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(a) 4# (bacteria); (b) H# (archaea)
2 PCRY 14168 rRNASER J BBl e
LK B8
Fig. 2 Photo of agarose gel electrophoresis of 16S
rRNA gene segment after PCR ( polymerase chain
reaction ) enlargement
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Fig. 3 SEM micrograph of representative morphologies of outer rust layer of steel immersed in seawater for 1 year
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G: a-FeOOH; L: y-FeOOH; F:Fes0,( OH) * nH,0; M: v-Fe,0;
G: goethite; L: lepidocrocite; F: ferrihydrite; M: maghemite
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Fig. 4 XRD spectrum of outer layer of steel immersed in
natural seawater for 1 year
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(‘a ) Downy globular cluster; ( b ) Magnification of globular cluster; (¢ ) Sheety rust; ( d ) Magnification of part of sheety rust; ( e ) Clubbed or spindle

poles observed on the inner surface of outer rust layer with EDS spectrum of selected area; ( ) Closer view of clubbed or spindle poles
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Fig. 5 SEM micrographs of middle rust layer of steel immersed in seawater for 1 year
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G: a-FeOOH( goethite ); L:vy-FeOOH ( lepidocrocite )

K6 i)z 85)2 BXRDE
Fig. 6 XRD spectrum of middle rust layer for steel
immersed in natural seawater for 1 year
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(a) NEEIESUARCR ARG/ s (b) ANIIERIRIES
(‘a ) Morphology of inner rust layer with EDS spectrum of selected area;

(b ) Closer view of hexagonal platelets
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Fig. 7 SEM micrographs of inner rust layer of steel

immersed in seawater
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Formation of Rust Layer Influenced by Microorganisms
on Steel Immersed in Seawater and Its Environmental Effect

DUAN Ji-zhou, ZHANG Xiao-jun
( Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, Shandong, China )

Abstract: The characteristics of rust layer on steel immersed in seawater and related anaerobic microbial community
were investigated. Sulfate-reducing bacteria and iron-reducing bacteria were found in the rust layer by microbial
enrichment and molecular biological analysis. The characteristics of rust layer minerals were studied and analyzed by
SEM, XRD and EDS. In the outer and middle rust layers, the iron oxides ( including o, B, v-FeOOH ) were found,
and the green rust was mainly found in the inner rust layer. The formation and transformation of rust layer minerals
under the influence of anaerobic bacteria was discussed on the basis of experimental observation. It is also suggested
that microorganisms and related rust layer minerals on steel possibly play an important role in marine microbial
remediation.

Key words: microbiologically influenced mineralization; microbial corrosion; sulfate-reducing bacteria; iron-reducing

bacteria; iron oxide; green rust



