Journal of Analytical Chemistry, Vol. 56, No. 10, 2001, pp. 929–933. Translated from Zhurnal Analiticheskoi Khimii, Vol. 56, No. 10, 2001, pp. 1062–1066.
Original Russian Text Copyright © 2001 by Azarova, Gorshkov, Grachev, Korzhova, Smagunova.

ARTICLES

Determination of Elemental Sulfur in Bottom Sediments
Using High-Performance Liquid Chromatography
I. N. Azarova*, A. G. Gorshkov*, M. A. Grachev*, E. N. Korzhova**, and A. N. Smagunova**
* Institute of Limnology, Siberian Division, Russian Academy of Sciences, ul. Ulan-Batorskaya 3, Irkutsk, 664033 Russia
** Irkutsk State University, ul. Karla Marksa 1, Irkutsk, 664003 Russia
Received August 25, 2000; in final form, December 15, 2000

Abstract—A procedure for determining elemental sulfur in bottom sediments by microcolumn reversed-phase
high-performance liquid chromatography was developed. The analytical range was 4–1200 µg/g (in terms of
the dry weight of a sediment). The procedure is based on the direct injection of acetone extracts of sediments
into a chromatographic column. The detection limit was 5 ng/peak (signal-to-noise ratio of 3 : 1); the relative
standard deviation was 5.6%. Errors introduced at particular stages of analysis and the total errors were evaluated for different sampling techniques. The results of determining elemental sulfur in the core samples of bottom sediments from Lake Baikal are presented.

Bottom sediments from bodies of water are complex, naturally occurring test materials, which carry
valuable information on biogeochemical processes and
climatic changes. A number of chemical elements and
compounds, among which sulfur occupies an important
place, are used for characterizing the state of bottom
sediments and the mechanisms and conditions of their
accumulation. Because of its unique chemical properties, sulfur occurs in both maximally reduced (S2–) and
maximally oxidized [S(VI)] states in bottom sediments.
Therefore, it can serve as a sensitive indicator of the
physicochemical conditions of their formation and
diagenesis [1, 2].
The speciation analysis of current marine sediments
[3], which determines all of the major sulfur species
(sulfate, elemental, sulfide, pyrite, and organic sulfur),
is labor intensive and has a number of disadvantages.
Thus, additional S0 can appear in the sample in the
course of analysis because of the treatment of the sediment with hydrochloric acid in the determination of
sulfides. To avoid such errors, it was recommended to
determine elemental sulfur from a separate sample after
the extraction from the sediment using acetone. Next,
2–
sulfur was converted into convenient species ( SO 4 ,
2–

SCN–, S2 O 3 , or S2–) for the determination by gravimetry, titrimetry, or photometry.
Sulfur dissolved in organic solvents can be determined by chromatography [4–15]. Gas–liquid chromatography with traditional detection techniques or in
combination with mass spectrometry was applied to the
determination of sulfur in petroleum products, water
[5], coal, fuel-combustion products [6], and environmental samples [7]. However, in the case of gas–liquid
chromatography, along with the main peak of elemental
sulfur S8, additional peaks assigned to sulfur molecules

with different numbers of atoms, which were formed on
transforming S8 into a vapor state, were detected in
chromatograms [5]. Liquid chromatography, which can
detect sulfur cycles with different numbers of atoms in
a “native” form, is free from the above disadvantage [8,
9]. High-performance liquid chromatography (HPLC)
was first applied to a study of the decomposition of sulfur-containing organic compounds in an aqueous
medium [4]. Subsequently, it was developed for the
determination of S0 in plant spores [10], photosynthetic
bacteria [13], soil [14], and marine sediments [13, 15].
In the analysis of bottom sediments, sulfur was
extracted with chloroform or cyclohexane. Next, the
extract or derivatization product (triphenylphosphine
sulfide) was chromatographed on a reversed-phase
(RP) sorbent using methanol or a water–methanol mixture as an eluant.
Preliminary data on the analysis of bottom sediment
cores from the region of Lake Baikal suggest that elemental sulfur (S0) is a very promising element for interpreting the signals of paleoenvironmental records. A
rapid and sensitive procedure for the determination of
elemental sulfur should be developed for performing
systematic studies in this direction.
In this work, we applied microcolumn RP HPLC
with multiple-wavelength UV detection to solve this
problem. This technique is characterized by high sensitivity and the possibility to perform separation in a
short time with a specified selectivity. Sulfur was
extracted from bottom sediments with acetone. In the
extraction with acetone, water contained in the sample
does not interfere with the extraction of sulfur; thus,
wet sediments can also be analyzed. Untreated extracts
were injected directly into a chromatographic column;
thus, the stage of sample preparation was significantly
simplified.
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