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ޤAbstractޣ  

Reportedly the properties of sludge have been changed by installing iron ion releasers (also known as Ǜ  

Balls) in the bottom layer in the estuary of a river to supply ferrous iron ion into seawater. This study 

compared the time course between a tank with Ǜ  Balls in sludge and a tank with sludge only. The 

emergent eubacteria were analyzed. As a result, in Tank A (sludge only), bacterial clones closely related to 

Holophaga were detected at a high frequency (number of clones = 5, homology = 82.3–86.3%), and in Tank 

B (with Ǜ  Balls in sludge), bacterial clones closely related to Chthoniobacter (number of clones = 9, 

homology = 83.6–88.0%), and Candidatus Magnetobacterium (number of clones = 6, homology = 

88.0–89.6%) were detected at high frequency. 
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Σ� +PVTQFWEVKQP�

Sludge is soft mud that is present at the bottom of 

bodies of water such as slow rivers, canals, ports, 

and harbors. It contains specified hazardous 

substances, affects the human body via fishery 

products, contains much organic matter to release 

toxic gases, degrades the habitat of fish and 

shellfish, causes the emergence of fish with 

abnormal odor, and inhibits the function of ports by 

excessive accumulation1). To avoid such harmful 

effects, sediment improvement testing such as 

disseminating lime2), cover sand3), oyster shell4), or 

clay5), and oxygen supply6), and the removal of 

sludge by dredging7) have been conducted.  

  Reportedly the properties of sludge have been 

changed by installing iron ion releasers in the 

bottom layer in the estuary of a river to supply 

ferrous iron ion into seawater. The iron ion 

releasers are also known as Ǜ  Balls invented by 

Mikio Sugimoto in Ube-city, Yamaguchi prefecture, 

west Japan8). 

 However, the level and the mechanism of the 

change in sludge properties by iron ion releasers 

remain unknown. This study compared the time 

course between a tank with Ǜ  Balls in sludge and 

a tank with sludge only. The emergent eubacteria 

were analyzed.  

Τ� /CVGTKCNU�CPF�OGVJQFU�

In two 60-cm tanks A and B installed from April 10, 

2009 to September 16, 2010, 7000 g of sludge was 

collected from the bottom layer in mouth of Eno 

river. Eno river flows in Nagato city, Yamaguchi 

prefecture (Figure 1), 47 L of dechlorinated tap 

water, and 8-10cm long large-flowered waterweeds, 

10 g in total, collected from upstream of the same 

river, were added.  

 

 Three Ǜ  Balls were added only to tank B. 
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which indicates the possibility that it is in the same 

genus of the closely related microorganism, was 

observed in 25 clones of 90 clones. Homology of 

not less than 99.7%, which reflects the possibility 

that it is in the same species of the closely related 

microorganism, was observed in 1 clone of 90 

clones. 

Tank B (with Ǜ  Balls in sludge) 

Nucleotide sequence information was obtained for 

96 clones of 96 clones analyzed (Table 5). 

However, 1 clone among these was from 

chloroplasts of eukaryotes. Bacterial clones closely 

related to Chthoniobacter (number of clones = 9, 

homology = 83.6–88.0%), and Candidatus 
Magnetobacterium (number of clones = 6, 

homology = 88.0–89.6%) were detected at high 

frequency. Homology of not less than 96%, which 

indicates the possibility that it is in the same genus 

of the closely related microorganism, was observed 

in 12 clones of 96 clones. Homology of not less 

than 99.7%, which indicates the possibility that it is 

in the same species of the closely related 

microorganism, was observed in 0 clone of 96 

clones. Nucleotide homology of not more than 90% 

to known microorganisms was detected in 55 

clones. 

Φ� &KUEWUUKQP�

Bacterial clones closely related to Holophaga were 

detected at high frequency (number of clones = 5, 

homology = 82.3–86.3%) in tank A with sludge 

only. Holophaga foetida are known for the genus 

Holophaga. They grow in the presence of 

trimethoxybenzoate or syringate and produce sulfur 

compounds dimethyl sulfide and methanethiol12 ). 

Both dimethyl sulfide and methanethiol produces 

foul odors even at a very low concentrations, 

thereby these are designated as specified offensive 

odor substances by the Offensive Odor Control Law 

and the Order for Enforcement of the Offensive 

Odor Control Law13) Dimethyl sulfide at a high 

concentration irritates eyes and skin, and causes 

oxygen deficiency at a very high concentration. It 

is also inflammable, causes fire/explosion hazards 

by reacting with oxidizers, and its mixture gas with 

air is explosive 13) It also is involved in the sulfur 

circulation on a global scale because it is highly 

volatile when it is generated in large quantities, and 

is presumed to affect climate change Methanethiol, 

which is produced by the decomposition of organic 

compounds in swamps and other water bodies, is 

contained in coal tar, crude oil, and natural gas in 

some regions13). 

 In tank B with sludge and Ǜ  Balls, bacterial 

clones closely related to Chthoniobacter (number 

of clones = 9, homology = 83.6–88.0%), and those 

closely related to Magnetobacterium (number of 

clones = 6, homology = 88.0–89.6%) were detected 

at a high frequency. 

 Genus Chthoniobacter belongs to phylum 

Verrucomicrobia. It is known as methane-oxidizing, 

with a function to suppress the release of methane 

g a s  f r o m  s o i l  i n t o  t h e  a i r  14) .  G e n u s 

Magnetobacterium are magnetic bacteria observed 

in freshwater and ocean soil, and is presumed to 

have magnetosomes abundant in iron in the cell. 

Their emergence is dependent on the presence or 

absence of oxidizing–reducing substances and 

sulfur-reducing organisms15),16). It also is said that 

the presence of dissolved iron is the requirement 

for their survival17). 

Magnetic bacteria under certain 

circumstances produce iron sulfide in particular. 

Their inhabitation in the area with no oxygen has 

been confirmed. They are found only rarely in 

water or soil where there is abundant oxygen. It 

was confirmed that Fe3S4, FeS2, and Fe1-xS are 

present as magnetosomes in the cell 18). Whereas 

magnetic bacteria conduct microaerobic oxygen 

respiration to obtain energy necessary for their 

growth, they also simultaneously express enzymes 

of the denitrification pathway, which is an 

anaerobic respiratory pathway 19 ). The facts 

described above suggest that Holophaga that 

produced methyl sulfide and methanethiol with foul 

odors emerged in the case of sludge only, but their 
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emergence might be suppressed by adding Ǜ  

Balls into sludge. 

       By the addition of ferrous iron ion releaser 

into sludge, eubacteria were detected, which were 

closely related to Chthoniobacter that prevented the 

release of methane gas, a greenhouse gas, as well as 

to Magnetobacterium, which cleaned up hydrogen 

sulfide sediment. 

The addition of iron ion releasers might 

change the eubacterial flora and improve the 

environment in sediment at the bottom of a river. 

Future studies should be undertaken for detailed 

examination of which component in sludge is 

affected by iron ion releasers and how the 

eubacterial flora is influenced by analyzing sludge 

components and isolating eubacteria. 
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