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PREFACE 

This is a preliminary report of the results from 
the 100-days period of extensive measurements at 
ground sampling stations in Denmark., Finland, 
Norway and Sweden. The results have not been fully 
evaluated and commented, this repori: is therefore 
distributed only as information material for the 
LRTAP-project. 

✓4W4- 
Brynjulf Ottar 
Director 
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THE CONCENTRATION OF WATERSOLUBLE 

COMPONENTS IN PRECIPITATION AND 

AIRBORNE PARTICULATE MATTER 

INTRODUCTION 

Anthropogenic emissions of sulphur dioxide is the main cause 1 

of the acid precipitation in Scandinavia. Sulphur dioxide in 

the atmosphere may react and interact with other substances 

which are present in the atmosphere, and precipitation 

scavenging of sulphur dioxide and sulphate particles is 

closely connected with rainout of other species. It is there-; 

fore of interest to compare the chemical composition of 

aerosol and precipitation samples to obtain more information 

on atmospheric reactions and precipitation processes. 

With support from NORDFORSK, extensive studies have been 

undertaken at the pilot station Råo by C. Brosset and IVL 

in Gothenburg, and the aerosol sampling eiuipment developed 

was suitable for analysis of several components. 

At the 10th meeting of NORDFORSK's study group for the in- 

vestigation of the acidification of precipitation, in 1. 

Helsinki, 19th November 1972, it was suggested that a pilot 

measurement programme should be carried out within the 

NORDFORSK-project. The purpose of this exercise was to see 

that the sampling and analysis methods were reliable, and 

that the results obtained were of value in connection with 

a meteorological interpretation. It was suggested that a 

minimum of 30-50 samples would be necessary, and a sampling 

period of 100 days was decided in order to ensure a reason­ 

able balance between high and low air concentrations. 
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In addition to sulphate and strong acid in the aerosol and 

in precipitation, the following components were named as 

essential: ammonium, nitrate, chloride, calcium, sodium and 

iron. In addition, total suspended particulates were recorded, 

and supplementary chemical analysis were carried out by 

several of the laboratories. 

This.report is a collection and summary of the measurement 

data. Some statistical analysis of data have been carried 

out and the meteorological conditions are commented for 

periods with high air concentrations. The measurement results 

~t Råo during the episodes and have been commented by Brosset 

(1, 2). 

SAMPLING AND CHEMICAL ANALYSIS 

The aerosol sampling equipment constructed at Råo was dupli­ 

cated by the Norwegian Institute for Air Research and in­ 

stalled at the sampling site Birkenes in southern Norway. 

This equipment has a fan-type pump capable of drawing 2-3000 m3 

of air per 24 hours, through the filter, a 142 mm diameter 

Gelman Acropor AB 5000. Because of the air flow, the cylindrical 

air intake will admit particles up to 60 µ diameter (approxi­ 

mately). At Kelå.snor in Denmark, a LIB-type sampling apparatus_ 

was used, and at Jokioinen in Finland a LIB-sampler and a 

Staplex high-volume sampler were used alternatively. 

After sampling the filters were folded placed in a tight poly­ 

ethylene bag and sent to the respective laboratories for 

chemical analysis. 

After weighing, the filters were leached with 200 ml of 

water at 22°c. The leaching solution was analysed for the 

following components by r ecornmeuded methods: 
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+ H -strong acids: 

NH1t+ 

by Gran's plot titration according to 
Askne and Brosset (3) or LRTAP~S/71. 

by the barium perchlorate-thorin spectro­ 
photometric method according to LRTAP-4/71. 

by reduction to nitrate and coupling 
(the Griess method)- according to re­ 
commended water analysis methods (4, 5). 

by the indophenol blue method after a 
procedure adopted by NORDFORSK's working 
group for water analysis methods (6, 7). 

Other components were determined by standard physico-chemi­ 

cal methods. In addition, filters from KeldEnor were analyse~ 

by proton-induced· x-ray-fluorescence for a number of ele­ 

ments. 

The Gelman Acropor filter was selected beca~se of excellent 

strength and good chemical properties. The filter-material 

adsorbs or neutrializes only a small amount of the strong 

acid in the samples, under the leaching concitions speci­ 

fied this adsorbtion amounts to 2-5 µequival.ents per filter. 

In addition, the concentration of iron (III)-ions were deter-· 

mined because the first two protolysis steps of Fe3+ are 

included in the titration value for strong 2cid (3). 

In order to investigate the reproducibility of the chemical 

analysis, 25 filters from Råo were cut in halves and ana­ 

lysed separately at IVL and at NILU. Good agreement was ob­ 

tained, particularly for ammonium, nitrate and sulphate. 

For strong acid a systematic difference was found amounting 

to about 5 µmol H+ per half-filter. 

Only one of the samples was high in particulate strong acid. 

The two laboratories' results for this sample were 44.7 and 

41.1 µmol, respectively. 

I' ' .,., ,. 
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For the sampling of precipitation, a special precipitation 

sampling apparatus developed by J. Markowski at the Eidge- 

~ nossische Materialprufungsanstalt (EMPA) in Zlirich, was 

used at Råo and Birkenes. A diagram of this equipment is 

shown in figure 2. The lid is controlled by a precipitation 

sensor and stays open after the last rain experienced. 

The maximum sampling duration in a single precipitation 

period was initially set to 6 hours, but this had to be 

changed to 3 hours in order to avoid overflow in the sample 

collection bottles. A clock and printer records opening and 

closing of the lid and changing of sample bottles. Chemical 

analysis of the precipitation samples were performed by the 

same methods as for the aerosol samples. 

Results 

The four countries Denmark, Finland, Norway and Sweden have 

reported results from aerosol and precipitation samples 

collected between March and October 1973. Copies of the 

results are presented in Appendix 1. The stations where 

the samples are collected are Keldsnor (DK 5), Birkenes 

(N0l), Råo (S02) and Jokioinen (SF2). 

Only a few precipitation samples are received from Keldsnor, 

consequently a comparison of precipitation and air data 

based upon mean concentrations is not possible. 

The aerosol data received from Råo are picked out to cover 

episodes, mean aerosol concentrations from the period are 

then estimated. 

A general view over the data collected is given in Table I. 
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RELATIONSHIP BETWEEN AIR AND PRECIPITA'rION COMPOSITION 

DURING SHORT PERIODS WITH HIGH CONCENTRATIONS 

During the period May - August 1973 the number of days with 

precipitation is approximately 55 for all four stations. 

Air and precipitation samples analysed for strong acid, sul­ 

phate ammonium and nitrate, and with high concentrations of 

at least one of these components are presented in figures 

3-6 as "short periods''. The values of the sulphate concen­ 

trations are shown as reported and no subsequent corrections i 

for sea spray have been carried out. The units are neq/m3 

and µeq/1. When the relative humidity in the air increases· 

the larger particles will serve as condensation nuclei for: i 
cloud droplets. Assuming a near co~plete rainout and a water 

content in rainclouds of 1 g/m3, the concentration of a !- 
compone~t of an aerosol expressed in neq/m3 will be the 

same as the concentration of that component in precipitation 

expressed in µeq/1. The expression relative equal concen- · 

trations therefore apply to this situation. Evidently several· 

important factors are not taken into account in this simpli­ 

fied picture. 

The efficiency of rainout may be dependent on the amount of 

precipitation and the precipitation intensity. There may 

also be a washout of aerosols under the rainforming layer. 

Contribution from this process is probably dependent 

upon the intensity of precipitation. 

The aerosol concentration may be different from one atmos­ 

pherical layer to the other, and the concentrations deter­ 

mined at the ground are not necessarily representative for 

the concentrations in the rainforming levels. 

Uptake of gases as sulphur dioxide, ammonia and nitrogen 

oxides is possible when the drops are not saturated with the 

particular gas. It is known that a absorption of sulphur 

dioxide in cloud droplets may be followed by an oxidation 
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to sulphate when the pH is not too low (pH> 2) (8). 

Ammonia is expected to be readily dissolved in acid rain 

due to its alkalinity. Absorption of nitrogen dioxide may 

be followed by an oxidation with ozon, and a hydration in 

the drop, resulting in nitric acid. 

Evaporation of water from.the raindrops as they are .falling 

through the atmosphere may also occure, this process result­ 

ing in a concentration of the pollutants present. 

The two periods presented from Keldsnor, 29th June and 1st 

September, presented in figure 3, are ch a r ac t.e r Lzed by rela­ 

tively larger sulphate concentrations.in air thaIL in preci­ 

pitation. The strong acid concentrations in air z.nd preci­ 

pitation are almost equal. The sodium conce nt r at.f.ons in preci­ 

pitation are extreme, the 1st September the concentration 

in air is also very large. 

The large amount of sodium in precipitation 29th June is 

probably due to seaspray in the sampler. The tra~ectories 

both days show strong winds from the North Sea. 

The high concentration of ammonium in air at Keldsnor is 

probably due to local agricultural activities. 

The difference between sodium in air and precipitation is 

smaller the 1st September. The low concentration of sulphate 

in precipitation may be due to a lower concentration in the 

rainforming levels than at the ground. This effect probably 

also have to be considered 29th June to explain the dif­ 

ference between the air and the precipitation concentrations- 

The periods from Jokioinen are presented in figure 4. While 

the last measurement period from Jokioinen, presented on 

18th August, ihows a relative larger sulphate concentration 

in air than in precipitation, the opposite is the situation 

on the 28th June and the 18th July. All samples presented 
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show a relatively higher concentration of strong acid in 

precipitation than in air. With sulphur dioxide in and 

below the rainforming layers a scavenging of the gaseous 

sulphur dioxide may be expected, and consequently an 

increase of the strong acid and sulphate concentrations in 

the precipitation relatively to the air may take place. The 

acid may partly be neutralized by gaseous ammonia, if 

presen~! 

The aerosol samples have not been analysed for ammonium. 

Due to the low sulphate concentrations the 28th June and 

the 18th July, and assuming a low nitrate concentration, 

it may be expected to be low these days. Particularly the 

28th June a considerable amount of sulphur dioxide may have 

been absorbed by the droplets. The large increase in strong 

acid and ammonium c~ncentrations in precipitation relative 

to air 18th August is difficult to explain. 

The three periods presented from Birkenes (figure 5) are 20th- 

22nd April, 30th May and 26th June. All periods have in 

common a comparatively large concentration of nitrate in 

precipitation than in air. 

A washout/rainout of nitrogen oxides may be considered in 

this periods. This may increase the concentration of strong 

acid and also the ammonium concentration in precipitation,· 

if ammonia is present. An evaporation of raindrops should. 

increase crincentration of other components as for instance 

magnesium, this is not the case. A washout/rainout of nitrogen 

oxides and sulphur dioxide may explain the results obtained 

these periods. 

The results 26th June may be caused by a lower concentration 

of pollutants at the rainforming levels than at the ground. 

Since the nitrate and the sum of ammonium and strong acid 

concentrations in precipitation increase relatively to air, 

a washout/rainout of nitrogen oxides should also be considered. 
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The three periods presented from Råo (figure 6) are 3rd- 

6th August, 19th September and 20th September. The sulphate 

concentrations in air and precipitation are relatively 

equal the two first periods, larger in precipitation the 

last period. The periods 3rd-6th August and 19th September 

are further characterized by relatively lower concentrations 

of ammonium and higher concentrations of strong acid in 

precipitation than in air. 

The sodium concentration in air is large 3rd-6th August in­ 

dicating a large chloride concentration. The low strong 

acid concentration in air is probably caused by interaction 

between acid particles and sodium chloride particles on the 

fil ter. Hyd roq eri chloride gas will escape through the fil ter 

and consequently reduce the strong acid content. 

The last period 20th September a washout/rainout of sulphur 

dioxide may be a more dominant factor than in the preceeding 

two pe.r i.ods , 

Generally the number of processes determining the relation­ 

ship between the concentrations of the different components 

in air and precipitation is large and the overall picture 

is complex. The absorption of sulphur dioxide in raindrops 

seems, however; to be a fa6tor contributing to the acidi­ 

fication of rain. Dd f f e.r enc e's in concentrations at different 

atmospherical layers also seem to be an important factor, 

which has to be considered to explain the results. 

AVERAGE CONCENTRATION DATA AND RELATIONSHIP BE'rWEEN 

AIR AND PRECIPITATION CONCENTRATIONS 

Figure 13 presents the mean concentrations of the reported 

aeros61 components expressed in neq/m3• 
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Since the aerosol samples from Råo are from selected filters 

the obtained mean values may not be representative for the 

period. A simple estimation of mean values for the period 

was obtained by taking the ratio between LRTAP and the high­ 

volume sulphate means and then multiplying each mean value 

with this factor. 

The mean aerosol concentrations presented in figure 13 has 

a close resemblance to those obtained during the OECD 45- 

days advanced sampling programme 15th Febru2.ry - 31st March, 

1974. Birkenes and Råo have relatively large concentrations 

of sodium, these may be assumed to be appro>imately equal to 

the chloride concentrations, whi6h are not determined. As seen 

from the short periods presented the sum of the ammonium and the 

str_on.g acid concentrations generally approximates the sum of· the 

sulphate and nitrate concentrations, this is also seen from the 

mean values presented. The nitrate concentration measured at 

Keldsnor is considerably lower than that measured.during the· 

OECD 45-days programme. 

The washout ratios in units 102 kg air/kg ra.in, based upon 

mean concentrations from the periods, are presented in Table 

II. The washout ratios of a component is defined as (concen­ 

tration/kg rain)/(concentration/kg air) and gives information 

about the scavenging of the different species present in and 

below the rainforming levels. Following the approximations 

and discussions from the short periods a cloud wate~ content 

of 1 g/m3, a complete rainout should correspond to 13xl02• 

When the ratio is significantly larger than this other effects 

must contribute. A rainout/washout of sulphur dioxide should 

increase both the strong acid ratio and also the sulphate 

washout ratio. 

As also seen from the OECD 45-days programme 15th February - 

31st March the washout ratio for nitrate is very large. 

This may be due to a washout of nitrogen oxides and corre­ 

sponds to the high strong acid washout ratio. 
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CORRELA'l,ION AND REGRESSION ANALYSIS OF PRECIPITATION DATA 

The components determined in the precipitation samples have 

been correlated by a simple correlation analysis and the 

results are presented in Tables III - VIII. Since generally 

components as the strong acid, sulphate, ammonia and nitrate 

are determined more frequently than other components, one 

matrix of correlation coefficients with a large sample size 

and a second, complete with all components, with a smaller 

sample size are presented in the tables. 

The tables show that the NH4+/H+ coefficients generally are 
2- + 2- + lower than the SO4 /NH~ and the SO4 /H correlation 

coefficients. This is probably due to a similar tendency in 

the time variations of the sulphate and ammonia concen­ 

trations, and the sulphate and strong acid concentrations, 

and the last trend may be explained as SO2-oxidation result­ 

ing in sulphate and strong acid. A situation with a large 

proportion of ammonium will result in a reduction of the 

strong acid concentration. This contributes to an "out 

of phase" variation between the ammonium and the strong 

acid concentrations and reduces the correlation between 

these two components. 

The high correlation between ammonium and sulphate is not 

unexpected. Already Junge and Ryan pointed to the effect of 

gaseous ammonia in the formation of sulphates from sulphur 

dioxide in the atmosphere (8). Further, ammonium sulphate 

particles have a long average residence time in the atmos­ 

phere, compared with gaseous ammon i.a and sulphur dioxide. 

It is difficult to find any systematic variation in the 

correlations between nitrate and the components ammonium, 

sulphate and strong acid. The data from Birkenes (N0l) 

shows high correlations between nitrate and strong acid, 

and nitrate and sulphate, the corresponding correlation 

coefficients obtained from the RåB data (S02) and the 
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Jokioinen data (SF 2) being quite variable. The correlations 

between ammonia and nitrate seem, however, to be ra t.h e.r low , 

at all stations. 

Laboratory experiments seem to indicate that wet surfaces 

may adsorb intermediates in the NO - N03 conversion. The 
X 

hydration takes place on the surfaces (COX (9)). Aerosols 

as ammonium sulphate and ferric oxides are important in this 

process at a high relative humidity, particularly so when 

the aerosol is a droplet. 

The aerosol then serves as a catalyst and the nitrate concen­ 

tration obtained by this process will be mainly dependent upon 

the concentration of nitrogen dioxlde and ozone in the atmosphere 

and consequently not correlated with other components to any 
l . 

extent.· .. -. 

A number of precipitation samples collected at Birkenes are 

analysed for heavy metals. The results show a high corre­ 

lation between lead and the components sulphate, ammonium and 

in particular with nitrate, while iron is generally not 

correlated with the other components. The correlations of 

zinc with other elements is variable, ranging from 0.4 to 

0.7, when iron is not included. The size of the sample is 

probably t-oo small to permit any conclusion to be drawn, 

since the corresponding· data are missing from the other 

stations. 

It is interesting to note that the correlation coefficients 

between sodium and magnesium is 0.99 at Birkenes indicating 

a common source, which obviously is seaspray, while the 

corresponding coefficient at Jokioinen is merely 0.01 indi­ 

cating different sources for sodium and magnesium. 

To investigate the possibility for a grouping of the preci­ 

pitation data analysed for strong acid; sulphate, ammonia 

and nitrate, the data from Birkenes, the station having the 

' ·,•J 
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largest number of analysed samples, we r e plotted .in dia­ 

grams with the concentrations of two components jn each 

diagram. 

For all combinations of the components except ammonium and 

nitrate more than one straight line could be drawn in the 

diagram indicating episod~s with different composition of 

the samples. This trend seems to be most pronounced for 

the strong acid/sulphate diagram. This diagram is presented 

in figure 14, the concentration units being µmol/1. 

The sulphate concentrations were corrected for seaspray using 

the corresponding sodium concentrations. The com~osition of 

each sample is indicated by a circle. 

A very rough division in sectors centered at Birkenes with 

sector borders NW-SW, 1 , SW-SE, 2 , SE-NE, 3 , and NE-NW, 4 i 

were chosen, and each sample classified according to the sec­ 

tors and trajectories (850 mb, arriving at 12 GMT) computed 

48 hours backward. The number in the circle indicates the 

sector that the wind has been sweeping through, two numbers 

in a circle then indicating that the wind has been passing 

a sector border line. 

In the period available the number of trajectories through 

sector 1 is 34, while 12 days has trajectories from sector 

3. The remaining samples correspond.to trajectories crossing 

the sector borders and trajectories from sector 4 and 2,. 

wind from sector 2 being most common in this group. In figure 

lines corresponding to the composition of the HSO4 ion and 

H2SO4 are drawn. Only samples analysed for strong acid are 

plotted, six samples with pH measurements only are not 

included. In the low concentration part of the diagram 

several circles are not drawn due to coincidence, or nearly 

so, with other circles. 

Since the circles corresponding to sector 1 and sector 3 

seem to assemble in different regions of the diagram. at 
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I 

higher concentrations, two lines were fitted the data corre- 

sponding to sector land 3, using a least square regression. 1 

The regression data are: 

Regression line: 95% confi- N Corr. Sector dence limits coeff 

(SO4) = 0.850•(H+) + 6.00 1.094; 0.605 12 0.93 3 

(SOtt) = 0.448•(H+) + 7.74 0.557; 0.340 34 0.86 1 

Nis the sample size. 

It is seen that the slope of the regression lines are not 

significant different from 1.0 and .5 corresponding to the 

composition of sulp~uric acid and the bisulphate ion. This 

may be due to a difference in the ratio of sulphate to 

ammonia emitted frO!TI different source areas. Trajectories 

from the period March-September are presented in figures 

23-27. 

Among the results n~t included in figure 14, one sample, 

13th June, gives a point distant from the other points in 

the diagram after calculating the strong acid concentration i 
• I 

from pH. This may be due to contamination of the sample. 

The trajectories show that this measurement corresponds to 

sector 1. The remaining five measurements are located among 

those presented. 

•',' I 
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MAY EPISODE, 1973 

The highest concentrations of acid particles occurred almost 

simultaneously at Råo and Birkenes. The concentration of par­ 

ticulate strong acid, sulphate and ammonium at Birkenes are 

reproduced in figure 12. This episode and the measurement 

results from Råo has already been commented by Brosset (2). 

Because of the importance of this episode the meteorologi­ 

cal conditions during the period are discussed in the follow­ 

ing. 

Local weather 

In early summer there is often a shallow layer of stable 

air over the cold sea. Local emissiori sources may be en­ 

hanced during such periods. If the large scale winds are 

weak, as in May 1973, mesoscale circulations will become 

more important than usual. In the coastal zone land and 

sea breeze transports may be responsible for most of the 

dispersion within the shallow stable surface layer (some­ 

times only a few hundred meter thick). The derivation of 

back trajectories will also become rather uncertain because 

of the weak winds with mesoscale features. The real winds 

may also deviate much from winds derived from the sea-level 

pressure distribution, etc~ 

In the actual episode there was haze and fog over Skagerak 

on 22nd and 23rd May. During the afternoon of 24th May and 

the next day a weak low gave precipitation over most of the 

region. The winds were variable, but mostly from the north. 

From 26th May on southwesterly winds were blowing until 

28th May when the land-sea breeze became dominant near 

Gothenburg (NW). On 29th May local winds were mostly north­ 

easterly. But near noon the land-sea effects had, at many 

stations, turned the wind sector to its typical direction. 
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Large scale transport patterns 

During the days of 20th to 21st May an extended low was 

lying west of France and a southeasterly flow prevailed 

from the Balcan towards Scandinavia. On 22nd May, Atlantic 

air masses from SW-W penetrated towards sou~hern parts of 

Scandinavia and for the next week the 850 mb b~ck trajec­ 

tories (4 days) indicated transport from both western Europe 

and Scandinavian sources towards N0l and S02. On 25th May 

and 26th weak N-NE winds carried relatively clean air to­ 

wards the two stations. During the three days 26th to 28th 

May a high was centered near Denmark. Weak SW-W winds 

(850 mb) carried air over the United Kingdom (and the western 

part of the continent) towards southern Scandinavia. Figure 

11 shows the back trajectories for these fo~r days. The back1 

trajectories for 28th to 29th May indicate that the paths 

of the N0l back trajectories do not pass an}· significant 

emission source during the four days. But tt.e calculated 

SO4 concentrations from the dispersion mode] for 24th and 25th 

May show that the starting points of the N0l back trajectories 

(West of Scotland and the central part of the North Sea, res­ 

pectively) are lying air in regions with SO4 concentrations 

of 15-20 µg/m3 and SO2 concentrations of 30-40 µg/m3• The cal­ 

culations indicate therefore that a significant part of the 

SO4 aerosols on 28th to 29th May were more than four days 

old. 

It might be of interest to see how the Lagrangian model 

(Eliassen and Saltbones, (10)) estimates the aerosol con­ 

centrations of sulphur on filter during the episode of 

27th to 29th May, 1974. The mixing ratios in grid formal 

are reproduced directly in figures 7-10. The build-up of 

the episode concentrations agree reasonably well with the 

SO4 records given in figure 12. 
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TABLES 

I Data available March - October 1973. 

II Washout ratios based on mean values. 

III 

IV 

Correlation coefficients based upon preci- 
pitation data, Birkenes, May - June 1973, 
sample size 16. 

Correlation coefficients based upon preci- 
pitation data, Birkenes, May - June 1973, 
sample size 37. I . i 

V Correlation coefficients based upon preci­ 
pitation data, Råo, May - October 1973, 
sample size 21. 

VI Correlation coefficients based upon preci­ 
pitation data, Råo, May - October 1973, 
sample size 58. 

i 
1 · 

VII Correlation coefficients based upon pre~i­ 
pitation data, Jokioinen, March - August 1973, 
sample size 15. 

VIII Correlation coefficients based upon preci­ 
pitation data, Jokioinen, March - August 1973, 
sample size ·27. 
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FIGURES 

1 

2 

3-6 

7-10 

11 

12 

13 

14 

15-22 

23-27 

High volume air sampler. 

Precipitation sampler. 

Short periods, mean concentrations in air 
and precipitation. 

Mixing ratio of sulphate in air, computed 
from model. Aerosol episode, May 1973. 

4-days trajectories, 850 mb. Aerosol epi­ 
sode, May 1973. 

Concentrations of strong acid, ammonium and 
sulphate at Birkenes and Råo. Aeros()l epi­ 
sode, .May 1973. 

Air samples, mean values in neq/m3
• 

Relation between sulphate and s t r on-j acid 
in precipitation at Birkenes. 

Trajectories corresponding to the short 
periods presented in figures 3-6. Com­ 
puted 2 days backward, 850 mb. 

Trajectories from the period March-:3eptember 
1973. Computed 2 days backward, 850 mb. 
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H+ SO11 2- NH4+ NO3- Ca2+ Mg2+ + K+ Na 

DK 5 34+ 6+ 

N 01 62 15* 15 101 34 51 13 18 

s 02 110 8 3 6 18 

SF 2 12 

Table II: Washout ratio in units 102 kg air/kg rain . 

• 
Keldsnor: April September 1973 

Birkenes: April - June 1973 

Råo: May - August 1973 

Jokioinen: June - August 1973 

* Based upon sulphate data corrected 
for seaspray. 

+ Based upon LRTAP precipitation data. 
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aluminium alloy. 57 S. 
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Figure 7: Mixing ratios, for sulphate particles, in grid 
format. Unit: 0.1 µg S04/kg air. 
Date: 730526, 12 GMT. 
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Figure 8: Mixing ratios, for sulphate particles, in grid 
fonnat. Unit: 0.1 µg so4/kg air. 
Date: 730527, 12 GMT. 
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Figure 9: Mixing ratios, for sulphate particles, in grid 
format. Unit: o·.1 µg S01►/kg air. 
Date: 730528, 12 GMT. 
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FIGURE 15 

Trajectories corresponding to the short periods presented. 
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Trajectories corresponding to the short periods presented. 
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FIGURE 17 

Trajectories corresponding to the short periods presented. 
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FIGURE 18 

Trajectories corresponding to the short periods presented. 
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FIGURE 19 

Arriving at 730803, 18 GMT. 
Timestep 12 hours. 
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FIGURE 20 

Trajectories corresponding to the short periods presented. 
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FIGURE 21 

Trajectories corresponding to the short periods presented. 
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Trajectories corresponding to the short periods presented. 
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FIGURE 23 

Trajectories arriving at 18 GMT, 6 hours timestep. 
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FIGURE 24 

Trajectories arriving at 18 GMT, 6 hours timestep. 
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FIGURE 25 

Trajectories arriving at 18 GM'I', 12 hours timestep. 
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FIGURE 26 

Trajectories arriving at 18 GMT, 12 hours timestep. 



57 

1 BIRKENES 
2 RAO 
3 JOKIOINEN 
4 KELDSNOR 
s COTTERrn 
6 VERT-LE-PETIT 

\ ' 

.., i.; 

~~ 

1 BIRKENES 
lRJlo 
l JOKIONEU 
4 ~El.DSNOR 
S COTTERED 
• VERT-1.E·ÆTIT 

Date 730815. Date 730817. 

I BIRKENES 
lRJ.o 
> JQ,JONEN 
4 KELOSNOR 
s COTTERED 
• VERl·Lf·P£TIT 

1 BIRKENES 
2 RAD 
:I JOIOOINEN 
4 KELOSNOR 
S COHERED 
6 VEIH· LE-f'ETIT 

Date 730829. Date 730905. 

FIGURE 27 

Trajectories arr_iving at 18 GMT, 12 hours timestep. 
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