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FOREWORD

At the first meeting of Working Group 1 of the Inter-
national Organization for Standardization's Technical
Committee 146, it was decided to prepare a document
describing a titrimetric Thorin method for determination
of sulphur dioxide in air.

I did not agree and therefore submitted this paper to
the members of the Working Group 1 before the second
meeting in September 1973.

It was at the second meeting decided to prepare a draft
method based on the spectrophotometric and not on the

titrimetric principle.



ISO/TC 146/WG1l (Norway 2) U4OE

SOME INFORMATION ABOUT THE SPECTROPHOTOMETRIC THORIN
METHOD, WORKING DOCUMENT NO TC 146/WG1-N3E PRESENTED
AT WG1l's FIRST MEETING IN GOTHENBURG MARCH 1973

The spectrophotometric Thorin method does not require a
special instrument. Any spectrophotometer with a light
source around 520 nm may be used. The TCM-method has

already been recommended by the WG-1l, and the spectro-
photometric Thorin method can be carried out on the same
type of instrument.

Two different makes of spectrophotometers have been compared
at our laboratory. The results from seven air samples are
listed in Table I.

The titration method needs a spectrophotometer equipped
with a stirrer, and also a microburette. The titration is
performed in an open cell, and the sample is exposed to

1igh$ during the titration.

The concentration of S0, in 7 samples determined

with two different makes of spectrophotometers.

Sample No. Hitachi/101 Vitatron
L 2.6 pg S0z/ml 2.7 pg 80z/ml
2 8.9 ug S0z/mi 3.9 ug SO02/ml
3 3.8 uyg SO0z2/ml 3.8 ug SO,/ml
i 3.% wg S0s/ml 3.5 Uug S02/ml
5 2.0 ug 80g/ml 2.7 wg SO0z /ml
6 1.8 mg S0,/ ml 1.5 ug S0,/ml
7 4.0 ug SO,/ml 3.9 ug SO,/ml

Table 1



The titration method is time consuming compared to

the spectrophotometric Thorin method. It is possible to
run 10 analyses per hour, including sample preparations

and caglculations, when using the spectrophotometric method.
Only three samples per hour can be run with the

titration method.

Even if all the samples have to be analysed twice by

the spectrophotometric method in order to adjust the
concentrations to the range 1 - 8 ug SO2/ml, the
spectrophotometric method will be faster than the titration
method.

The method is easily adapted to an automatic analyser
Some laboratories, where S0, is analyzed as a routine,

have years of experience with this automatic system.

The spectrophotometric method is sensitive, reproducible
and selective. The accuracy is good, as compared to the
accuracy of thesampling method. Reproducibility and
repeatability are demonstrated in some of the tables
below, where standard deviation for each series of

analyses is included.

The method is recommended in "WMO Operations Manual
for Sampling and Analysis Techniques for Chemical
Constituents in Air and Precipitation, part II".
Unfortunately this document is still in draft form

and not available.

This method was also recommended to the countries
participating in the OECD-programme: Long Range
Transport of Air Pollutants (LRTAP). The concentration
of sulphur diexide in aiy and sulphste in precipitation .
are determined in this programme. Ten European
countries participate, two of these countries prefer

to use the titration method while eight are using the

spectrophotometric method.



It was essential to obtain comparable results from all
the laboratories participating in the LRTAP-programme,
and therefore an interlaboratory test programme was run
in 1972. The test samples were prepared from

103N H2S04, MgS04/7H,0 and the absorption solution.

A blank containing only the absorption solution was sent
together with the samples to all the laboratories. The
results from five "air samples" analysed by the
spectrophotometric method in eight different countries are
shown in Table II. Sample no. 4 had to be diluted for
this method.

Table II

Concentration of SO, in air samples. Results
from an interlaboratory test. The spectrophotometric
Thorin method has been used. The results are
expressed in ug SOz/ml.

Sample Calculated
Nop —pomcpler s < s Results from country no.
1 2 8 4 5 6 i/ 8
i 1.2 Lodi b 21 edadl ), Ligkll e e 4 1.e.2
2 6 35 21 5.6 LTS I S Brs 0lf 56
3 3.4 ol 1 B8l B2 4.0 4.0l 3.5
4 1.9 =10 172 T S H AT 58 {1185 B L6158 = N5 2[185S
S 0.6 O | 070 O L s Bl DBl LS Dab
Precipitaion samples (6 - 10) were prepared from 10~ ?N

H2S04, MgS0O4 7H,0 and water (destilled and deionised).
An interfering cation was added to these samples,
therefore they had to be ion exchanged prior to the

analysis. The results are given in Table III.



Table IIT

Concentration of sulphate in precipitation.

Results from an interlaboratory test. The Spectrophotometric
Thorin method has been used. The results are given in

ug SO%" /ml.
Sample Calculated
No Py fung § R Results from country no.
gl . g 4 8 6 i} 8
6 10,476 10, 7105 | L0 1] 103 - |110.4]11.0 =
v g8.82 3-8 Y1t 8.8 4.0 = 8.8 4,7 -
8 5.%8 5.0 B8 B.1fF 8.2 - 4.8 6.0 =
9 7«8 T8l Ta9) Toll 7.5 = 7:2) 8.8 =
10 5.43 Bedil Selt] 5.5 5.2 - S5.00 E.2 =
Table IV gives the mean value for each sample, and the
standard deviation. This table shows the reproducibility
of the method. Some of the laboratories had no previous
experience with this method, and the results would
probably have been better if the test programme had been
repeated now, a year later.
Table IV
The mean value (x) and standard deviation (S) for the
five test samples for SO, in air.
Sﬁgple n calc. X S % n | cale. x S %
Sone . mean gome .
ug SO»/mi| ug SO, /ml std.dev dev.
b 8 1.2 1.286 0.22 aPal ir % " 1.1910.10] 8:3
2 8 06 .81 0.23 4.1
- 8 3.4 .52 028 8.1
4 i 19,6 18.14 0.93 5.1
5 8 ORLS) 073 0.24 3.6 7 0.6 0.66(0.13}119.6

The numbers to the right were obtained when the results
from country number 7 were excluded (see Table II).



Two of the countries made several independent
measurements on each sample and sent us the results.
They had no experience with this method, but their
results are quite satisfactory, see Table V. The
samples were not rerun on the same day. The first
column in Table V shows results from country no. 4
for March 23rd, the second for March 27th and the
thdird feowr MHMay SEh, 1972,

Table V

Results from two different laboratories where the
analysis has been repeated on the same sample.

Sggple Country no. i Cotmiry fhid, 3
Air samples ug SO02/ml
3-23 3-27 5 -8
1 10 il Sl 0, 8551501 5= e 200 o 2=, 22, 1. 51=10) '
2 5.4 ST 51,2 5.,75-5.2-5.65-6.0-5,.9-5.7-5,75-5.3-5.3
3 3 =9 S 82 249 8l 31315 3.4 3425
4 L9686 % 182" 176 16.8 18.0 E7 8 L8.8
5 0.8 Wi ol50) 0,055 0565 . Ot o o clisnlaS Bl i
Precipitation samples ug SO§~/ml
6 L0 S a8t 0.7 10.2 105 959 9. 75
i 4.5 3-8 3.6 37 4.0 3.8 349
8 5.4 Simdls Skl Shadl Sln 4.8 5.4 5 4.2
9 W o2 7.9 TS 7 =18 7.4 Trollt 1D
10 S 53 5.0 5.4 543 5.4 5149

The mean values from each of these two countries are
given in Table VI together with the standard deviation

and the standard deviation in percent of the mean.



Table VI

The mean values and standard deviation of the
numbers given in Table V for country no. 3.

“New | ahncemtesiten Country no. 3
n b'e S %
1 1.2 pg 80a/ml]| 7 W09 Il Dl | A0
2 5.6 ug SO0,/ml| 9 Daloid |l 10 527 4.8
3 3.4 pyg SO0,/ml| 5 3520 [ 10,258 o
4 139.0 pg SO,/ml| U4 a7 o Y [ 0 4.0
5 f.6 ug S0ximi] 5 088 | ©.07 ) 1ds0
6 10. 78 wg SOF"/rmli o L0028 [ @29 2.8
7 3.92 ug SO,~/ml| U4 35815 |1 OEIL Z:9
8 .36 g €0y~ /ml| S .18 | D20 3:8
9 7.9 ug SO /ml| u 7452 | §.16 2.2
10 S.43 Ug SOR~/mil. 4 5.5D | 0.07 Lad

The national laboratories participating in the OECD-
programme, and the interlaboratory test programme are
listed here.

The British and the Swedish laboratories have been
using the Thorin titration method, and their results
are therefore not included in the tables above.

The German laboratory was at that time (1972) using

the turbidimetric method.

The Italian laboratory took part in the interlaboratory
test programme (using the spectrophotometric method),

but has not joined the OECD-programme.



THE NETHERLANDS

Rijks Instituut voor de Volksgezondheid
Anthonie van Leeuwenhoeklaan 9

Postbus 1

Bilthoven

DENMARK

Dansk Kedelforening
Sankt Peders ve]j 8
DK-2900 HELLERUP

SWITZERLAND

Eidgendssische Materialprifungs- und

Versuchsanstalt fiur Industrie, Bauwesen und Gewerbe
Ueberlandstrasse 129

CH-8600 DUBENDORF

FINLAND

Vattenstyrelsen
Vattenundersgkningsbyran
Karelargatan 2

00520 Helsingfors 52

UNITED KINGDOM

Department of Trade and Industry
Warren Spring Laboratory

PO Box 20, Gunnels Wood Road
Stevenage, Herts, SG1 2BX

ICELAND

Raunsdknastafnun Idnadarius
(Industrial Research and Development Institute)
Keldnaholt

Reykjavik



FRANCE

Institut national de recherche chimique appliquée
(IRCHA)

Boite postale no 1

gl1-Vert-le-Petit

SWEDEN

Swedish Water and Air Pollution Research Laboratory
Djurgdrdsgatan 26

P.0. Box W0S52

S-40040 G@gteborg

ITALY

Consiglio Nazionale delle Richerche
Laboratorio sull' Inquinamento Atmospherico
Instituto di Chimica Analitica Universita
00185= ROMA

AUSTRIA

Abteilupg fir Lufthygiene an der Bundesstaatlichen
bakﬁerlologisch-serologische Untersuchungsanstalt
Abteilung fur Lufthygiene

1090 WIEN

Wahringerstrasse 25a

GERMANY

Deutsche Forschungsgemeinschaft
Aerosolmesstelle Schauinsland
7801 Schallstadt i. Br.



An interlaboratory test programme has been run in
Norway, and nine laboratories participated. The
analytical training and experience was limited, and
none of the laboratories had previously been using this
method. The results from these laboratories are given
in Table VII. The "air'" samples were prepared in the
way described in 7, and some of the samples are the
same as those distributed to the laboratories in the

international programme.



Results from a Norwegian interlaboratory test programme.

Table VII

The spectrophotometric Thorin method has been used.

OMMWMMWWMMMOS Results from laboratory no.
=t 1 2 3 4 5 6 7 8 9 n X s g =S meoo

0.6 Ol & 0.6 0¥ 3 067 | .05 750
1.0 0.9 150 ligs.0 1Ll 0:8 1.0 6 B=97 [0.09 SN
o2 S die 2 el 52 1.4 1.4 5 1,30 }0.09 6.8
2.0 2.0 4 2.00

e PhayS 23 ) 25 Pas 5 2.50 | 0.13 5.0
2418 28 1 2.80

3.0 248 Bl 2 2595 [0S Sialk
3.4 3lu0 s 3.00

4.0 88 4.2 2 4,00} 0.20 5.0
5.0 Bl 4.9 5.0 502 52 5 5408 | 0512 2453
506 Sad Sl Sis D 56 5.6 Bie O 6 5098 [10:19 3,8
6.0 6la 2 )’ 6.20

740 Bia 7 7.0 BislS e ol Y 5 6.98( 0.17 2
8.0 8l 1 8le30

9.0 92 1 9.20

Dhen 9.8 i 9 310

10.0 919 1 9.90

19.0 19.6}] 18.0 | 18.4 | 18.7 13.0 5 185741 10 Sl 2 59

0T



11

Two of the laboratories, number 5 and 8, have analysed

the samples several times. The results are given in

Table VIII. The same table also contains the mean

values and standard deviations.

Table VIII

Repeatability in two of the laboratories analysing
test samples in the Norwegian interlaboratory test

programme.

Calculated Results from laboratory no. 5 Results from laboratory no. 8
concentration v
ug SO0,/ml n X n
1.0 1.15-1.05-1.05-1.15-1.15] 5| 1.11{0.05| 4.4 1.0-1.0-0.9-1.0-2.0-0.9 | 6| 0.97]0.05| 4.9
eored 2.5 5-12.255=2 .13151=2 ..50=2.. S| Hil " 248007 3.0 2k =2 =2k
5-0 5} 001-152: 1352254 1L 52251 116546 51 51" 5 2810k 14 |8 161 [§ Ok TeSE i ZmiEns Uit 2184 7 2==8 20 | 8L 5020 LOE0I9) [ K 10"
7.0 7.1-7.0-7.2~7.05-7.1 Sy 720905 07 | {6 9 [\ Tmb—70=7 52=70=7 567 52 [ 6 7 .28 025! | w&kid
8.0 81 0i=Bl.. 581+ 6/=1Bi T 1l 4815 30| OF25) | i Slact
2.0 8119 =31 =1g=8] . 2 L f| "G5 22 HORR2I0M 572
10.0 9i..6=9L.19=1.0..,0=9%19 ush 191, 8isjhorLsy | EIES56




9 At the National Institute of Public Health in Bilthoven,

The Netherlands,

SO2 in air has been determined simul-

taneously by the TCM method and the spectrophotometric

Thorin method for about 1} year. The air samplers are

placed side by side at three different sampling stations.

A correlation analysis has now been run on these data from
dgly Lls 1972 Through Ap¥il 308 1873 (ssa Takle TH).

If another method is to be standardized in addition to

the TCM method,

it is of course essential that the two

methods yield comparable results.

Table IX

Results from a correlation analysis of the spectrophoto-
metric Thorin method versus the TCM method.

n B
station sample coefficient of Regression line
no size correlation
1 252 051837 SozThorin:O°937 SOZTCM~O.187
239 0.888 SOZThorin:0'897 SOZTCM-O.ZOO
8 203 0l 82 =0.946 SOZTCMfO.Sll

P2l i




10.

The method has been tested at The Norwegian Institute

for Air Research's laboratory for low concentrations

of SO0z in air. The Wgsthof "Dosimat" apparatus giving

known amounts of SO, was used, and a sampling bottle

containing the absorption solution specified by the
method. Table X is a list of the amount of S0, added

per ml solution, and the results after the samples have

been analysed. Samples with a concentration lower than

1 pug SO02/ml were evaporated and rerun.

Table X

Analytical results from samples with air containing a
SO, has been added to the sample
from a Wgsthof "Dosimat" apparatus.

known amount of S0,.

- II III
Concentration added Concentration ana- g?iginzgigéggtion
ug SO02/ml lysed ug SO2/ml ug SO02/ml

0 0,28 0.26
0 0.05 0.12
0 0.10 0.065
0 0.15 0.094
0.08 0.10 OF - 1EOLS
0.10 0.15 0.155
0T 0,15 0.160
0.1u @25 0. 265
.28 0.40 0.u405
. B 0 5% 0,562
0.50 0.50 0.480
B0 050 0.680
T 172 1,02

150 1510

1.34 T 155

1.u8 1.45

2l 1.85

2. 89 2:00

%52 2.50

v BT 2«65

The correlation coefficient between the calculated con-

centration (I) and the concentration determined (II) was

0.996, and between I and III it was 0.949.




= N =

In a few cases the permeation tube has been used at the
laboratory, instead of the Wgsthof "Dosimat" apparatus.

The results are given in table XI

Table XI

Analytical results from air samples containing known
amounts of S0.. SO, has been added from a permeation
tube.

ug SO0, added by Bg 30 Lfoumid in
a permeation tube 50 ml absorption
solution.
L4.0 43.7
50,8 46.2
9153 92«5
61.6 66.2
10%2 ile i I
171910 80.0
66.0 65.0

A new technique for sampling of low SO2-concentrations

has been developed. Air is passed through a filter

that has been pretreated with an SO:-absorbing chemical.

80z 13 exidized to 80y . The filtepr is leached In water,
the solution is ion exchanged and analysed. Several
laboratory tests have been run to improve the technique

and to look at some of the interferences (such as humidity).
Both a permeation tube and the W@gsthof "Dosimat" have

been used to prepare air samples with known amounts of

IO

The results given in Table XII are from test where the
temperature varied from -10°C to +25°C. The relative

humidity was kept above 70%.



Another test was run at room temperature, but the
relative humidity varied from 20% to 65% (see Table XIII).
The reproducibility was poorer in this case. (These

two tables are from NILU, Technical Note no 53/73). This

work is not finished.

Table XII

A comparison of the amount of SO, added to the air samples,
of SO, determined on the filters, when the spectrophoto-
metric Thorin method is used. The temperature varied from
-10°C to +25°C. The relative humidity was above 70%.

ug S0z added ug S0z found
Bimil Tzl
8.6 8.0
716 6.2
Tt o6 8.2
8= 840
8.1 B 2
8.1 8.0
825 28.4
5.4 5ol
5ol 5.4
5.4 5.4
5.4 5a9
8.4 9.7
5.4 5.85
5.4 5
5w L} )
5.4 St4.7
7.05 85

Correlation coefficient: 0.993.

Repeatability when 5.4 pug SO2 and 8.1 ug SO2 are added,

is as follows:

added n X S
n = sampling size
5.58 0.194 X = arithmetic mean
S = standard deviation

Byl L 298 0.178
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Table XIII

A comparison of the amount of SO, added to the air samples
and the amount of S02 found on the filters, when the
spectrophotometric Thorin method is used. The relative
humidity varied from 20% to 65%. The tests were run at
room temperature.

ug SO2 ug SOz ug SO0z
added found humidity %

20
25
26
26
28
28
29
%9
30
30
30
30
30
30
33
33
40
47
60
60
60
60
60
65
65
65
65
65
65
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Correlation coefficient 0.997.



Repeatability when the dose is 5.4 ug SO, or 8.1 ug SO,

added n X S
n = sample size
X = arithmetic mean
E 4. 84 0 9% S = standard deviation

13 8 di3 0.534




