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INTRODUCTION

In addition to the collection and edition of the results
from the ground sampling network, the CCU has been respon-
sible for the distribution of standard procedures for
sampling and chemical analysis (1-6), and for testing of the
methods through distribution of standards and exchange of
samples. Results of the intercalibration and other tests
giving information on the precision and accuracy of the
methods, as well as more general remarks on the data quality

are given in the following.



ANALYSIS OF STANDARD SAMPLES AND EXCHANGE COF SAMPLES

A serie of synthetic standard samples have been circulated
to the participating countries for testing of the precision
of the methods. Results from the collaborative testing are
presented in Table I, also presented in the table are the
mean values and the dispersion of the results expressed by

the root mean square deviation.

While the dispersions of the sulphate data (- "in preci-
pitation") are nearly constant and independent of the added
amount of sulphate, the dispersions of the sulphur dioxide
and the strong acid results are more variable. The analyses
were run in the preparatory phase of the project and several
of the laboratories had limited practical experiences in

the application of these particular methods.

Table II gives results of a comparative test using several
different methods. These were: X-ray fluorescence (7),
isotope dilution (IDA) (8), Wickbold nephelometric method
(9), and the results are given with the added amount of
sulphur as sulphate. The results from five precipitation
samples using the same three methods and in addition the

Thorin method are also included.

Several filters from air samples have been distributed
among the participants and analysed by the XRF-method at
different laboratories. Table III gives the XRF results

of filters from 1974 exposed at the Austrian stations and
analysed at Bundesstaatliche Bakteriologisch-serologische
Untersuchungsanstalt in Austria by XRF and at the Norwegian
Institute for Air Research (NILU) by the Thorin method.
Table IV gives corresponding results analysed by XRF at
Warren Spring Laboratory and at the Norwegian Institute for

Atomic Energy (IFA).



Warren Spring Laboratcry has found out that plots of chemi-
cally determined sulphate concentrations versus the X-ray
count follows a straight line when IB/IF exceeds 0.2. When

the IB/IF ratio is lower than 0.2 the slope of the curve is

no longer independent of IB/IF and if a linear relation is
assumed an exrror may be introduced. However, the errors intro-
duced by this assumption are probably of little practical

importance as Figure 1 shows.

A number of precipitation samples have been exhanged between
the pafticipating laboratories. Table V gives the results of
Dutch samples analysed at RIV and NILU and British samples
analysed at WSL and NILU. Some of the discrepancies may be due
to storage effects, as these samples were analysed the second

time about 4-6 weeks after the sampling.

COMPARISON WITH OTHER SAMPLING AND ANALYSIS METHODS

The Rijksinstitut vor de Volksgesundheit (RIV) in the Nether-
lands ran a comparison of the tetrachloromercurate and the
Thorin method at the three stations Wageningen, Witteven and
den Helder in 1972-1973. Table VI compares the TCM method
which is specific for sulphur dioxide and the Thorin method
which gives the total gaseous sulphur, which can be oxidized
to sulphate in an hydrogenperoxide solution at pH 5. The Thorin
method gives, as may be expected, generally higher mean
concentrations and maximum values. The slope of the regression
lines are probably not significantly different from 1.0,
indicating that the methods give nearly identical results

when considering possible interferences (e.g. by ozone in

the TCM method).



The advanced sampling programme sulphate aerosol con-
centrations are determined using a wet chemical method.
Figure 1 presents corresponding results from the
NORDFORSK project in 1973. The results are in very

good agreement, it might seem as if the wet chemical
method has a tendency to give slightly higher results.
This may be due to a more efficient collection of larger

particles by the high volume sampler.

CORRELATION BETWEEN NEIGHBOURING STATIONS

The correlations obtained between observed and predicted

values are limited by several noise factors.

For sulphur dioxide the measurements are probably no
better than * 3-5 ug SO,/m%. Also the observations are
log-normally distributed, so that the correlation is
determined by a few observations (episodes). The corre-
lation coefficients therefore depend on the number of
observations and the observation period. Contamination
errors and spurious influence from local sources may

reduce the correlation seriously.

Two of the stations in Norway are sufficiently close to
warrant an investigation of the mutual correlation. The
correlation in the daily SO; values for the months January-
June 1974 was 0.540 : the standard deviation in the same
period * 9.1 ug SO,/m®. There was, however, at least two
cases of strong deviations: 2nd January With 29 ug SO, at
NOl, 1 ug/m® at NO3. 17th March NO1l had 6 ug/m?®, while

NO3 reported 80 ug/m3. 3rd January and 16th March gave high



observations at both stations, but the value 80 ug/m?® is pro-
bably an error. When these two observation pairs are left
out, however, the standard deviation becomes * 5.4 ug/ma,
which compares favourably with the estimated precision of

v 3 ug SO,/m?B (B2 = 4.3l .

The correlation is increased to 0.726.

The spacing of the ground sampling stations is not sufficient-
ly dense to allow rejection of similar "accidents" from the -

data on a general basis.

Because of this, calculated correlation coefficients between
observed and estimated, and between neighbouring stations
cannot be directly interpreted. Some qualitative information'
may be obtained from a comparison of space correlation coeffi-
cients for S0, and S0,, as for example in Figure 2 and 3.

(The values are listed in Tables VII and VIII.) It is

seen that the calculated correlation coefficients are highest
for neighbouring stations and for the stations where long
range transport is expected to contribute most significantly

to the observed $0, and sulphate concentrations.
It may also be of interest to compare correlations between

neighbouring stations with correlations between observed and

estimated values, for identical sets of observation data.

CONCLUSIONS

Sulphate in precipitation

The precision of the chemical analysis is believed to
be close to 0.2 ug/ml, from the results presented in
Table I, and considering the improvement in laboratory

performance during the programme.



Strong acid in precipitation

The accuracy in this parameter has earlier been found to
be accurate to the nearest 5 peg/f2. It seems that storage
in polyethylene bottles seems to increase the strong acid

concentration slightily.

)L}

The storage effect mentioned above will of course also

have an effect on the measured pH-values. These pH-

values found at NILU in the Austrian samples are generally
lower than the corresponding Austrian results, the
difference in the British samples are less and the agree-
ment is better. This corresponds with the measured acid
concentrations in the Austrian and British samples. There is
generally good agreement between measured pH and strong acid

concentrations, when pH < 5.5 (Table IX).

Sulphate collected on filter

Calibration of the XRF-results by wet chemical analysis using
filters impregnated with sulphate in agqueous solutions as
secondary standards has shown that the absorption of X-rays

in the filter material and variations of the penetration depth
of the particle samples does not have serious effects on the
results. A constant factor may be used to obtain the amount of
sulphate on the filters (10, 11).

It has been pointed out that wetting of the filters may intro-
duce errors up to 50%. Subsequent wet chemical determination
of sulphate was carried out in connection with the testing

of the XRF method in the preparatory phase (10), and has

since been repeated for a set of filters from Austria

(Table III). The agreement is partly limited by the precision

in the wet chemical analysis method.



z 18 =

When XRF has been used to determine sulphate on the same
filters at different laboratories, the agreement has

generally been good.

The comparison between the wet chemical method during the
NORDFORSK 100-day period, and the XRF-method gives a generally
15% lower XRF~-result, the difference probably due to different

collection efficiency for the large particles.

Sulphur dioxide

The minimum detectable sulphur dioxide concentration is
around 2-5 ug/ma. The dispexrsion between the concentration
values presented in Table 1 is small, the relative standard
error is less than 5% for the sample akove the detection

Lol

Several frequency distributions of sulphur dioxide concen-

trations are presented (Figure 4-7).

A quantization effect may appear in the data due to a
truncation which will occur in the computation of the
air concentrations from the anaiysis results in the labora-

tories. This will be up to 2-5 ug/m?® (Figure 4).

Because of noise in the analytical signal, and because
spurious positive readings near the detection limit are not
balanced with corresponding negative readings, the mean
values will in general be somewhat positive biased. This
error will be a fraction of the detection 1limit, and will
occur only if a significant percentage of the daily con-

centrations are below the detection limit.

More serious truncation errors are revealed in Figures 6
and 7. These crrors have been eliminated through a change

in laboratory practices.

There has also been a change in the analytical methods for

the German stations. This change occurred in February-March 1974.
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on Acropor-5000 filters.
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FIGURE 2: Correlation between measured daily sulphur dioxide
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FIGURE 3: Correlation between measured daily sulphate
aerosol concentrations at neighbouring stations.
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SloN) SO PRECIPITATION
Number I RSN IIT 1v \Y VI | VII |VIII| XI X i} 4 6 17 3
foded 0.612.8!11.71|9.5(0.3{3.6|1.3}1.9{2.6}{1.8 - - - - =
amount
XRF 0.6{2.871.87.2}0.514.0}2.1]1.312.3{1.7{1.7]0.7 [1.4]0.3 0.7
iD 0.5}2.871.8 {10.1{0.6 {3.6} 1.3 1.7 2.6 {1.8|1.6 0.7 1.4 0.3 (0.8
Wb 0.912.6{1.7 {6.3}10.7]2.6}1.241.11]1,5}0.29{0.910.5]0.9{0.6 {0.6
Thorin = = = = = = = = = = 1.6 {10.7 |1.6 10.3 ;0.9
TABLE II: Comparison of different methods for determing sulphur.

All figurcs in mg S/%.

XRF: X-ray fluorescence analysis
(Deutsche Forschungsgyemesingchaft)

iD: Isotopic dilution analysis
(Deutsche Forschungsgemeingchaft)

Wh: Wickbold nephelometric method
{(Deutsche Forschungsgemeinschaft)

Thorin: Thorin method (NL1LU)




: XRF THORIN
Filter UG 80y /811 ter g §04/10 ml THORIN/XRF
1/2-74 61.05 34.50 0.56
2/2 37.80 28.50 0’575
By/2 48.80 33.00 0.67
a/2 18.05 18.00 0.99
5,/:2 18.71 14.25 0.76
2/3 32.08 18.00 0.56
3/3 32.60 20.70 0.63
4/3 39.55 27.75 0.70
5/3 22.24 19.50 0.87
€/3 47.84 34.20 0.71
1/4 14.4 16.20 1512
2/4 17.34 16.20 0.93
3/4 13.89 11.25 0.80
4/4 13.93 12.00 0.86
5/4 23.44 17.70 0.75

Mean weighted factor
Mean factor

Standard deviation

THORIN/XRF: 0.72

ol O 77

: ¥0.14 (18%)

(Rélative error in THORIN determination: < 10%)

TABLE ITII:

Comparison of the THORIN and the XRF
methods. The filters are exposed at

Ilimitz.
UK Results N Results
Date Station
g SO4/4.9 cm? I5/Ip | Mg SO4/4.9 cm IB/IF
721213 Cottered 13 FES) 8l 5 22
28 " 19 = 16.8 .24
730119 " 56 .07 75.0 .10
24 - 30 .07 37.8 .09
17 Eskdalemuir 4 228 2.4 .04
20 L 11 .19 R E] .18
29 Cottered 19 11 18.9 .15
24 Eskdalemuir 9 .09 10.3 12
256 k P .25 5.9 .20
30 u 3 +07 3.1 11

TABLE IV: Sulphate on filters, exposed at Cottered
and Eskdalemuir.
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Method/Station Obs#rvations Mean concentration Maximum Minimum
TCM (1) 120 8.27 52.00 0.00
Th (2) 120 11.66 62.00 0.00
TCM(2) 119 6.31 30.00 0.00
Th (2) 120 7.37 29.00 0.00
TCM(3) 117 6.77 : 22.00 0.00
Th (3) 118 8.07 35.00 C.00

Linear regression (least squares):

Th(l) = 1.06 TCM(2) + 2.88 R = 0.82
Th(2) = 0.83 TCM(2) + 1.48 R = 0.80
Th(3) = 1.14 TCM(3) + 0.39 R = 0.83

TABLE VI: “‘Comparison of the TCM and the Thorin methods
at the three Dutch stations.

TCM(1l): Sulphur dioxide concentrations
as determined by the TCM or West
and Gaeke method (NL1).

Th (3): Total gaseous sulphur compound
concentration determined by the
Thorin method (NL3).
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Station

"Strong acid”

Computed acid

Number of

pH interval

Hekv/L vekv/% stations
Birkenes -1.7 6.8 6 (5.5 15 20)
. 5.9 17.7 10 (5.0, 4.5)
! €3.6 56.4 8,3 (4.5, 4.0)
i 143.5 126.0 L1, (4.0, 3.5)
Jokioinen 8.8 8.4 5 (SrBy St
U 240).18 18.3 15 (5.0, 4.5)
L 64.7 55.2 21 (@ 15y, 41:0)
. 158.8 1531.2 4 (240 18155))
Cottered - - 0 (B1..55, 'S1.10N
u 3 .5 253 2 (5.0, 4.5)
" 57 =7 59.6 34 (4.5, 4.0)
" 147.8 146.6 18 (4.0, 3v.5)

TABLIL IX:

Comparison of mean strong acid concentrations

and mean computed acid concentraticng

different pH intervals.

Period: January--June 1973.

for




