expressway in Charlottenburg, at the Karl-Marx-Strasse in Neukölln 
and at the intersection of Frankfurter Allee/ Warschauer Strasse in the borough of Friedrichshain. The 
other measuring points represent the air burden in residential areas. 

In the stations in West Berlin (except that in Grunewald) the proportion of benzene concentration in 
the measured sum of the hydrocarbons lay at 6.5 % (+/-0.3), in the stations in East Berlin at 5.3 % (+/-
0.3). The clear difference can be traced to the fact that the very high hydrocarbon emission in East 
Berlin from the widely-spread two-stroke motor vehicles has a smaller benzene component than that 
from the four-stroke motor vehicles in West Berlin. 

Detailed investigations by the Federal Public Health Agency as to the spectrum of the hydrocarbons in 
the air suggest that in each of the random samples of hydrocarbons amounts respectively more than 
80 % of the hydrocarbons contained in the air have been recorded (cf. Lahmann 1980). 

Methodology 
Since up to now there are only few pollution measurements of organic gases in Berlin, only the 
emissions and calculated pollution for all non-methane hydrocarbons are presented. To get a picture 
of the varied distribution within the urban area, the emissions are shown on the 1 x 1 km grid. The 
calculated pollution are collated with 100 sampling points which have been set up on the outskirts of 
the city in the 4 x 4 km grid. In the inner area the point density has been increased. 

The interpolation was performed manually. Additionally, the respective values for benzene at the 
BLUME measuring stations are presented distinguished by type of station. The 1998 anticipated 
intervention level in the draft to 23 BImSchV is applied for comparison. 

Map Description 

Emissions and Calculated Pollution 1989 
In the four Maps 03.08.1, 03.08.2, 03.08.3 and 03.08.4, the emissions are presented for the main 
polluter groups industry, traffic, domestic heating and households respectively in 1 km2 -grid sections 
for 1989. The Maps 03.08.5, 03.08.6 and 03.08.7 give the 1989 calculated annual mean for the 
named main polluter groups for the hydrocarbon burden in Berlin air. 

Industry 
The Map of Industry Emissions of hydrocarbons (03.08.1) shows another picture from the maps of 
sulfur dioxide, nitrogen oxide and dust (cf. Maps 03.01, 03.03 and 03.04, SenStadtUm 1994a-c). Of 
course isolated emission maximums can also be recognized in this map. However, they often do not 
lie near the locations of power plants. Rather they are found near large tank farms or industrial plants 
in which larger quantities of hydrocarbons are used. Indeed in the eastern part of the city, the most 
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noticeable heating power plants are also in Rummelsburg and two heating plants in the Köpenick 
borough. 

The Map of Calculated Pollution for the polluter group industry (03.08.5) shows an altogether 
balanced picture with inner city values of 30 to 50 µg/m3. Two pronounced maximums in the boroughs 
Spandau and Köpenick, with values of 130 and 108 µg/m3 which were calculated only at one to two 
sampling points, indicate the local influence of relatively large pollutant sources (e.g. tank farms) with 
slight emission levels. 

Traffic 
The Map 03.08.2 of the Emissions of the Motor Vehicle Traffic shows road traffic to be the most 
important emitter group. The highest traffic-conditioned emissions were measured in the eastern inner 
city. The maximum is indicated for Alexanderplatz. Also the main traffic arteries Schönhauser Allee to 
north, Landsberger Allee to the northeast, Frankfurter Allee to the east and Adlergestell to the 
southeast are clearly identifiable. This is above all attributable to the high emission from vehicles with 
two-stroke engines. With the reduction of the number of Trabant and Wartburg vehicles, the 
maximums have since been reduced to the level of western streets. In the west part of the city, the city 
expressway and the East-West axis along the Bismarckstrasse and Kaiserdamm are especially 
prominent. However, distinct focal points are not identifiable. 

Due to the low height of motor vehicle emissions and the resulting close correlation of emission and 
pollution, the Map 03.08.6 of Calculated Traffic Pollution essentially reflects the structure of the 
emission field. At Alexanderplatz, the location of the emission maximum of 535 t/km2 and year, also 
the maximum pollution concentration by about 400 µg/m3 has been calculated. It is to be interpreted 
as medium area related background concentration because of the ordering of the emission in grid 
sections. 

Based on a benzene component of 6 %, as assumed for traffic related pollution calculations, the total 
of all calculated hydrocarbons of 400 µg/m3 corresponds to a benzene concentration of approx. 24 
µg/m3. This is 3.5-fold the value to be expected from the measurements. 

In the western part of Berlin, the calculated values lie at about 200 µg/m3 at the measuring points in 
Wedding and Neukölln. That corresponds to a benzene concentration of 12 µg/m3, which is about 
twice as high as the mean measurement values of 5.3 and 5.6 µg/m3. 

The discrepancy between the measurement results and the calculations, which is even substantially 
greater if the pollution from the other polluter groups is taken into account, can have several grounds: 

On one hand it is assumed that actually a part of the traffic and domestic heating-induced 
hydrocarbon emission already shortly after the discharge into the atmosphere cease to appear as 
gaseous air pollution. These substances fall out either through condensation, precipitation with dust 
particles or deposits on the ground. However, they are retained in the pollution calculations as gases. 
Secondly the emission height for motor vehicles for the dispersion calculations must be given 
hypothetically since a free flow of car exhaust fumes is not given equivalent to trails of smoke. The 
assumed emission height of two meters for surface area related calculations, with which the pollution 
is to be determined in residential areas, was most probably too low. In addition, nitrogen oxide levels 
were probably overestimated (cf. Map 03.03.6 SenStadtUm 1994b). A third reason lies in the temporal 
difference between the pollution measurements and the dispersion calculations. The emission 
statements were calculated for 1989 while the measurement values apply to 1991. It is to be assumed 
that in the mean time emissions have decreased because of the drop in the number of vehicles with 
two-stroke engines. It would appear that the dispersion calculations for the eastern part of the city are 
clear overestimations in comparison to those for the western part of the city. 

Quantitative evaluation of the different influences is the object of further investigations by which the 
calculated pollution fields of nitrogen oxide, sulfur dioxide and sulfur dust also are drawn for 
comparison. 

On the other hand the calculated pollution field serves to illustrate essential features of the distribution 
of the pollutant load in Berlin air. It elucidates already the high influence of motor vehicle traffic on the 
hydrocarbon load in the air. This is also demonstrated by the measurement results. 
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Domestic Heating and Households 
The Map Emissions from Domestic Heating (03.08.3) shows altogether in the eastern part of the 
inner city higher values than in the western half, just as in the case of road traffic. The maximum lies in 
Prenzlauer Berg, the area with the highest residential density in Berlin. In addition this part of the city 
is still heated primarily with coal ovens and coal central heating. From the high hydrocarbon emissions 
of 145 t/km2 and year along with the estimated additional emissions from households due to use of 
paints, varnish and solvents amounting to 74 t/km2 and year, a pollution concentration through 
domestic heating and households has been calculated at 100 µg/m3. Also this calculation result 
must be seen as too high and will be checked by further investigations. 

Using the depiction of domestic heating and other household emissions, it becomes clear that, 
independent of the absolute amount of calculated pollution concentration, lignite combustion in small, 
insufficiently adjustable heating systems has a significant impact. 

Measured Pollution - Annual Mean - Benzene 1991 
In the Map 03.08.9, the Annual Averages for Benzene Concentration measured in 1991 are 
presented. They exhibit great variances with a minimum value of 1.6 µg/m3 at the measuring points in 
Grunewald and maximum values of 10.4 to 14.5 µg/m3 at the street-side measuring points. These 
values exceed the limit of 10 µg/m3(as of 1998) for benzene at the street-side monitoring stations 
currently being discussed. The measurements were within the 15 µg/m3 limit set by the draft 23 
BImSchV as of 1995. 

On the basis of dispersion calculations for traffic corridors (cf. SenStadtUm 1992), it can be assumed 
that in many streets with closed edge development and high traffic volume similarly high values 
appear. The results of an in-depth study to assess the air pollutant emissions in the main streets of 
Berlin demand upon application of the draft 23 BImSchV presented by the federal government, that in-
depth investigations be carried out in approx. 15 % the street sections since it is to be expected that 
the anticipated concentration values from 1 July 1995 will be exceeded (cf. Blümel 1994 and IVU 
1993). 

At the measuring positions not directly influenced by motor vehicle traffic, the values lay between 3.8 
and 7.8 µg/m3. For the Berlin inner city, a median value of around 6 µg/m3 can be assumed. In the 
western part of the inner city, the value lies closer to 5.5 µg/m3, in the eastern part to 6.5 µg/m3. 

Based on measurements in the western inner city, an average concentration of about 110 µg/m3 for 
the sum of the hydrocarbons can be expected. In the eastern inner city, the concentration lies 
somewhat higher, with about 150 µg/m3. At the street-side monitoring stations values of even 180 to 
300 µg/m3 can be derived from the measured concentrations. 
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