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Some results of ongoing projects in the Federal Republic of Germany

1.) Sources and sinks of relevant compounds

Estimates on the production of chlorinated methanes and ethanes in the

Federal Republic of Germany (1979) are given in table I

Table I

Production data

Compound
Production (Fed.Rep.


of Germany, 1979)



tons

Methyl chloride
(CH3CI)

50 000

Methylene chloride
(CH2Cl2)

55 000

Chloroform
(CHCI3)

41 000

Carbon tetrachloride
(CCl4)

207 000

Dichloroethanes
(C2H4Cl2
1
300 000

Trichloroethanes
(C2,H3C3)

100 000

1,1,1‑Trichloroethane
(CH3CC3)

32 000

Trichloroethylene
(C2HCI3)

47 000

Perchloroethylene
(C2Cl 4 )

126 000

Total emission data are varying from compound to compound and usually are not available. The emissions of CC1 4 are estimated to amount 5 700 t/a, these for CH3CC13 ca 28 000 t/a in 1979.
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There is still a considerable uncertainty about the N20 release from fertilization, the estimated flux rates reported scatter between 0.5

 -2n ‑1 and 5 000 Ų N2O‑Nm-2n -1. This is due to differences in methods of investigation, soil types, climatic conditions, types of fertilization etc.

A recent investigation (MPI for Chemistry, Mainz) on different types of soil in the area surrounding Mainz resulted fluxes of 0.5 -16Ųg N20-N   m-2. n-1 on unfertilized natural as well as on agriculturally used soils. The maximum release following N‑fertiliZation amounted 43 Ųg N20-N m‑2. h‑1.

The portion of nitrogene released as N20 into the atmosphere from the mineral fertilizer was 0,01 ‑ 0,05% for nitrate and 0,03 ‑ 0,09% for ammonium fertilizer. If this was true for the global average, the N,O emissions due to fertilization would amount only one to a few percent of the natural injection, and an effect on the ozone layer would be un​likely to occur, independend of results of model calculations of NOx effects.

The decomposition of CFC13, on surface of iron oxide was further investigated. The main decomposition products were CO2, phosgene and FeCl3,. The reaction was quite rapid at temperatures above 200 0 C1 but decreased steeply in the temperature range of 100 ‑ 2000 C. Further experiments are being carried out at more realistic surface and environmental conditions.

2.) Field measurements

A joint balloon measurement/programme of KFA Jülich, MPI for Aeronomy/ Lindau (Harz) and MPI for Chemistry/Mainz to investigate the vertical distribution of trace gases has been completed.
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There was a good agreement between the three laboratories analysing the air samples taken during the balloon flights (fig. 1). The vertical pro​files of the long lived constituents obtained at different flights were quill‑e reproducible. The increase of CF2CL2 mixing rations observed in the stratosphere from 1977 to 1979 (fig. 2) is much greater than expected due to CFC emissions. To some extend this increase must be caused by different meteorological stratospheric conditions and the deviation can be used to investigate the nature of transport processes other than vertical diffusion.

An additional balloon flight has been carried out by MPI for Aeronomy Lin0au and AERE Harwell on Sept. 25, 1980 in France (440 N). Besides the vertical profiles of CH3,Cl, F 11 and F 12, this flight for the first time yielded profiles of F 13, 14,‑114, 115, 116 and CF. Br.

CH3 Cl is o f natural origin, F 14 (CF4 and F116 (C2 F6 are emitted by the aluminum industry, CF, Br is used as a fire extinguisher, F113 as a solvent 114 and 115 are refrigerants.

The University of Munich participates in evaluation of data from the LTMS‑experiment on Nimbus 7. Stratospheric vertical profiles of water vapour, NO2 and FINO3  have been derived.

Measurements of OH radical concentration have been carried out by absorption measurements using a dye laser at a path length of 10 km. On sunny days from April through September 1979 between 11.00 and 16.00 hours, average OH‑concentrations of (1.7 ±0.3) . 106 molecules cm have been obtained at Jülich (25 km east to Aachen), similar values were measured at Deuselbach (Hunsrück) in an rural environment. These number densities are lower than previously estimated.

Recent measurements indicate, that acetonitrile (CH3 CN) is of ubiquitous occurrence. It is not only found in the air by congested and remote areas, but also forms an important constituent of clusterions observed in the stratosphere.

The ozone soundings by balloon ascends of DWD, Hohenpeißenberg,continue to show less ozone in the stratosphere than corresponding to the lang term average.  This is remarkable, as due to increased sunspot activity, an increase in stratospheric ozone during the last time light be expected.                                               

3.) Reaction Kinetics

There is some discrepancy about the formation rate of chlorine nitrate. KinetiC21 investigations using flow systems and photolytical techniques yielded reaction rates for the formation reaction (1)

C10 + N02 + M ( CIO NO2 + M (1) about a factor of 2 ‑ 3 higher than those from IR‑experiments.

The results of a recent investigation by Schindler et al. (University of Kiel) using laser flash photolysis of CI2O for C10 formation and C10 absorption for analyzing the kinetics of (1) are given in fig. 5  together with results of other authors.
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Fig. 4 Eddy diffusion coefficient K Z derived from CO 2 and CH 14 IN/D
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The low formation rates obtained by IR‑investigation of chlorine nitrate destruction or exchange processes deviate from the results. This is possibly due to the existence of other C10 consuming reaction channels within these reactions.

The photolytical destruction of chlorine nitrate was found to lead primarily to the formation of NO, according to ( 2 )

CIO NO2, + hv  (  Cl + N03 
( 2 )

There were some indication for the existance of the complex C10.  02, which would be  of great importance for stratospheric chemistry. This effect needs further investigation however.

The reaction


OH + H02 (  H20 + 02  (3 )

plays a central role, as this is the main mechanism for destruction of odd hydrogen in the middle and upper atmosphere. Therefore, the value of the reaction rate of ( 3 ) is of high influence on the ozone depletion calculated by models. The measurement of this reaction rate is quite difficult however, different values have been reported and thus there is a considerable uncertainty.

Reaction (3) has been studied using the method of magnetic resonance (LMR)

(Temps and Wagner, University of Göttingen). OH radicals were produced

by the reaction


F + H,0
OH + HF

while H02‑radicals were generated by three different reactions:

OH

+
H02 + H20

F

+
H02 + HF

H

+
H02 + M

Using these three ways of producing HO2, radicals, the values for the Reaction 
rate constant K3 ranged between (6.0 and 7.0) . 10‑11 cm3/molec.   s at 2960 0 K, the central value was


K3 = (6.5 ±2.5) . 10-11cm3/molec . s

There was no pressure dependence of K 3 within the pressure of 2 to 14 mbar.

The reaction rate of


            OH + H2,02          H20 + H02
( 4 )

was found to be


K 4 (2960K) = (1,7 ± 0,3) . 10‑12 cm 3 /molec

s.

Another important reaction rate constant K5
         H02 N02 + OH
   H20 + N02 + 02
was studied by application of Fourier transform infrared spectroscopy (FT IR) (Fink and Becker, GH Wuppertal).

The OH radicals were generated by adding NO to H02 N02 in a 420 1 reaction

chamber via


H02 N02
M
H02 + N02


H02 + NO

N02 + OH

Such a 'dark' source for OH radical has the advantage not to disturb the systems by photolysis of other compounds and consecutive reactions.

The value found for K4 was

K 4 = 4 . 10 ‑12 cm 3 /molec . s 

at room temperature and a pressure of 1 torr.

4. Modelling

A one‑dimensional modelling system comprising a steady state, a long term and a short term version in a modular construction was developed by GH Essen. The steady state version is suitable to model an atmosphere with all constituents being in equilibrium, the long term version is used for mo​delling processes with constituents not in equilibrium while the short term version allows modelling of diurnal variations and helps to interprete the results of field measurements.

Using the long term version, sensitivity studies were carried out for important trace constituents with respect to uncertainties within the chemical reaction rates. Two examples for the resulting vertical profiles and scattering ranges are given in fig 6. and 7.

Special emphasis on 2 D‑modelling of diurnal, variations including reactive short lived species was given in joint activities of University Oxford and MPI for Aeronomy (Lindau). Although comparisitions with field measure​ments are problematic, the model seems to simulate the diurnal cycle of minor constituents quite well.

It was shown, that for certain reactions large differences between day averages and true diurnal rates can occur.

Fig.6, Calculated vertical distribution of OH

Fig‑7 Calculated vertical distribution of ClN03
Figure 8 : Height‑time section of CIO number density (10 6 cm‑3) for summer, ‑47 0 N.

Biological effects

a) Experiments in growth chambers and in the field

At the previous meeting (Bilthoven 1980) results on four plant species (barley, bean, corn, radish) had been reported. They were obtained in a growth chamber with enhanced UV‑B intensity (UV‑B radiant flux area density) corresponding to ozone reduction rates of more than 20%. In 1981 experiments were conducted with enhanced UV‑B radiation correspon​ding to 10% ozone reduction using plan  weighting functions for weighting of UV‑B radiation. The weighted daily effective doses were compared to weighted daily effective doses derived from Green's Model. Under these radiation conditions two plant species (bean and radish) were studied very intensively. During growth of seedlings (up to 30 days) samples were analysed each day for estimation of leaf area, weight, photosynthetic function, leaf surface structure, pigment and protein content.

Enhanced UV‑B reduc ed the leaf area of primary leaves up to 50% in both plants during development of 20 days. The fresh and dry weight of the leaves radiated with enhanced UV‑B were less but significantly reduced up to 16% in comparison to the control plants. The photosynthetic function measured as variable fluorescence, as well as chlorophyll content, was re​duced by enhanced UV‑B radiation up to 20% in radish leaves, when com​pared to the same leaf area of control plants. Bean seedlings, however, showed slightly increased photosynthetic activity, which is due to higher chlorophyll concentration per leaf area. When basing the photosynthetic activity on the total leaf area of the plants, the activity is also less in the UV‑B irradiated bean seedlings. Stereoscanmicrographs of the UV‑B irradiated leaves showed clear damages of the leaf surface (stomata, hairs, epidermal layer). The soluble protein content was increased in both plants with highest increase of up to 60% in secondary bean leaves. The flavonoid content increased 3‑fold, especially in radish leaves during leaf develop​ment under enhanced UV‑B treatment. These and previous results show that the reduction of plant growth, the inhibition of photosynthesis, the chan​ges of leaf surface structure and the composition of plants are a func​tion of the incident UV‑B radiation time (= UV‑B fluence).

The use of the suitable weighting function still remains a problem. Our results were based on a generalized plant response weighting function according to Caldwell,which gave lower simulated ozone reduction rates than using DNA‑weighting functions according to Setlow. Both weighting functions are of lower value for the estimation of UV-B affectivity on photosynthesis or other photo‑ or biochemical functions in the plant. We therefore started experiments together with Prof. Caldwell( Utah State University) in order to develop polychromatic action spectra for inhibition of photosynthesis in the UV‑B‑wave band. The following cut​off‑filters were used: Schott WG 280 nm, 295 nm, 305 nm, 320 nm, 335 nm 345 nm,and 360 nm. It could be shown, that the reduction of photosynthe​tic activity and of plastoquinone content are both wavelength dependent when using the same UV‑B‑fluence rate. The dependence on the UV‑B fluence has to be shown in further experiments.

 Further results show, that also under growth chamber conditions using the same cut off filter set a polychromatic action spectra on photosynthetic activity, on plastoquinone content or on hypocotyl length of the seedlings in the UV‑B‑wave band can be developed. Non damaging but highly sensitive and specific UV‑B effects on cell growth and flavonoid biosynthesis were found in seedlings and cell cultures of parsley and dill. Action spectra for these non damaging UV‑B effects were developed with parsley and dill seedlings.

Field experiments were continued with crop plants to study the correlation between the UV‑B sensitivity and the formation of protective agents. The function of falconoid pigments as protective agents was demonstrated in parsley seedlings.

b) Experiments with microorganisms

The actionspectroscopy in the UV‑ wave band on the survival and mutation rates during irradiation of yeast cells were continued. Experiments were conducted with high and low fluence rates at several wavelength to show the dependence of survival resp. photoreactivation and mutation induction phemomena on wavelength and fluence rate of the wavelength.

c) Future investigations

Further experiments in growth chambers and in the field are planned in order to study the correlations between several stress situations arising in agriculture ( mineral and water stress, herbicide‑stress) and the UV​-stress. Another point of interest is the selection of genetically resent cultivators of several crop plants.

