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Iron bacteria (Iron bacteria (IRBIRB) ) ––
gelatinous slime in gelatinous slime in 
natural water containing natural water containing 
iron iron –– Annoyance ? Annoyance ? 

Sand filtration pond in Viet NamSand filtration pond in Viet Nam

LeptothrixLeptothrix discophoradiscophora, , 
pure culture (pure culture (××1000).1000).
One of the IRBsOne of the IRBs

Iron Iron bacteria  : bacteria  : A A name for name for 
various bacterial species that various bacterial species that 
biologically oxidize dissolved Fe biologically oxidize dissolved Fe 
and/or and/or MnMn, and , and deposit Fe and deposit Fe and 
MnMn oxides.oxides.

FirmicutesM07A124-Staphylococcus epidermidis [Z26894], 98%
M07A19-Acidobacteria bacterium Ellin345 [AF498727], 90%
M07A50-Acidobacteria bacterium Ellin345 [AF498727], 92%

M07A73 (3) -Geothrix fermentans [U41563], 90%
M07A35-Geothrix fermentans [U41563], 93%
M07A103 (2)-Geothrix fermentans [U41563], 98%

M07A41-Myxobacterium KC [AF482687], 96%
M07A60 (2)-Cystobacter violaceus [AJ233905], 90%

M07A55-Geobacter sp. Ply1 [EF527233], 98%
M07A104 (4)-Pelobacter propionicus [X70954], 93%

M07A45 (2)-Geobacter argillaceus [DQ145534], 97%
M07A82 -Geobacter argillaceus [DQ145534], 97%

M07A31-Myxobacterium AT3-03 [AB246770], 98%
M07A51-Geobacter hephaestius [AY737507], 93%

M07A56-Bdellovibrio bacteriovorus [AY094129], 93%
M07A14-Actinomycetales bacterium Gsoil 1632 [AB245397], 97%

M07A59-Candidatus Microthrix calida [DQ147284], 94%
M07A126 (2)-Candidatus Microthrix calida [DQ147284], 94%

M07A128-Rhodobacteraceae bacterium D11-58 [AM403233],98%
M07A34-Rhodobacter gluconicum [AY328840], 97%

M07A100 (7)-Methylosinus trichosporium [Y18947], 100%
M07A144-Nordella oligomobilis [AF370880] 98%
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鉄還元細菌

Indigenous groundwater microbes on the filter: Indigenous groundwater microbes on the filter: 
iron oxidizing and reducing bacteria, iron oxidizing and reducing bacteria, nitrifiernitrifier, , 
manganese oxidizers, etcmanganese oxidizers, etc....

M07A142 (2)- Uncultured bacterium Ellin5294 [AY234645], 97%
M07A140 (2)-Uncultured bacterium Ellin5294 [AY234645], 96%

M07A96-Beggiatoa sp. 402 [AY583996],92%
M07A88-Legionella anisa [EF474028],95%

M07A122-Legionella sp. [X97359], 95%
M07A135-Methylococcaceae bacterium IT-4 [AB301717], 94%

M07A30-Thiobacillus prosperus [AY034139], 90%
M07A39-Methylobacter tundripaludum [AJ414655], 92%
M07A15-Methylomonas sp. [AF150792], 98%

M07A102-Methylomonas rubra [AY995198], 95%
M07A69-Methylobacter luteus [AF304195], 99%

M07A90-Methylobacter tundripaludum [AJ414655], 97%

M07A125-Gallionella ferruginea subsp. Capsiferriformans [DQ386262],98%
M07A23-Thiobacillus sp. ML2-16 [DQ145970], 98%
M07A80-Methylotenera mobila [DQ287786], 96%

M07A52-Lysobacter brunescens [AB161360], 100%
M07A148-Lysobacter brunescens [AB161360], 99%

M07A47-Rhodoferax sp. IMCC1723 [DQ664242], 100%
M07A53-Panaciterramonas fulva [AB245357],98%

M07A7 (6)-Leptothrix discophora [L33975],97%
M07A46-Leptothrix mobilis [X97071], 97%

M07A144-Nordella oligomobilis [AF370880], 98%
M07A146-Bosea thiooxidans [DQ424863], 99%

M07A72 (2)-Bradyrhizobium japonicum [Z35330], 100%
M07A71 (2)-Nitrobacter winogradskyi [L35506], 100%

M07A78-Novosphingobium subarcticum [X94104], 99%
M07A9 (2)-Novosphingobium subarcticum [X94104], 99%

M07A76 (6)-Erythrobacter flavus [EF512715], 100%
M07A70-Citromicrobium sp. CV44 [EF462461], 98%
M07A136 (8)- Aquatic bacterium R1-A1 [AB195719], 100%
M07A127-Sphingomonas ursincola [Y10677] ,98%
M07A64 (2)-Aquatic bacterium R1-A1 [AB195719], 100%
M07A130- Novosphingobium subarcticum [X94104], 98%
M07A121-Blastomonas natatoria [Y13774], 98%
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亜硝酸酸化細菌

鉄酸化細菌
硫黄酸化脱窒細菌

マンガン酸化細菌
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InitialInitial
During During 

acclimationacclimation
Acclimation Acclimation 
completedcompleted BackwashBackwash

Biological elimination of arsenic from groundwater Biological elimination of arsenic from groundwater 
using IRBs: The principle using IRBs: The principle 

GroundwaterGroundwater

Biogenic Fe Biogenic Fe 
oxidesoxides

Sand Sand 
etc.etc.

IronIron
bacteriabacteria

Small biological Small biological column column 
reactorreactor

Filter Filter 
didi

Big column reactorBig column reactor

Groundwater Groundwater 
with Fe and  with Fe and  
AsAs

50mmΦ0mmΦ

mediamedia

300mmΦ, 300mmΦ, 
LV 150 to 600 m/dayLV 150 to 600 m/day

removal operation
RunRun FeFe AsAs m/dm/d AeraAera--

tiontion
Filter Filter FilterFilter

heightheight

11 45%45% 0%0% 5d5d 150150 ×× PlasticPlastic
22 76%76% 72%72% 0d0d 150150 ×× PlasticPlastic
33 96%96% 71%71% 0d0d 150150 ○○

Feed Feed 
water water 

storagestorage
(days)(days)

1.5m1.5m

33 96%96% 71%71% 0d0d 150150 ○○
PlasticPlastic
+sand+sand

44 86%86% 89%89% 0d0d 300300 ○○

55 98%98% 76%76% 0d0d 600600 ○○

66 97%97% 50%50% 0d0d 150150 ○○
Plastic Plastic 
++zeolitezeolite

77 95%95% 74%74% 0d0d 150150 ○○ sandsand
88 97%97% 71%71% 0d0d 600600 ○○ sandsand

99 98%98% 66%66% 0d0d 600600 ○○ sandsand 1.0m1.0m
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 Primitive (rather than advanced) technologyPrimitive (rather than advanced) technology
 Usable as both decentralized and centralized  Usable as both decentralized and centralized  

system system 
 Low capital cost (small land area, simple Low capital cost (small land area, simple 

t t f th t t t l t)t t f th t t t l t)

Our pilot plant in Japan : Our pilot plant in Japan : 
max capacity 40 ton/day max capacity 40 ton/day 
at LV 600 m/dayat LV 600 m/day

The space The space 
necessary for necessary for 
biologicalbiologicalstructure of the treatment plant)structure of the treatment plant)

 Low running cost, i.e., no treatment chemicals,  Low running cost, i.e., no treatment chemicals,  
no need to exchange filter, minimum no need to exchange filter, minimum 
requirement of power (to run the groundwater requirement of power (to run the groundwater 
pump and the raw water pump)pump and the raw water pump)

Conventional coagulationConventional coagulation--filtration plant to treat filtration plant to treat 
groundwater containing As groundwater containing As 

((maxmax capacity 21,000 ton/daycapacity 21,000 ton/day) ) 

100m100m

biological biological 
treatment treatment 
(8,000 ton/day)(8,000 ton/day)

Ha Noi

Ha Nam TuTu NhienNhien, , 
Thong TinThong Tin

Vĩnh Phúc

Hà Tây

The province in Vietnam with well water arsenic 
concentration >> 10 μg/L and our pilot test site

Thong Tin Thong Tin 
districtdistrict

Đồng Tháp
Duy Tiên

Kim Kim 
BangBang

No 
treatment 
chemicals

 Filter media : brick (Run 1: 3Filter media : brick (Run 1: 3--5 mm Φ, 5 mm Φ, 
Run Run 2: 12: 1--3 mm Φ3 mm Φ））, Filter , Filter bed heightbed height：： < 1m< 1m

 LVLV：：100 100 –– 600 m/day,  Backwash: 2 times /day600 m/day,  Backwash: 2 times /day

Raw water qualityRaw water quality
Fe: 8.8 Fe: 8.8 ±±2.9 2.9 mg/Lmg/L
As : As : 5858±±8.2 8.2 μgμg/L /L ((90 % 90 % : As(3)) : As(3)) 
MnMn: 0.12: 0.12±±0.11 mg/L 0.11 mg/L 
NHNH44--N: 2.0N: 2.0±±1.0 mg/L1.0 mg/L

DO: 
1.3±0.5

mg/L
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Pilot Test Results (Run 1) in HanoiPilot Test Results (Run 1) in Hanoi
 Filter media : brick Filter media : brick ((33--5 5 mm mm ΦΦ))
 Filter Filter bed heightbed height：： < 1m, < 1m, Backwash: 2 times /dayBackwash: 2 times /day
 LVLV：：100 100 –– 600 m/day,  600 m/day,  

100 

120 

%

continuous 
feeding

intermittent
feeding  LV 400 m/day

1 hr  ON, 1 hr  ON, 
3 hr  OFF3 hr  OFF
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Fe removal
ＬＶ100 m/day

LV 600 m/day

As removal As removal 
8080±±9 %9 %

Pilot Test Results (Run 2) in HanoiPilot Test Results (Run 2) in Hanoi
 Filter media : brick Filter media : brick ((11--3 3 mm mm ΦΦ))
 Filter Filter bed heightbed height：： < 1m, < 1m, Backwash: 2 times /dayBackwash: 2 times /day
 LVLV：：200 200 –– 600 600 m/day, m/day, intermittent feeding of water intermittent feeding of water 

As removal maintained at 600 m/dayAs removal maintained at 600 m/day

As removal As removal 
8181±±6 %6 %
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Pilot test in Japan

Run1 (Vietnam)

Run 2 (Vietnam)
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 Raw water containing 8.8 Raw water containing 8.8 ±±2.9 mg/L of Fe 2.9 mg/L of Fe 
and  58and  58±±8.2 8.2 μgμg/L of As (90 % was As(3)) /L of As (90 % was As(3)) 
could be successfully treated by the could be successfully treated by the 
biological filtration in Hanoi, VN, biological filtration in Hanoi, VN, despite despite 
the shortage of electricity and intermittent the shortage of electricity and intermittent 
mode of operationmode of operation..pp

 The pilot system was fairly simple,  could be The pilot system was fairly simple,  could be 
easily maintained by Vietnamese engineers, easily maintained by Vietnamese engineers, 
and was operable without treatment  and was operable without treatment  
chemicals.chemicals.

 Fe/As mass concentration ratio >100Fe/As mass concentration ratio >100 lead to lead to 
the stable removal of As in VNthe stable removal of As in VN
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