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COMPARATIVE MEASUREMENTS OF PARTICLE-BORNE SULPHUR BY X-RAY
FLUORESCENCE AND OF SO0T BY REFLECTANCE, USING DIFFERENT
FILTER MATERIALS.
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ABSTRACT

A comparative field study was made of two different methods
for determination of sulphur in air-borne particulate matter.

One of the methods used is based on sampling on membrane fil-
ters (Millipore AA) and calibration by dusting and the other
on sampling on fiber filters (Whatman 40) and calibration by
impregnation of the filter. The study showed that the calibra-
tion slope obtained by impregnation differed by a factor of
1.67 from the Slope obtained with the dusting method.

In addition, the reflectometric methods for determining soot
according to OECD were studied with Whatman 1 and Whatman 40
filters, A calibration slope for Whatman 40 filters was Prepared,

INTRODUCTION

X-ray fluorescence analysis has Previously proved to be a very
satisfactory mathod of determining different elements in sus-
pended particulate matter. In the studies published to date,
sampling is performed by collecting the particulate matter on
either membrane o fibre filters. The X=-ray fluorescence ana-
lysis being a Surface analysis, a higher relative intensity is

received from a membrane filter, on which the particles are sepa-
rated mainly on the filter surface, than from a fibre filter
where separation occurs inside the filter. However, certain disad-
vantages of the membrane filter limit its applicability., Firstly,
the type normally used (cellulose ester) is quite brittle, and
there is a great risk of mechanical damage to the filter. This
risk is enhanced by the radiation during the X-ray fluorescence
analysis, Secondly, the background content of certain elements,
especiaily suiphur, is excessively high and varying in the mem-
brane filter. Severa:l t/pes of Ffibre filters, on the other hand,
nave a lowem and, most important, more constant background. Fibre
filters cculgd therefore be more suitable for use in certain




routine analyses than membrane filters.

The method developed and employed at our Laboratory for Preparing
calibration curves for different elements is based on generation
of a particle cloud, containing special elements and collection of

We use it to prepare calibration curves for elements on membrane
filters mainly. Other laboratories use calibration methods based on
either impregnation of the filter with a solution, or vapourization
(Dittrech ang Cothern, 1971; Bonnevie-Svendsen angd Follo, 1972).
These procedures do not simulate the real sampling situation, but
are often preferred because of the facility with which samples can
be prepared ang their stability during repeated analyses (particles
dusted onto a filter can come off),

In the Scandinavian Project concerning the acidification of pre-
cipitation (led by the standinavian Council fop Applied Reseanch), and

in the OECD-project investigating long range transport of air
pollutants ). X=ray fluorescence will be used to determine sulphur
in filter—collected suspended matter. On developing measurement
and intercalibration routines, we found that membrane filters are

unsuitable for intercalibration purposes because damages to the filter
were likely as a result of the repeated analyses. Moreover, we found
that dusted filters, although being the calibration form preferred

by us, could not be used for intercalibration due to the risk of
losses of the filter-collected particles during transport. At the

Norwegian Institute of Aip Research (Nilu), extensive tests on the

Sulphur background in different filter types have shown that the
whatman 40 filter satisfies the requirements for a low and constant
sulphur content, Furthermore, Nilu developed a method for calibration
that is based on impregnation of fibre filters with sulphate solu-
tions (Bonnevie-Svendsen and Follo, op.cit). However, before it

could be accepted as a standard intercalibration method, we con-
sidered it necessary to test it against the method developed
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at our Laboratory. Thus, this study was undertaken primarily to
ascertain whether:

I. the relationship between measured intensities after parallel
sampling with membrane and fibre filters is constant for
different amounts of Particulate matter on the filter

ITI. calibration by means of impregnation is equivalent to
calibration by dusting and if not, how great the deviations
are.

Both sulphur and soot has 8o far been determined by us in samples
collected on Whatman 1 filters (Brosset and Akerstrsm

1972), the latter by reflectance analysis according to OECD.
However, the reflectance methods do not include the Whatman 40
filter. Should this filter prove to be suitable for sulphur
measurements, it would consequently be of interest to know if

it could be used for soot analysis. This study therefore includes
a comparison of the two filters by parallel sampling oOf soot
and . preparation of a calibration slope for the Whatman 40 fil-
ter. For Whatman 1 was used the calibration Slope prepared by
OECD.

EXPERIMENTAL

Sampling was performed with four Sets of equipment.
The filters used were

a) Whatman No. 1 effective filter diameter 25 mm
b) Whatman No. 40 " " " 25 mm
c) Millipore standard (aaA) " " ” 25 mm
d) Millipore standard (AA) " " " 14 mm

Through each set was drawn 2 m3 air/24 hours. The Probes con-
sisted of funnels of diameter 5 cm. Filter holders for the what-
man filters were in accordance with Nilu (fig 1A); for Millipore
25 mm was.used a teflon holder constructed by IVL-(fig.lB) and
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for Millipore 14 mm. a. masked 37 mm’'Millipore ‘standard holder.

The measurements were conducted at a station located about

20 km north-east of Gothenburg (Lerum) and comprised two
periods: 23 November - 18 December, 1971 (1) and 17 Januvary -
20 February, 1972 (2).

The samples were analysed with respect to S Ka intensity in

a Philips PW 1540 X-ray fluorescence spectrometer. The inten-
sity was measured for 3 X 20 seconds, from which a mean value
was calculated. Correction was made for background by measuring
blank filters and Correction for instrument variations by
measuring standard Preparations.

A calibration slope for Millipore 14 mm was prepared by the
method according to Gremnnfelt et al. (1971). This filter was to
form the basis for comparison of the calibration methods. The
Whatman 1 filter was included in this comparison since it had
Previously been tested in a similar study in parallel with
Millipore filters.

RESULTS

Comparative sulphur analyses

The sulphur X q intensities (expressed as counts/'m3 sampled air)
formed the basis of comparison of the filters. The values ob-
tained are shown in tables 1 and 2.

Correlation between the intensities from the different filters
was calculated and the results are given in table 3. The best
agreement was obtained between Whatman 40 and Millipore 25 mm,
with correlation coefficients from the two sampling periods of
0.97 and 0.95 respectively. Correlation between Whatman 1 -
Whatman 40 ang between whatman 1 - Millipore 25 mm was satis—
factory, whereas for Millipore 25 mm - Millipore 14 mm it was
relatively poor, Particularly for the first period, due to
air leakage in the 14 mm filter holder. Attempts to seal the
holder failed, and these values have therefore been excluded
from the study.




fig., 2 - 7, Fig. 4 and 5 show that the relationship between
the intensities from membrane and fibre filters is constant
for different amounts Of particulate matter on the filter . in
the range < 30 pg SOB/Pilter.

Comparison of relative intensities

The intensities from the different filters used in each sampling
wWere compared: The quotient between these intensities was formed
and the following mean values were calculated

Tw1 (samples) = 0.44 (n = 21) (s= 0.08; PAK) wixwsn s ves s (1)
M25(samples)

EEAO (samples)= .51 (n = 22) (s= 0.10; Loy 4 PR (2)
TM25 (sampies)

Eﬂl (samples) = 0.86 (n = 51) (s= 0.13; ISR 55560 unsoss (3)

where I = Intensity
W1l = Whatman No. 1; W40 = Whatman No. 40

M25 = Millipore standard 25 mm effective diameter
M33 = Millipore standard 33 mm effective diameter

From the above expressions it can be seen, i.a., that the
intensity from a Whatman 40 filter is 51% of the intensity from
a Millipere filter of equal diameter and equal amouwt.efssulphur.
It is also evident that the relative intensity from a Whatman 40
filter is higher than that from whatman Ly

~Lomparison of calibratien.methods

Having excluded the results from the Millipore 14 mm filters,
a straight comparison between the two calibratien methods (dust-
ing vs. impregnation) was no longer feasible. However, using
results from previous comparative measurements of Millipore 33 mm




and Whatman 1 filters, we calculated that

Ty (samples) = 0.50 (n = 26) L TR TR 1
IM33 (samples)

By combining (3) ang (4), it could be shown that

TWa0 (samples) - OB, . Bk drmarain bt ek e bE e (5)
IM33 (samples)

which means that the intensity from the Whatman filter is
only 58% of the intensity from the Millipore 33 mm filter for
equal amount of sulphur on the filters.

Calibrating Whatman 40 filters by impregnation as described
by Nilu and measuring the side to which the solution had been
applied, we obtained the conversion factor

0.185 ug 80, = s/count

The corresponding conversion factor for dusted Millipore 33 mm
Filters was

0.064 nug 805 = s/count

These conversion factors give

Iwm ﬁmm@mmtbn5tmﬁmﬁ)=(135.“.”.“.”.“ (6)
TM33 (dusting standard)

If calibration by means of dusted filters is considered to
give a correct value (IM33(samples)'a Iysg (dusting Standard)),
we will get from (5) and (6)

Iw4o (impregnation standard) = 0.60

e

IW4O (samples)
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This deviation is explained by the penetration into the filters
being greater for impregnation than for sampling of air-borne

particulates.

Comparative soot measuremats

The result of the soot analyses are shown in fig. 8, in which
the amount of soot on Whatman 1 filters corrected for variations
in sampling volume is Plotted against the reflectance measured
on the Whatman 40 filters. The Whatman 1 standard curve as well
as a drawn curve for Whatman 40 are included.

CONCLUSIONS

This study shows that Whatman 40 filters may well be used for
measurement of both soot and particle~borne sulphur in the at-
mosphere. When determining sulphur, a considerably lower rela-
tive intensity is obtained in the x-ray fluorescence analysis,

as compared te membrane filters. Furthermore, it is not possible
to use calibration: by means.of impregnated filters as an absolute
method, buti it can be recommended as a relative calibration methad .

The soot measurements show that the Whatman 40 filter gives
greater reflectance than a Whatman 1 filter with an equivalent
amount of soot, thereby giving greater sensitivity at low
concentrations.
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Table 1

Intensities (counts/hs) of different
filters for sampling period 1

Whatman % Whatman 40 Millipore 23 mm Millipore 14 mm

eEe counts/m counts/m3 counts,/m counts/m3
23/11-71 254 333 - 1112
24/11 244 395 519 915
25/11 271 322 695 602
26/11 233 270 480 842
27/11 847 1175 2053 2394
29/11 1151 1346 2048 2308
30/11 1018 1243 2313 1514
1/12 589 823 1568 1013
2/12 588 760 - 1306
3/12 721 819 1699 1354
4<5/12 238 267 1559 >
6/12 401 489 1099 1835
7/12 193 182 284 562
8/12 0 210 491 331
9/12 169 217 337 360
10/12 215 193 331 330
11/12 127 149 319 287
13/12 315 420 797 354
14/12 764 846 - 1133
15/12 595 592 - 858
16/12 627 596 - 1290

17/12 792 968 2191 1363




Table 2

Intensities (counts/h3) of different
filters for sampling period 2

Date Whatman } Whatman %O Millipore 23 mm  Millipore 1§ mm
counts/m counts/m counts/m counts/m
17/1-72 328 373 574 473
18/1 377 449 839 361
19/1 1389 1592 2753 3383
20/1 341 388 793 447
21/1 959 1214 2320 3173
-23/1 707 833 1723 1632
24/1 1379 1474 3449 2658
2571 1874 2294 3906 5743
26/1 2363 2840 4064 -
27/1 1439 1549 3485 4985
28/1 559 872 1679 930
29-30/1 830 957 1778 1064
31/1 1239 1803 2589 -
1/2 1523 1750
2/2 1942 2256
3/2 1712 2124
4/2 - -
5-6/2 913 1158
/2 1430 1663 1023
8/2 1074 1523 3544
9/2 979 835 518
10/2 272 405 1132 1016
11/2 525 430 1321 646
12-13/2 1000 971 2217 1313
14/2 762 837 2211 2191
15/2 1045 400 905 726
16/2 584 680 1449 973
17/2 722 960 1894 1819
18/2 1236 1424 2642 2625

19-20/2 2319 2380 3999 3783



Table 3

Correlation between the intensities
(counts/hS) from the filters tested

Sampling

period 1
Whatman 1 - Whatman 40 0.97
Whatman 1 - Millipore 25 mm 0.95
Whatman 40- Nillipore 25 mm 0.97

Millipore 14 mm-Millipore 25 mm 0.82

Sampling
period 2

0.92
0.92
0.95
0.91

Mean
value

0.945
0.935
0.96

0.865
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Fig., 3' Same as fig. 2






