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Determination of Silicon in Streptomycin by

Atomic Absorption

R. J. HURTUBISE

Abstract O An atomic absorption method was developed for de-
termining silicon in streptomycin without prior separation. The
method has a reproducibility of £2.2 ppm and a detection limit
of 5 ppm silicon. Ash-fused and untreated samples were com-
pared, and a deuterium arc background corrector indicated a
moderately high bias in the results.

Keyphrases O Silicon—atomic absorption determination in strep-
tomycin [ Streptomycin—atomic absorption determination of sili-
con content [0 Atomic absorption spectroscopy—determination of
silicon in streptomycin

Because the manufacturing of pharmaceuticals in-
volves many complex chemical and physical pro-
cesses, contaminants can be introduced in many
places before the final product is obtained. Thus,
there is a need for precise, accurate, and sensitive
analytical methods to determine contaminants. Sili-
con can be introduced by raw materials, water, and
other sources into many in-process manufacturing
samples. In the pharmaceutical industry, the control
of the amount of silicon is important because it can
directly or indirectly cause turbidity in solutions of
product samples.
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Figure 1—Typical standard addition curve for streptomycin.
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Few atomic absorption methods have been pub-
lished for the determination of silicon in pharmaceu-
ticals (1, 2). This paper describes a rapid, sensitive,
and accurate atomic absorption method for the de-
termination of silicon in the antibiotic, streptomycin.
Ashing and alkaline fusion steps are not needed, and
a deuterium arc background corrector may be em-
ployed, depending on the accuracy desired.

EXPERIMENTAL

Apparatus—An  atomic  absorption  spectrophotometer!
equipped with a nitrous oxide burner and a deuterium arc back-
ground corrector? were used according to the manufacturer’s in-
structions. A single-element silicon hollow-cathode lamp? was
used for all silicon determinations. The following instrument set-
tings were used for all measurements: resonance line, 251.6 nm;
slit 4; lamp current, 40 mamp; nitrous oxide flow, 13 liters/min;
and acetylene flow, 12 liters/min. Experimental results indicated
that Pyrex volumetric glassware was suitable for this work.

Reagents—Fisher certified sodium silicate atomic absorption
standard was used to prepare all silicon standards.

Procedures—Determination of Silicon—Between 24.0 and 26.0
g of streptomycin sulfate was weighed accurately into a 50-ml vol-
umetric flask and diluted to volume with distilled water. Ten-
milliliter aliquots of this solution were transferred quantitatively
to three 25-m! volumetric flasks. Aliquots (1 and 2 ml) of 50 ug/ml
standard sodium silicate solution were added to two of the volu-
metric flasks, respectively, and the contents of all three flasks
were diluted to volume with distilled water. The atomic absorp-
tion unit was adjusted so there was a fuel-rich flame, the absorb-
ance was set at zero with distilled water, and the absorbance of
the three solutions was determined. A standard addition curve
was prepared by plotting absorbance against micrograms of sili-
con per milliliter added to streptomycin solutions. The line inter-

1 Perkin-Elmer model 403.
2 Perkin-Elmer.
3 P-E Intensitron lamp.



Table I—Recovery of Silicon

Silicons Silicon Silicon® Silicon Silicon® Silicon Silicon®
Present, Added, Found, Added, Found, Added, Found,
Sample ppm ppm ppm ppm ppm ppm ppm
1 47 9.5 9.0 19 19 47 47
2 70 10.0 7.8 20 17 52 42
3 65 9.8 7.4 20 15 49 37
4 66 9.8 7.4 20 15 49 37
5 70 10.0 8.0 20 17 50 42
6 65 9.9 9.9 20 20 50 48
7 54 10.0 10.0 20 20 50 47
8 46 9.9 8.5 20 18 50 47
9 55 10.0 8.4 20 17 50 47
10 56 9.9 8.4 20 17 49 46
11 74 10.0 8.0 20 15 50 40
12 54 9.6 9.6 19 17 48 45
Average 9.9 8.5 20 17 50 44
Average difference 1.4 ppm 3.0 ppm 6.0 ppm
Average recovery, % 86 85 88

@ Results obtained from standard addition method. > Resuilts corrected for original silicon content present in the sample.

secting the absorbance axis was extrapolated to zero absorbance
to obtain the concentration of silicon in the 25-ml unknown solu-
tion and then the parts per million of silicon in the streptomycin
was calculated (Fig. 1).

Determination of Silicon with Fusing—A 5.0-g sample of strep-
tomycin sulfate was weighed accurately into a platinum crucible
and then carefully ashed over a burner until all carbon was re-
moved. One gram of sodium bicarbonate was added to the car-
bon-free sample and heated on a hot plate for approximately 10
min; then the sample was heated over a Meker burner until a
clear or slightly turbid melt was obtained. The sample was cooled
and 11.5 ml of 1 N H2SO4 was added slowly with stirring. The
sample was then heated for approximately 10 min on a hot plate.
The sulfuric acid solution was transferred quantitatively from the
crucible to a 25-ml volumetric flask and diluted to volume with
distilled water. Five-milliliter aliquots of streptomycin solution
were added to three 10-ml volumetric flasks. To two of the volu-
metric flasks were added 1 and 2 ml of a 20 ug/ml standard sodi-
um silicate solution, respectively. The contents of all three flasks
were then diluted to volume with distilled water. The absorbance
readings and the concentrations of silicon were obtained as de-
scribed under Determination of Silicon, except the atomic ab-
sorption spectrophotometer was set at zero absorbance with a
water solution that contained the same amount of sodium bicar-
bonate and sulfuric acid as the unknown solution.

RESULTS AND DISCUSSION

Table I indicates the accuracy of the method and gives the av-
erage percentage recovery and average difference for silicon added
as sodium silicate to 12 different streptomycin samples which
originally contained different amounts of silicon. The values of
“silicon found, ppm” were obtained as follows. The unknown ab-
sorbance was subtracted from the absorbance of the correspond-
ing spiked samples; these absorbance difference values were used
to obtain the corresponding concentrations of silicon from a cali-
bration curve prepared from water solutions of sodium silicate; fi-
nally the parts per million of silicon found was calculated. The
average percentage recovery was low in all cases, and the average
difference between the “added” and “found” silicon showed a
proportional increase with increasing amounts of silicon. These

Table II-—Precision of Absorbance Values®

2pg _4ug 10 ng
Silicon/ml  Silicon/ml  Silicon/ml
Added Added Added
Average 0.004 0.008 0.020
absorbance
Standard 0.000 0.001 0.002
deviation

@ Absorbance values corrected for original silicon content present in
samples.

effects are most likely due to the complex composition of strepto-
mycin resulting in both chemical and physical interferences in
the nitrous oxide-acetylene flame. To minimize these interferen-
ces, the standard addition method was used. Since the unknown
and standards were submitted to the same experimental condi-
tions, the same proportional decrease in absorbance was mani-
fested in both, so proportional errors were eliminated.

Table II gives the average absorbance and standard deviation
corresponding to the samples in Table I. Slight composition vari-
ation of the different samples was not considered important. The
results indicate that as the concentration of silicon increases, the
absorbance values become less reliable. Because of the poorer re-
liability at high silicon concentrations, it was decided to use only
two standard additions per determination.

The precision of the method (Table III) was obtained from rep-
licate determinations on five different samples of streptomycin. If
the results from Sample 14 are omitted, an average reproducibili-
ty of £2.2 ppm silicon can be expected. The poorest precision for
Sample 14, which contained about twice as much silicon as the
other samples, was probably due to incomplete dissociation of sil-
icon compounds in the nitrous oxide-acetylene flame. The results
in Table I support this because, as the amount of silicon in-
creases, the difference between the added silicon and the experi-
mental silicon increases.

Since the standard addition method only minimizes propor-
tional errors, sample size was varied to detect constant errors.
The results in Table IV show that variation in sample size does
not indicate any large constant errors.

Table III—Precision of Standard Addition Method

Silicon~, Number

Average of
=+ Deter-

Sample ppm minations
8 47 + 4.3 6
12 56 + 2.8 6
13 46 + 0.97 24
14 105 + 12 6
15 52 + 0.56 6

¢ Determined at the 957} confidence level.

Table IV—Variation of Sample Size®

Sample Weight, g Silicon, ppm

11.025 52
16.797 50
22.260 52
26.043 49
31.520 48

50 + 2.2 ppm?

¢ Sample 13. b Precision determined at 95¢/, confidence level.
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Table V—Comparison of Ashed-Fused
and Untreated Samples

Table VI-—Comparison of Results with and without
Deuterium Arc Background Corrector

iilicog Number
{Ashed- Silicon Difference, ilicone o
Fused), (Untreated), ppm Silicon*, ppm Differ- Deter-
Sample Ppm ppm Silicon Sample Arc No Are ence minations
12 64 56 +8 25 58 + 3.7 63 £ 3.0 -5 6
16 51 46 +5 26 80 + 2.4 86 + 2.4 —6 6
17 60 53 +7
i g gé gé —+1g ¢ Precision determined at the 95% confidence level.
20 27 36 -9 be omitted. No attempt was made to identify the source of this
21 30 41 -11 error, but ions such as calcium, iron, and sodium can enhance the
22 36 45 -9 response of silicon (5). These ions are present at trace levels in
33 41 44 -3 streptomyein.
4 51 61 —-10 To determine the limit of detection, it was necessary to have
Average —-2.7

Because silicon can exist in many forms such as silicates, solu-
ble silica, and colloidal silica (3), the silicon content was deter-
mined in both ashed-alkaline fused samples and untreated sam-
ples to decide if total silicon was determined by the proposed
standard addition method. The resuits (Table V) show a random
distribution of difference values, indicating that indeterminate
errors are present. Because the proposed standard addition meth-
od has an average reproducibility of £2.2 ppm silicon, the inde-
terminate errors most likely result from the ashing and fusing
steps. Application of the statistical ¢ test at the 95% confidence
level indicated that there was no significant difference between
the results from ashed-fused samples and untreated samples.
Thus, total silicon was determined in streptomycin by the pro-
posed standard addition method.

Because the standard addition method does not eliminate
background absorption such as molecular absorption and absorp-
tion due to the solvents or salts aspirated into the flame (4), a
deuterium arc background corrector was used to see if effects of
this type were present. Aqueous silicon standards gave identical
readings with and without background absorption. The results in
Table VI indicate that without using the deuterium arc back-
ground corrector the results for streptomycin samples were biased
high by approximately 6 ppm silicon. Consequently, to obtain
more accurate results, a deuterium arc corrector should be used.
However, the error introduced was not large and, depending on
the accuracy needed, the use of the deuterium arc corrector could

silicon-free samples of streptomycin. Because such samples were
not readily available, the limit of detection was calculated as the
concentration of silicon that would give an absorbance of 0.002.
Since a sample with 50 ppm silicon would have an absorbance of
0.020, a sample with 5 ppm would give an absorbance of 0.002.
Thus, the limit of detection is near 5 ppm silicon.
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New Method for Quantitative Determination of

D-Dopa in Levodopa Samples®

A. VIDI, C. FRANCO, and G. BONARDI

Abstract O A simple method for the determination of p-dopa pres-
ent in levodopa samples is reported. The method is based on the
property of the L-amino acid oxidase to convert quantitatively le-
vodopa to 3,4-dihydroxyphenylpyruvic acid while p-dopa remains
unchanged. The latter is assayed fluorometrically, and contami-

nant amounts of D-dopa present in levodopa samples can be de-
tected.

Keyphrases O Levodopa—quantitative determination of p-dopa
contaminant O p-Dopa—quantitative determination in levodopa
samples O Fluorometry-—analysis, D-dopa in levodopa samples

The analytical assay of the purity of levodopa
preparations, used in the treatment of Parkinson’s
disease, allows the detection of the D-enantiomer
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which may cause undesirable side effects (1, 2).
Previous work (3) suggested a method for deter-
mining minimal amounts of p-dopa present in levo-





