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Emission Levels of Hydrogen Sulfide (H2S) and Carbonyl
Sulfide (COS) from Various Artifacts Excavated from a
Marine Underwater Archaeological Site

KIGAWA Rika™, IZUMITA Ayako™, SHIMADA Megumi™ *,
WATANABE Hiroki®, YASUKI Yumi™ **, SATO Yoshinori™*,
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It is well known that gases of sulfur compounds such as hydrogen sulfide (H2S) and
carbonyl sulfide (COS) can cause corrosion on metals, especially on silver and copper. We
investigated the emission levels of gaseous sulfur compounds, HsS and COS, from various stone
and wooden artifacts excavated from a marine underwater archaeological site, which could
cause a special kind of corrosion known as “black spots” on copper objects.

Bronze objects from a marine archaeological site at Takashima, Japan, after conservation
treatments, were exhibited in an air-tight showcase together with other archaeological
artifacts from the same site. After several years of exhibition, corrosion with a very distinct
shape (black spots) was found on the bronze artifacts. As it was reported that black spots
were generated by the presence of sulfur minerals and gaseous sulfur compounds such as HsS,
we suspected that sulfur compounds had been emitted from other underwater artifacts in the
same exhibition case.

In order to investigate the emission levels of HoS and COS from the artifacts, each artifact
was inserted into a plastic Tedlar® bag of either 10 or 30 liters and sealed while retaining some
room air. The temperatures were 22-24C or 20-29C depending on the environment. After
placing the artifacts in the Tedlar® bags for 53 to 144 days, air samples were collected into
another new plastic bag and concentrations of HoS and COS were measured using gas
chromatography. The values were compared with samples of control air (air inside bags
without objects, and room air).

The HsS and COS concentrations (ppb) in the sampled air from the bag containing the
cannon ball were 0.46 and 8.6, respectively, after 70 days. These values were clearly higher
than those in the control air sample — 0.078 and 0.68.

Stone artifacts showed higher values than the control air. Wooden artifacts also had
markedly higher values. A wooden artifact showed values of less than 52 and 300 (ppb) after
62 days, compared to the values for the control air taken from the storage area, which were less
than 0.13 and 1.2. The highest values were observed in a thick wooden panel with big iron
nails — 230 and 6000 — after 62 days. Almost all parts of the iron nails were identified as iron
sulfide. The high content of iron sulfide could be the cause of the extremely high
concentrations of gaseous sulfur compounds. The values for the thin wooden objects with
lacquer paint were 0.21 and 8.6 after 53 days.

The results have shown us that we should have a clear rule for exhibitions. Metal objects
should not be exhibited together with stone and wooden porous marine archaeological
artifacts, which can emit high concentrations of gaseous sulfur compounds.

*Kyushu National Museum

**Tokyo National Research Institute for Cultural Properties
** *Matsuura City Board of Education

* % % *Nara National Research Institute for Cultural Properties



