
2014/9/5

1

A 6 A 6 -- YEARYEAR PILOTPILOT STUDYSTUDY OFOF

THETHE BIOLOGICALBIOLOGICAL FILTRATIONFILTRATION
FORFOR LOWLOW--COSTCOST ARSENICARSENIC
REMOVALREMOVALREMOVALREMOVAL

Y. Y. FujikawaFujikawa (Kyoto Univ., Japan) (Kyoto Univ., Japan) 
M. M. SugaharaSugahara, T. , T. HamasakiHamasaki, D. , D. YonedaYoneda, , 
A. Minami, Y. Sugimoto & H. Iwasaki A. Minami, Y. Sugimoto & H. Iwasaki 
(Osaka Sangyo Univ., Japan)(Osaka Sangyo Univ., Japan)
K. Takada (K. Takada (MukohMukoh City Office, Japan) City Office, Japan) 
S. S. TaniTani (Toyo (Toyo RosuikiRosuiki, Japan), Japan)

InitialInitial During During 
acclimationacclimation

Acclimation Acclimation 
completedcompleted

BackwashBackwash

PPRINCIPLERINCIPLE OFOF THETHE BIOLOGICALBIOLOGICAL ELIMINATIONELIMINATION OFOF
ARSENICARSENIC FROMFROM GROUNDWATERGROUNDWATER

ＧｒｏｕｎｄｗａｔｅｒＧｒｏｕｎｄｗａｔｅｒ

Biogenic Biogenic 
Fe oxidesFe oxides

Sand Sand 
etc.etc.

IronIron
bacteriabacteria

PPRINCIPLERINCIPLE OFOF THETHE BIOLOGICALBIOLOGICAL ELIMINATIONELIMINATION OFOF ARSENICARSENIC

FROMFROM GROUNDWATERGROUNDWATER

Small biological Small biological 
column reactorcolumn reactor

Filter 

Big column reactorBig column reactor

Groundwater Groundwater 
with Fe and  with Fe and  
AsAs

50mmΦ

media

300mmΦ

SH
タイプライターテキスト

SH
タイプライターテキスト
© 2014 Yoko Fujikawa. All Rights Reserved.　

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト

SH
タイプライターテキスト



2014/9/5

2

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

PPURPOSEURPOSE OFOF THETHE SSTUDYTUDY

Determine the optimal Determine the optimal 
operating conditions of the operating conditions of the 
biological filtration system biological filtration system 

t  hi  t  hi  to achieve to achieve 
the most efficient removal of the most efficient removal of 
arsenitearsenite (As3) & arsenate (As5)(As3) & arsenate (As5)

TTHEHE PPILOTILOT UUNITNIT (K(KYOTOYOTO, , JJPP))
SubstanceSubstance Conc.Conc.

FeFe 2.0 mg/L2.0 mg/L

MnMn 0.6 mg/L0.6 mg/L

NHNH44--NN 0.6 mg/L0.6 mg/L

AsAs 29 29 μgμg/L/L

As(3)/As(3)/AsAs 4848±±18%18%

GGROUNDWATERROUNDWATER

Si  30 40 /L
OOPERATINGPERATING VARIABLESVARIABLES

Filter mediaFilter media

LV (m/h or m/day)LV (m/h or m/day)

AerationAeration

Backwash intervalBackwash interval

Feed water storageFeed water storage

Filter bed heightFilter bed height

Si: 30 - 40 mg/L
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AANALYTICALNALYTICAL MMETHODSETHODS

Total As conc.: Total As conc.: Hydride generation AASHydride generation AAS
As(3) in water:  As(3) in water:  Anodic stripping Anodic stripping 

voltammetryvoltammetry
Fe, Fe, MnMn conc. : conc. : ICPICP--AESAES
FeFe2+2+: : colorimetrycolorimetryFeFe2+2+: : colorimetrycolorimetry
NH4NH4--N: N: Distillation + Distillation + colorimetrycolorimetry
DO, pH, EC, ORP: DO, pH, EC, ORP: electrochemical electrochemical 

testerstesters
 As, Fe and As, Fe and MnMn speciation in solid phase: speciation in solid phase: 

XX--ray absorption spectroscopy (XANES ray absorption spectroscopy (XANES 
and EXAFS)and EXAFS)

TTHEHE EFFECTEFFECT OFOF OPERATINGOPERATING VARIABLESVARIABLES

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

1.5m1.5m

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

44 86%86% 89%89% 00ｄｄ 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

AASS(3) > A(3) > ASS(5) (5) REMOVALREMOVAL ININ
PILOTPILOT TESTTEST
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IINVESTIGATIONNVESTIGATION OFOF AASS(3) (3) REMOVALREMOVAL

MECHANISMSMECHANISMS

Artificial 
groundwater + 
arsenite (As(3)) 

Biogenic iron 
oxide

(Fe 31%, Mn2%)

S i  S i  

Valence 
state of 
sorbed

Aarsenite (As(3)) Sorption testSorption test
0.50.5ｈｒｈｒ

Biogenic Biogenic 
oxide that oxide that 

sorbedsorbed As(3)As(3)

Filtration

XX--ray ray 
spectroscopic spectroscopic 
analysis analysis 

As

Liquid Liquid 
phasephase

Analysis of Analysis of 
total As & As(3) total As & As(3) 
concentrationsconcentrations

AASS(3) R(3) REMOVALEMOVAL MMECHANISMSECHANISMS::
XX--RAYRAY ABSORPTIONABSORPTION SSPECTROSCOPYPECTROSCOPY SSTUDYTUDY

As(III) in groundwater was adsorbed as As(III) in groundwater was adsorbed as 
AsAs(III) as it was (III) as it was and then gradually oxidized and then gradually oxidized 
to As(V) by microbial activityto As(V) by microbial activity
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time after the solid 
–liquid separation 

XANES spectra of As sorbed on 
biogenic iron oxides 

SSUMMARYUMMARY OFOF THETHE 66--YEARYEAR-- PPILOTILOT SSTUDYTUDY

1.1. The simultaneous removal of The simultaneous removal of Fe, Fe, MnMn, As and , As and 
NHNH44

++ by biological system was possible at LV by biological system was possible at LV 
600 m/day600 m/day. . 高高LV LV 同時除去同時除去

2.2. Both arsenate and Both arsenate and arsenitearsenite can be removed can be removed 
without without preoxidationpreoxidation. . As3 As5As3 As5同時除去同時除去

3.3. Feeding of fresh water that contains iron Feeding of fresh water that contains iron 
oxidizing bacteria and Feoxidizing bacteria and Fe2+2+ to the filter and to the filter and oxidizing bacteria and Feoxidizing bacteria and Fe to the filter and to the filter and 
periodical backwash are necessary to periodical backwash are necessary to 
maintain the system. maintain the system. 22価鉄含有原水・定期逆洗価鉄含有原水・定期逆洗

4.4. The  biological system did not need the The  biological system did not need the 
exchange of filter media.exchange of filter media.不要濾過材交換不要濾過材交換

5.5. Filter bed height and LV did not affect As Filter bed height and LV did not affect As 
removal much.removal much. 濾材高・濾材高・LVLV 除去率影響僅少除去率影響僅少

6.6. No treatment chemicals neededNo treatment chemicals needed 無薬注無薬注
7.7. Usable  as centralized as well as  deUsable  as centralized as well as  de--

centralized systemcentralized system 集中・分散型水処理集中・分散型水処理
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