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The West-Gaeke method has been shown to be feasible for detecting changes in

SO, concentration greater than 10%.

Reliable results can be obtained if one

makes up stock solutions of the pararosaniline dye from the same powder batch

at the same time.

Since its inception in 1956, the
West-Gaeke method! seems to be the
one most widely used for the determina-
tion of atmospheric sulfur dioxide (S0,).
It is most important for workers in the
field to have an exact idea of its ac-
curacy, reproducibility, and limitations;
particularly when they are trying to de-
tect small differences in its concentra-
tion. Some of the latter considerations
have been discussed in the literature.!~7
Part of the experimental error lies in
analytical determination of SO, while
part is inherent in the method of sam-
pling. This paper will discuss only the
analytical portion of the West-Gaeke
method. We shall appraise the method
and consider certain modifications which
minimize its errors.

The West-Gaeke method is applicable
to SO, in the concentrations range of
0.005 to 5 ppm. SO, from an air
sample is absorbed, generally by a flow
process, in 0.1M sodium tetrachloro-
mercurate (Na,HgCly). By this tech-
nique, the formation of nonvolatile
dichlorosulfitomercurate ion stabilizes
80; in solution. Upon the addition of
acid-bleached pararosaniline dye and
formaldehyde to the above solution,
reddish-purple  pararosaniline methyl
sulfonic acid is formed and determined
spectrophotometrically at 560 u. West
and Gaeke maintain that the system
obeys Beer’s law up to about 10 u1 SO,
per 10 ml absorbing solution. - It has
been - suggested that the  West-Gaeke
method is more sensitive than the hy-
drogen peroxide method and is not sub-

Gum arabi¢ stabilizes the SOs-tetrachloromercurate com.
plex at concentrations of SO; > 8 ug/ml.

ject to interference from acidic or basie
gases or solids.?

Some of the limitations of the West-
Gaeke determination relate to:

1. The instability of the SO, complex
with Na,HgCly

2. The fairly rapid fading of the de-
veloped color

3. The purity of dye and lack of repro-
ducibility of the stock dye concen-
trations and calibration curves

4. The deviation from Beer’s law at
relatively low absorbances

5. Interference of oxides of nitrogen and
ozone—concentrations of interfering
oxidants should be less than that of
S0, i.e., up to about 2 ppm.

Each of these points (emphasizing 1.

Dr. Trieff is Assistant Professor
of Chemistry, Environmental Engi-
neering and Science Program, Drexel
Institute of Technology, Philadel-
phia, Pa. 19104

Dr. Wohlers is Associate Profes-
sor of Environmental Science Envi-
ronmental Engineering and Science
Program, Drexel Institute of Tech-
nology, Philadelphia, Pa. 19104.

Dr. O’Malley, formerly Assistant
Professor of Chemistry in the De-
partment of Chemistry, Drexel
Institute, is presently associated
with Hartman-Leddon Co., 60th
and Woodland Ave., Philadelphia,
Pa. 19143.

Dr. Newstein is Professor  of
Physics, Department of Physics,
Drexel Institute of  Technology,
Philadelphia, Pa. 19104.

329



Table I. Data on Precision of West-Gaeke

Num-

Num- ber of

ber of Par-

Identity of Coefficient® Sam- tici-

Cso2 Study of Variation - ples pants
0 This laboratory 234.2 10 1
0.25 A.R.S. 17.6 123 40
0.414 This laboratory 2.41 10 1
0.70 AR.S. 15.8 121 40
0.826 This laboratory 1.75 10 1

1.0 Taft Center 6.55

1.10 AR.S. 12.8 115 38
1.107 This laboratory 2.51 10 1
1.686 This laboratory 0.447 10 1

and 2.) will be discussed after an ap-
praisal of the reproducibility and ac-
curacy of our results.

Results
Precision of the Analytical Method

In our laboratory we have made a
study of the precision of the West-Gaeke
method by the addition of sulfite to
Na,HgCls solutions rather than by air
sampling. The results of this study ap-
pear in Table I in combination with
data from other laboratories. The SO,
solutions were made up from a 400 ug
per ml standard SO, solution and de-
termined essentially by the method of
Hochheiser® which involves iodometric
titrations.

Except for the very poor precision
around zero, which is understandable,
our precision has a coeflicient of varia-
tion between 0 and 2.5%,.

An extensive study of the precision of
the West-Gaeke method has also been
made by the Analytical Reference Ser-
vice (A.R.8.),” of the Taft Center, Cin-
cinnati, and these data are included
in Table I as are some recent data
of Scaringelli, Saltzman, and Frey.’
While our data compare favorably with
those of the other investigators, such
comparisons are not entirely valid.
Our data were obtained at one time by
one chemist using identical solutions,
while the data from A.R.S. were ob-
tained by many different laboratories,
leading to decreased precision. Never-
theless, it seems clear that for the de-
termination itself, excluding the air
sampling, it is possible to achieve a pre-
cision of 2 to 39, for reasonable ab-
sorbances, ie., 0.2 to 0.8 absorbance
units.

Precision of Calibration Curves

Using the West-Gaeke procedure,
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nine calibration curves were obtained
with several different stock dye solu-
tions from a single batch of purified
pararosaniline hydrochloride. By the
least mean square regression technique,
the following regression equation was
obtained from the data for all nine runs:

Aso = 0.001816 + 0.04962 X
(,ugms SOz) (1)

sample

It may be shown that the standard
deviation is 3.53 X 10~% and that the
average slope is b = 0.04962 == 0.00288
within the 95% confidence limits for
eight degrees of freedom. The coeffi-
cient of variation equals 0.711%, indi-
cating fairly precise data.

Statistical analyses of our data indi-
cates that, for the most part, calibra-
tion curves are not substantially af-
fected by the dye solution, providing
that it is made up from the same batch
of dye, using a standard technique.

Accuracy of Results

In order to determine the accuracy of
our results, seven different solutions
were made up by dilution from a stan-
dardized SO, solution. Then West-
Gaeke determinations were run on each
solution in duplicate and the observed
absorbance at 560y was substituted into
eq. (1) to give a corresponding value of
pgms SO, per sample. These results
are tabulated in Table II. ‘

In examining these results, one notes
that the error varies from -40.35 to
—8.1%. Our results compare favor-
ably with data from the A.R.S.7

Clearly the accuracy may be im-
proved by use of a calibration curve in-
cluding perhaps 50 to 100 runs, rather
than nine, over different dye samples
from different batches so as to have a
more statistically valid sample. Never-
theless, our data does suggest that we

can expect, in general, our error will be
under 109, and probably under 8%
using the experimental system as is and
the present calibration curve.

Stability of the SO; - Na;HgCls Complex

Other workers have recommended the
addition of gum arabic to SO solutions
in order to enhance the stability of the
80,-tetrachloromercurate complex.%710

In order to corroborate this work, the
effect of gum arabic on different concen-
trations of SO, was investigated. Var-
ious concentrations of SO, were made up
from bisulfite in 0.1 Na,HgCls and in
0.1M Na,HgCly containing 0.5g of gum
arabic/100 ml. At various times after
preparation, 1 ml aliquots were removed
and diluted to 10 ml with the appropri-
ate absorber. The color was developed
in each case in the usual way. The re-
sults of this experiment are shown in
Fig. 1 with data for the concentrations:
17 and 8.5 pgSO,/ml. A marked loss
of the SO, occurs with no gum arabic
present in the case of 25 (not shown)
and 17 pgS0,/ml and only a slight loss
for 8.5 ugS0O./ml. In the cases where
gum arabic was added, a slight loss may
possibly occur in the two higher concen-
trations after about two weeks. Exper-
iments were also performed at concen-
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Figure 1. Decompostion of SOs-Tetrachloro-
mercurate Complex as a function of time. Con-
centration of NazHgCl: is 0.1M; concentration
of gum arabic is 0.5 g/100 ml 1:10 dilution
made in each case before determination.
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trations of 2 and 4 ug/ml, but these data
are not included, since there was signif-
icant scattering at these low levels.
The paired ‘‘t-test,” comparing gum
arabic solutions with those containing no
gum arabie, showed differences at 8.5
and 17 pg/ml for both 95 and 999, con-
fidence levels. But for 4 pg/ml there
was only a difference at the 95% con-
fidence level.

Our data suggests that for a level of
1 to 2 ugS0,/ml, gum arabic does not
appreciably enhance the stability of
the SO,-tetrachloromercurate complex.
Only at high concentrations of SO, (ap-
proximately 8 pg/ml or more) and where
the SO, solutions must stand for several
days before analysis, is the use of gum
arabic recommended.

An additional point to consider is that
gum arabic, like many proteins, foams
as air is drawn through it. Even
moderate flow rates may cause the ab-
sorber to bubble out of the impinger.
For field use with the gum arabic modifi-
cation, either low flow rates or the use of
an added defoamer would be recom-
mended.

Development and Fading of Color

In our experiments, for the most part,
a color development period of about 30
minutes was arbitrarily used. How-
ever, if at this time the absorbance was
still increasing, measurements were con-
tinued until a stable value was attained.

Because of the variability of this time
for color development from sample to
sample, some limited experiments were
run to ascertain the effect of age, dye,
gum arabic, and concentration of SO, on
time of color development. Data were
obtained for Ase as a function of time
for SO, solutions with final concentra-
tions of 1.6 wg/ml. In each pair one
of the solutions contained gum arabic
while the other did not, and one pair
used freshly-made acid-bleached dye,
while in the other it was two weeks old.
Also, data were obtained for the cor-
responding reagent blanks versus dis-
tilled water and showed a rising ab-
sorbance with time. The maximum
absorbance for the solutions was reached
in 14 to 15 minutes. Thereafter, there
is a decline in the absorbance, although
the rate of decline is much less than the
rapid rise during the first ten minutes.
After 70 minutes have elapsed, the de-
crease from maximal development for 1.6
ug/ml is 8 t0.9%. The results of these
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Table 1l. Determinations

of Accuracy
Procedure as a Function of Concentration.

in West-Gaeke
{Our Laboratories)

pgms
4ugms SO, per
SO; per Sample,
) Sample West-Gaeke
Sample Actual (best cali-
Desig- (by titra- bration Error
nation tion) Aseo curve) (%)
A 1.978 0.101 1.915 —3.185
B 3.957 0.203 3.971 +0.354
C 7.920 0.367 7.280 —8.08
D 9.88 0.466 9.275 —6.13
E 11.86 0.592 11.81 —0.423
F 15.82 0.746 14.91 —5.75
G 19.76 0.928 18.65 —5.62
(Average error) —4.22

experiments show no significant change
in behavior due to addition of gum ara-
bic or substitution of old dye for new
dye. However, in the solution con-
taining gum arabic there was a more sub-
stantial rise in the absorbance of blank
versus distilled water than where no
gum arabic was present. To eliminate
the effect of changing absorbance of re-
agent blank, the absorbance of the solu-
tion can be considered versus distilled
water.

Error Analyses

A detailed error analysis cannot be in-
cluded here because of space limitations.
However, by the method of Livings-
ton,!? the probable relative error in the
concentration of SO, has been deter-
mined and found to be £9.6% by con-
sidering all possible errors in the an-
alytical and sampling portions of the
method. This is the random error
that one can expect after systematic
errors, most of which are negative, have
been considered.

Conclusions

Reliable results can be obtained by
the West-Gagke method for the de-

termination of SO, if stock solutions of

dye are made from the same dye batch
at the same time.

Gum arabic enhances significantly the
stability of the SOs-tetrachloromercu-
rate complex only at high concentrations
of SO; (>8 ug/ml).

The rate of color decay is greater than
that which has been indicated in the
literature. The absorbance of the rea-
gent blank rises with time.

Error analysis showed the probable
relative error of SO, concentration to be
+9.6%.
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