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Tab.1 The shape and specific surface ratios of different carriers
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Fig.1 Variations of water temperature (WT), SD and Chl. a concentrations in the overlying water
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Fig.2 Variations of NH, -N and NO; -N of the bottom water in the experimental enclosures

Bars indicate SD, Letters indicate the differences between groups within same sampling date. Means not sharing a common letter are

significantly different (P < 0.05). Non-labeled columns mean no difference at the significance level of P >0.05
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Fig.3 Variations of COD of the bottom water

in the experimental enclosures

Bars indicate SD, Letters indicate the differences between groups

within same sampling date. Means not sharing a common letter

are significantly different (P < 0. 05). Non-labeled columns

mean no difference at the significance level of P >0.05
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Fig.4 Variations of TOC concentrations and G values in sediments
Bars indicate SD, Letters indicate the differences between groups within same sampling date. Means not sharing a common letter are
significantly different (P < 0.05). Non-labeled columns mean no difference at the significance level of P >0.05
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Fig.5 Variations of the amounts of heterophic bacteria anti-sulfuration bacteria in sediments

Bars indicate SD, Letters indicate the differences between groups within same sampling date. Means not sharing a common letter are

significantly different (P < 0.05). Non-labeled columns mean no difference at the significance level of P >0.05
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Bioremediation of polluted aquaculture sediment by immobilized
microorganisms: an in situ enclosure study

ZHENG Zhong-ming" , LU Kai-hong', CAI Hui-feng’,
WAN Yang-cai’, JIN Chun-hua', NING Xiu-ren*
(1. Key Laboratory of Applied Marine Biotechnology, Ministry of Education, Ningbo University, Ningbo 315211, China;
2. Service Station of Fisheries Technology in Yinzhou District, Ningbo 315100, China;
3. Institute of Ocean and Fisheries of Ningbo, Ningbo 315110, China;
4 . The Second Institute of Oceanography of State Oceanic Administration, Hangzhou 310012, China)

Abstract ; Bioremediation of polluted aquaculture sediment by immobilized and free microorganisms ( FR-
M) was studied in pond enclosures by measuring multiple water qualities of overlying water, total organic
carbon (TOC) of sediment, value of bioremediation of sediment ( G-value), heterotrophic bacteria and
anti-sulfuration bacteria. Immobilized microorganisms included microorganisms immobilized by fibrous net
active carbon ( FC-M) , biological active carbon ( BC-M) , zeolite (ZE-M) or diatomite ( DI-M). The
results were as follows; immobilized microorganisms indirectly impacted water qualities of overlying water
in experimental enclosures. Concentrations of nitrate of overlying water in ZE-M, DI-M and FC-M were
significantly higher than those in control enclosures during final experimental period( P <0.05). Chemical
oxygen demands (COD) of overlying water in BC-M and ZE-M were significantly lower than those in FR-
M and Control ( P <0. 05), indicating that immobilized microorganisms effectively remediated polluted
materials in bottom water in experimental enclosures; FC-M, DI-M and ZE-M degraded sediment organic
material more effectively compared to FR-M and Control. Effects of immobilized microorganisms on
bioremediation value of sediment ( G-value) were apparent. G-values in BE-M, DI-M and ZE-M were
significantly higher than those in FR-M and Control ( P < 0. 05), which suggested that immobilized
microorganisms accelerated bioremediation of polluted sediment in experimental enclosures. Immobilized
microorganisms did not significantly affect the amount of heterotrophic bacteria( P >0.05) , which probably
could be explained by the reasons that many other factors influenced the community of microorganisms.
Immobilized microorganisms changed the amount of anti-sulfuration bacteria significantly ( P < 0. 05).
Immobilized microorganisms (in particular in ZE-M and BC-M) more effectively reduced the amount of
anti-sulfuration bacteria compared to Control and FR-M. All these results obtained in the present study
showed that immobilized microorganisms could improve bioremediation of polluted aquaculture sediment
significantly with best results in ZE-M and BC-M.

Key words ; immobilized microorganism; free microorganism; bioremediation; pond aquaculture; polluted
sediment





