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λη˟ȧ_˱Ə  

(1) ʲĬ˛̈_dċŪέ^d¦��φωʹĬʊdʕǖ

1)� ±¿�¿ʹĬ˛̈dΖʽŪέ˟ȧ  

� »���Âd±¿�¿ʹĬ͟ƫ|Š 4.1.1 bʲĬĹǇ_±¿�¿ʹĬĹǇ_d·ö|Š 4.1.2 bʵR:Ƈ

ί΅źʥƼbeʲĬĹǇEʴ̬NyWE9Mn ʹĬe̙vyaDZW:PDP9�¿µ¢�ǋˁ˘̻̇|Å

KaEvȬɍƲH͎ͧPW_Lz˔ 100 Ȉ_ȝΆ|̗PWE9Mn ʹĬĹǇEʴ̬^FxuAbaw9

Mn ʹĬ˛̈_ʲĬ̈dǃʕʊʕǒ˓EȷˌNyW:UdƼrˁ˘̻̇9±¿�¿̻̇|ÅKaEvƇί|

ˣˤδ˔ 2 ƩεRx_±¿�¿Ύķ͟ƫe9ƃƅʣbĔʓNyW:±¿�¿Ύķ͟ƫe�¿µ¢�ʹĬ͟

ƫ_Ʋ@·öE̙vyW:Lye9±¿�¿ʹĬ˛̈dŴɆbʲĬ˛̈dà̵țȾʊEĜʗNy9Udɞ

ǋĬbeà̵ͷEͶ̗^?xL_|ʵŔP]@x:±¿�¿ʹĬ˛̈eʲĬ˛̈dà̵ʖʊ|ĜʗP]Ŵ

ɆRxL_E^Fx_@Aâ̮|̦ȌRxL_E^FW: 

� DHS »���Âb�¿µ¢�_ Mn (II)|ŋpÜƟǫɎ|͡ˤóˡRxL_^9±¿�¿ʹĬ˛̈dŪέ

_ MnO2dʕǖbǖĦPW:WXP9ŪέE̜ƏNyxuAbaxn^beȝΆ|̗P9Mn (II)Ĕʓd�

�Â���eͥDZW:±¿�¿ʹĬ˛̈dŴɆ͟ƫeͥH9Mn ʹĬ͟ƫdŊÅbeȝΆ|̗PW:

Mn (II)dΎķ_±¿�¿ʹĬ͟ƫe9�¿µ¢�dóˡ̻̇_ɂd·öE̙vyW:PDP9�¿µ¢�

dóˡ̻̇bʜE?ZW:̻̇|αqͨGx_ÇƄĈʲĬbuwÙʲʹŲEʕǖNy9LyE Mn ʹĬ

͟ƫ|ΊƉP]@x_ǯƏNy9 dWqșŸ Mn ʹĬ͟ƫe 0.6kg Mn/m3/d ^?ZW:Ld͟ƫeʤȺd

˔ 1/2 ^?w9͟ƫ|αqxWqd͎ͧȅɖdǻŗEǆ̗^?x: 

 � �°¿�ǢìeʕǖNyW±¿�¿ʹĬʊ^̘{yβHaZ]@W:nW DHS »���ÂdÆͱbe

ɔɈʊE^Fx:ɔɈʊ|Ωǃ^̜ƏRx_¦��±¿�¿ʹĬʊdΖņìdÌb˛̈EŨry]@x

uAb̙B±¿�¿ʹĬʊ_˛̈Eċb̉ÆP]@x:LdL_e¦��±¿�¿ʹĬʊdśĺbC@]

˛̈_dĖΘ¾��Eǆ̗^?w9nW±¿�¿ʹĬ˛̈E»���ÂDv����·���P]α͟

Ĕʓ|Ίp̗ŜbaxL_|ʵŔP]@x:Nvb9ʕǖPW¦��±¿�¿ʹĬʊeƄĈbeÆͱDv

śĺ^FS9ɟĕɎb{SD^e?xEɧćP]CwƇʗĬjd̰ΨE̙BW: 

 

Š 4.1.1� ʲĬ˛̈ċƀ^d Mn(II)Ύķ͟ƫ 
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Š 4.1.2� ʲĬ͟ƫ_d·ö 

 

2)� ʕǖ¦��±¿�¿ʹĬʊd½�´�¼Ōʫ  

� ͎ͧ 360 Ȉʤuw¢��¼_�¦¼�|ɟćū̓bɨħP9ƙΎķǋ˹|̜ƏPW(Š 4.1.3):DHS ¦

��»���Â^ʕǖPW¦��±¿�¿ʹĬʊeͨʹĬɎ˘_dĹǇ^Ƣ̾d±¿�¿ʹĬʊuwrΞ

ƥbα@̟Żɞǋ|ʵP9ɋ̒ΟʽdŸF@ȷ͠^?xÕE{Dx:½�´�¼Ōʫdʋǋ|̱kxWq

bÜľǫɎb¢��¼_�¦¼�|ɨħP]͡ˤĔʓ|̏ZW:ɨħdʥƼb¢��¼_�¦¼�eƄĈ

bΎķNy¦��±¿�¿ʹĬʊbŌʫNyWL_EƏTvyx:ÃȅɟĕɎd±¿�¿eɟćuwrα

@ɽƫ^ȳĕNyx:Lye»���Âč^ΎķNyx±¿�¿dĈ]E±¿�¿ʹĬʊbŌʫNyxd

^eaH9Ãͱeʕǖ±¿�¿ʹĬʊbŌʫNy]@]Ōʫ̛Œǋdα@¢��¼s�¦¼�EɟćRx

_ŌʫP]@x±¿�¿_ÚǲRxL_buZ]±¿�¿ɟĕP]Hx_˱Bvyx:ƅƥ^dΎķ±¿

�¿bƑRx¢��¼_�¦¼�dΎķͷdɋeUyVy 109 50%^?w9ŌʫdͯǠĞb[@]ŮŎN

y]@xuAb�¦¼�dlAEăąʣbΎķNyW:DHS »���Âb±¿�¿_½�´�¼ŋțɎ|

͞ɎRxXJ^¦��±¿�¿ʹĬʊʕǖ_½�´�¼ŌʫEňȐbͅF]±¿�¿_½�´�¼dśĺ

Eŀ˹^?x: 

 

 

Š 4.1.3� ʲĬ˛̈ċŪέ»���ÂbCJx¢��¼Á�¦¼�Ύķǋ˹ 
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3)� ǃʕʊ̞ȥ˟ȧ  

͎ͧ 216ȈqbśĺPW¦��±�d 16S rRNA ͰçŽbū\H�¾Â¢¿�̞ȥ˟ȧ|̒ 4.1.1bʵR:

DHS ¦��»���Âbe�¿µ¢�ū̓doóˡNy]@xd^9 �°¿�Ǣìb÷ǥNy]@x¦�

�±�eÍbʲĬ˛̈^ȷǖNyx_ǉ{yxE 16S rRNA ͰçŽd�¾Â¢¿�buxǃʕʊ˯Ζ̞ȥ

^e�¿µ¢�ʹĬ˛̈d Nitrosomonas ƙ9ÙʲʹʹĬ˛̈e Nitrobacter ƙ_ Nitrospira ƙd�¾Â¿E

ȳĕNyxEUdģņeĈìd˔ 20γb_`nZW:Ʌw 80γd˛̈eʲĬ˛̈dà̵ʖʊbuwǺBv

y]@xL_bax:Ldà̵ʖʊˆ|ĜʗRxƾƙȪέ˛̈eŷʼŷȸ^?w9ȞĖΫŪέbƙRx�

¾Â¿rŷHȳĕNyW:±¿�¿ʹĬ˛̈b·P]e±¿�¿ʹĬ˛̈_ʭvy]@x Bacillus ƙE 1

�¾Â¿ȳĕNyWdo^?ZW:Ld Bacillus ƙd�¾Â¿doE±¿�¿ʹĬb·{Z]@x_e˱B

bHH9Ȟʭd±¿�¿ʹĬ˛̈dƀŤEʵŔNy9UyvE»���Âč^±¿�¿ʹĬ|ǢZ]@x

_ǯɬNyW: 

 

̒ 4.1.3� 16S rRNA ͰçŽbū\H˓ˢ̞ȥ˟ȧ 

 

 

4)� n_q  

ÁʲĬʹĬ˛̈_dċʕ˓^±¿�¿ʹĬ˛̈dΖʽŪέEŀ˹^?ZW: 
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Á±¿�¿Ύķ͟ƫe´�¿ɤ́͟ƫ_·öE?w9Ƞ»���Â^e 0.6 kg/m3/day bͪPW: 

ÁŪέE̜ƏNyxuAbaxn^beȝΆ|̗P9Mn (II)Ĕʓd��Â���eͥDZW: 

Á ʲĬĹǇEͣpb[y]±¿�¿Ύķ͟ƫeαHaZ]@ZWE9ʲĬ͟ƫE 0.6 kgN/m3/day áÅba

x_9pH dëÆrPHeÙʲʹΊƉbuw±¿�¿Ύķ͟ƫeëÆPW: 

Á�ȝΆd͎ͧƼ9�°¿�d±¿�¿ʹĬʊƴǖ9»���ÂÆͱbɔɈEʴ̬NyW: 

Á¦��±�| 16S rRNA bū\@W˓ˢ̞ȥ|ƇȆPW˟ȧ92 ģEʲĬ̈^Ʌwd 8 ģEʲĬ˛̈dà

̵ʖʊbuZ]ŴɆRẍ^?ZW:ȇʭd±¿�¿ʹĬ˛̈b͗˪a�¾Â¿el_}`ȳĕNyaD

ZW:LdL_DvȄʼd±¿�¿ʹĬ˛̈dƀŤEʵŔNyW: 

 

 (2) ´�¿ʹĬ˛̈_dċŪέ^d¦��φωʹĬʊdʕǖ  

1)� ±¿�¿ʹĬ˛̈dΖʽŪέ˟ȧ  

� ±¿�¿ɽƫdǯʺ|Š 4.2.1 b9±¿�¿Ύķ͟ƫ|Š 4.2.2 b9±¿�¿Ύķ͟ƫ_´�¿ɤ́͟ƫ

dǯʺ|Š 3.5 bʵR: 

 

 

Š 4.2.1� ±¿�¿ɽƫǯʺ 

 

 

Š 4.2.2� ±¿�¿Ύķ͟ƫ_´�¿ɤ́͟ƫdǯʺ 
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� «�Â� 1 ^e´�¿ɤ́EͅF]@xE±¿�¿ΎķeʡʕPaDZW:UdĶŜ|´�¿ʹĬ˛̈

dà̵ʊEƖa@Wq^?x_˱B«�Â� 2 Dv��óˡ͟ƫ| 6 ùbP9´�¿ʹĬ˛̈dNvax

Ūέ|̨oW_Lz´�¿ɤ́͟ƫe 2 ùbaw´�¿ʹĬ˛̈dŪέbǖĦPW:´�¿ɤ́͟ƫdŴ

ħbˤ@]±¿�¿dΎķEovy9´�¿ʹĬ˛̈_dċʕ˓^±¿�¿ʹĬ˛̈dŪέbǖĦPW:

´�¿ɤ́͟ƫ_±¿�¿Ύķ͟ƫbe·öE?wδŠ 4.2.3ε±¿�¿ʹĬ˛̈dΖʽŪέbe´�¿ɤ

́͟ƫEͶ̗^?xL_E{DZW: 

 

 

Š 4.2.3� ´�¿ɤ́͟ƫ_±¿�¿Ύķ͟ƫd·ö 

 

� Š 4.2.2 bCJx«�Â� 395 e´�¿óˡ|ɁqWȝΆ^?x:±¿�¿Ύķǋ˹e´�¿|Ɂq]

rʥYbǎĬRxL_eaH9`Yvd«�Â�bC@]r 2 ͢Άl`˥ǥ^FWEUdƼëÆPWδŠ

4.2.3ε:à̵ʊEa@ʔų^r±¿�¿ʹĬEͅFWL_Dv±¿�¿ʹĬ˛̈eà̵ʊXJ^aH9̈ì

|ǷĻ^Fxŀ˹ǋEʵŔNyW: 

 

 

Š 4.2.4� ´�¿ʃóˡȝΆd±¿�¿Ύķ͟ƫǯʺδƠπ«�Â� 39 Ńπ«�Â� 5ε 

 

� «�Â� 5 d´�¿|ɁqWȝΆ^±¿�¿Ύķ͟ƫEŸFHëÆPW«�Â� 6 ^e´�¿óˡ|΅

źP]r±¿�¿ΎķEśǁPaDZWδŠ 4.2.5 d1ε:Ld_F±¿�¿ɽƫe»���Âč^ 30 mg/L
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áÅ^?w9αɽƫ±¿�¿ʔųE±¿�¿ʹĬ˛̈dŪέbͭNa@L_EʵŔNyW:αɽƫ±¿�

¿ʔų^±¿�¿ʹĬEͅLva@L_e Leptothix discophora |ʗ@WƇί^ŮŎNy]@x 13):ͧ ͎ 750

ȈʤDv±¿�¿ɽƫdˋʓbəǑP]ëɽƫ±¿�¿ʔų^͎ͧ|̏ZW_LzΩ̊a±¿�¿Ύķd

śǁEovyδŠ 4.2.5 d2ε±¿�¿Ύķ͟ƫeșα^ 0.35 kg/m3/day |̣ͽPW:LdL_Dv±¿�

¿ʹĬ˛̈dŪέbeëɽƫd±¿�¿ʔųEͭRxL_EʵŔNyW: 

� Ƞ»���Âd´�¿ɤ́͟ƫeȶc 10 mmol/L/day |ǯʺPWδŠ 4.2.2ε:ƧȠve DHS »���Â

|ʗ@]´�¿ʹĬ˛̈|ΖʽŪέPW˟ȧ9´�¿ʹĬ͟ƫEșŸ^ 2.2 kgCOD/m3/day |̣ͽPW_Ů

ŎP]@x 14):Ĳê|ǲˊRx_˔ 70 mmol/L/day _aw9Ƞ̓ˮd»���Âuwr 6 ùl`´�¿|ʹ

ĬRxL_E^Fx:NvbLyn^ŮŎNyWʭ̙uw MOB dșŸɞǋ_P]9¦��«�¼³ƴǖŪ

έƇί˓^dMOB dCH4ʹĬ˹ĥe 280 g CH4/m3/day_ŮŎNy]@x:Lyvuw»���Âč^MOB

EívDdɞǋΊƉ|ļJ]@xL_eȌʬ^?ZW:nWǢìbŋnyxʊ̓dAY MOB Eșr̟yx

Ⱦæ|țP]@xrd_P]ʕʊʕǖ MnO2 EǧKvyx:Lyb[@]e±¿�¿ʹĬ˛̈EʔųÌ^

MnO2 |ʕǖRxL_^͗ýbʕǍRxū̓˄ņƾƙȪέǃʕʊbƑP]ɞǋΊƉ|ƯFͅLP˽͋b_

Z]ăêaʔų|Ĥ͠RxuAaʕƀǘʞ|ʗ@]@xL_E˱Bvyx: 

� Ƞ˓^eẠ̊^ʵPW±¿�¿ʹĬ˛̈d AOB dċŪέƇί^̜ƏNyW pH ëÆ|̞ɓRxWq´�

¿ʹĬ˛̈(MOB)|ʗ@W±¿�¿ʹĬ˛̈dċŪέ|̨oWƇί^?x:MOB e±¿�¿ʹĬ˛̈_ň

ȸbƾƙȪέ˛̈bĖΫNyxǃʕʊ^?w9Udŉʹb?x_Cw CH4 |ʹĬP]ŴɆRx:nW CH4

eɍì_P]»���ÂbóˡRxL_Eŀ˹^9ǢìͱĖ^d±¿�¿ʹĬ˛̈dțȾū̓óˡɯ|

MOB dà̵ʖʊdobƅ^Fx:Nvbe MOB dà̵E AOB _eʠaw pH bƶΡRxL_el_}

`ʃ@Wq9»���Âd͎ͧˋʓ|uwƊȍbRxrd^?x: 

 

 

Š 4.2.5� ±¿�¿Ύķ͟ƫ_»���Âč±¿�¿ɽƫd·ö 

δ0π343-577 Ȉ9 1π577-695 Ȉ9 2π754-903 Ȉε 

 

�  
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Š 4.2.6� ͎ͧ 189 Ȉʤ�°¿�dȸŽ 

 

2)� ʕǖ¦��±¿�¿ʹĬʊd½�´�¼Ōʫ  

� ʕʊƁʣ±¿�¿ʹĬʊeα@ƙŌʫ˹ĥ|ǥ[L_Eʭvy]@xE9ȠƇί^»���Âčbʕ

ǖNyW±¿�¿ʹĬʊE½�´�¼^?x¢��¼Á�¦¼�|ŌʫRxdD|̱ȩPW:UdWq«

�Â� 7 Dv¢��¼Á�¦¼�| 10 mg/L dɽƫ^ɨħPW:Š 4.2.7 b¢��¼Á�¦¼�dΎķ͟ƫ

|ʵR: 

� ɨħ΅źȐDv¢��¼Á�¦¼�dΎķEͅF9»���ÂčbʕǖNyW±¿�¿ʹĬʊdα@½

�´�¼Ōʫǋ˹EʵNyW:ȐΆd˞ͨ__rbΎķǋ˹eëÆPW:LyeóˡNyx¢��¼Á�

¦¼�bƑP]»���Âč^ȄWbʕǖNyx±¿�¿ʹĬʊdͷEwņZ]@a@Dv^?x:¢

��¼Á�¦¼�dɨħ΅źDv±¿�¿Ύķ͟ƫeÆEZ]@xWq»���Âdƅƥʣa½�´�¼

Ύķǋ˹|̱ȩRxL_e^FaDZW:ʕʊƁʣ±¿�¿ʹĬʊ^e¢��¼uwr�¦¼�bƑP]

Ōʫ̛ŒǋEα@L_Eʭvy]@xE9LdƇί^rÃ̿P]�¦¼�dȅEŌʫNy]@xL_E{

DZW: 

 

 
Š 4.2.7 ¢��¼Á�¦¼�Ύķ͟ƫdǯʺ

 

3)� ǃʕʊ̞ȥ˟ȧ  

� ͎ͧ 189Ȉʤd¦��±�bƑP]˛̈d 16S rRNAͰçŽͲĘbū\@W�¾Â¿̞ȥ|̏ZW˟ȧ|

̒ 4.2.1 bʵR:�¾Â¢¿�̞ȥd˟ȧ913  60 «~�¾��bĖΫNyx˛̈ʼEȳĕNyW:´

�¿óˡ|Ɂq] 30 Ȉʻƫ˞ͨP]@WE9Methylocaldum ƙCuh Methylosystis ƙbĖΫNyx´�¿

ʹĬ˛̈EUyVy 1 �¾Â¿Cuh 10 �¾Â¿ȳĕNyW:ÞbȳĕΧƫdαDZW�¼Â_P]e9
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Hyphomicrobiaceae ʷ (9 �¾Â¿)9Bacteroidetes č PHOS-HE21 �¼Â (8 �¾Â¿)9MRC17 �¼Â

 (6 �¾Â¿) a`EovyW:ȇʭd±¿�¿ʹĬ˛̈b͗˪a�¾Â¿eȳĕNy]CvS9Ƞ»�

��Âč^±¿�¿ʹĬb·ÈP]@x˛̈ʼ|ʋƅRxL_e^FaDZW:LdL_DvȠ»���

Âč^Ȅʼd±¿�¿ʹĬ˛̈E±¿�¿ʹĬb·ÈP]@xŀ˹ǋEʵŔNyW: 

 

̒ 4.2.1� 16S rRNA ͰçŽbū\Hǃʕʊ̞ȥ˟ȧ 

 

 

Š 4.2.8� DAPI Ȩ̄˟ȧ 
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� ͎ͧ 189 ȈʤdɔɈʊbƑP] DAPI Ȩ̄|̏ZW:Š 4.2.8 ^eɎ̄bȨ̄NyWrdE˛̈^?w9

β̄drde±¿�¿ʹĬʊ_ǉ{yx:LdʛĂDv±¿�¿ʹĬʊ_ǃʕʊeƌǮbƀŤP]@xL

_E{DZW:Ýśdʯʾ^e DHS »���ÂdÆͱb±¿�¿ʹĬʊE˽ʄbŭʽRxL_|ȝƻP]

@xE9LdʛĂDve±¿�¿ʹĬʊXJ^aH±¿�¿ʹĬ˛̈|ŋp˛̈rċbġΘÁ̉ÆP]@

xL_EȌvDbaZW:LdWq9±¿�¿ʹĬʊ|śĺPW@ůņeÊ˲|ĖΘRx¾��|΅ʡ

Rxǆ̗E?x_˱Bvyx: 

 

 

4)� n_q  

Á´�¿ʹĬ˛̈_dċʕ˓^r±¿�¿ʹĬ˛̈dΖʽŪέEŀ˹^?ZW: 

ÁDHS »���Â|ʗ@]´�¿ʹĬ˛̈_dċŪέbux±¿�¿ʹĬ˛̈dΖʽŪέbǖĦPW:ʲ

Ĭ̈^e pH dëÆa`bəǑ|Ǜ{cfava@E9́ �¿ʹĬ˛̈|ʗ@xL_^Ɗȍb±¿�¿ʹĬ

˛̈dΖʽŪέE^Fx: 

Á±¿�¿Ύķ͟ƫe´�¿ɤ́͟ƫ_·öE?w9Ƞ»���Â^e 0.35 kg/m3/day bͪPW: 

Á±¿�¿ʹĬ˛̈e´�¿ʹĬ˛̈dà̵ʊXJ^aḦì|ǷĻ^Fxŀ˹ǋEʵŔNyW: 

Á±¿�¿ʹĬ˛̈eαɽƫ±¿�¿ʔų^eŴɆ^Fa@rPHeǎHaxL_9Ūέbeëɽƫ±¿

�¿ʔųEͭRxL_EʵŔNyW: 

Á¦��±�| 16S rRNA bū\@W˓ˢ̞ȥ|ƇȆPW˟ȧ9´�¿ʹĬ˛̈eȳĕNyWrdd9ȇʭ

d±¿�¿ʹĬ˛̈b͗˪a�¾Â¿eȳĕNyaDZW:nW9ŷʼŷȸa˛̈EȳĕNyW:LdL

_DvȄʼd±¿�¿ʹĬ˛̈dƀŤEʵŔNyW: 

 

 

(3) ɞǋɐɘ|ŕÃdū̓_PW±¿�¿ʹĬ˛̈dΖʽŪέ  

4εƇί˟ȧ  

 � Š 4.3.1 b Mn(II)ɽƫ9Mn ɟć̻̇•Ύķ͟ƫ9ʹ˘Ύķ͟ƫ|ʵR:»���Âeșę95 mgMn/L9 

HRT12 ȐΆ^΅źPWE9Mn(II)ΎķEʴ̬NyaDZWWq946 ȈʤbʲĬ˛̈ċʕ˓|ĜʗPW Mn

ʹĬ¦��»���Âd¦��±�|ďȲʼPW:Ud˟ȧ9Mn ʹĬĹǇEʴ̬NyxuAbaw9±¿

�¿ʹĬ˛̈dŪέbǖĦPW:UL^9«�Â� 2 Dv«�Â� 4 n^ƽ;b HRT |ʮ˫P9Mn(II)

dóˡ̻̇|αqW:Ud˟ȧ 153 Ȉʤbe±¿�¿Ύķ͟ƫe 0.01 kg/m3/day bͪPW:PDPaEv9 

UdƼ Mn Ύķ͟ƫeëÆPWWqțȾʊóˡEǆ̗^?x_ĚȃP9ͭȐɞǋɐɘ|ɨħPW:Ud˟

ȧ9Mn Ύķ͟ƫe«�Â� 3 be 0.044 kg/m3/day9«�Â� 4 be 163 g/m3/day bͪPW:«�Â� 4

áΌ9Mn óˡ̻̇|ÅKxWqb9ɟćd Mn(II)ɽƫ|ÅKWE Mn Ύķ͟ƫeëÆPW:Lye Mn(II)

��¿E±¿�¿ʹĬ˛̈bƑP]Ɋǋ|țRxWq^?x_˱Bvyx:Phaes 59697 ^rňȸbɞǋ

ɐɘ|ɨħP9UdƼ Mn ΎķdªÂ�E̒y9UdƼΎķ͟ƫEëÆRxĀŊE˭w͘NyW:Ldȝ

ΆdșŸ Mn Ύķ͟ƫe 0.36 g/m3/day ^?ZW:LduAaΆȿʣaɞǋɐɘóˡ|˭w͘PaEv9ɟ

ć Mn ̻̇|ͨĢbÅKW«�Â� 8 ^e Mn Ύķ͟ƫ 1.69 kg/m3/day |ͪǖPW:Ra{Y9Mn ʹĬ˛

̈eɲ̞ǋțȾǋū̓^aH]r9šƴǋdɞǋɐɘ9˛̈dɄΰ|ĜʗRxL_E^F9ū̓_P]ʖ

ȴƬȰʊdɞǋɐɘ|ʗ@]±¿�¿ʹĬ˛̈eΖʽŪέ^F9PDr Mn(II)Ύķ͟ƫeȇƀdċŪέb

uxȅɖuwrǿùαH9Ƞʯʾ^ʤȺ_P]@xǋ˹|͆BxǖȧEƿvyW: 
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� Mn Ύķ͟ƫeʤȺú^?ZW 1 kg/m3/day |ŸƦb͇Bx9Lyn^bŮŎNy]@a@ʛȝʣa±¿

�¿dĔʓ͟ƫ^?x:UdƼ9±¿�¿Ύķ͟ƫEëÆPWWqɐɘ|͛ħ^ɨħPWǙ9±¿�¿Ĕ

ʓ͟ƫe?xʻƫ˥ǥNyWE9Mn ʹĬ͟ƫEȊ@WqD»���Âdȸ;aˉǙb±¿�¿ʹĬʊEƴ

ǖNyx�º¬¼EΧˬbͅLxuAbaw9˟ȧ_P]Ĕʓ˹ĥeëÆPW:ƃƅPW±¿�¿Ĕʓǋ

˹|ʴ÷RxWq9±¿�¿ʹĬʊE˵ŸĬPWƼdśĺɖ|ȳ̢Rxǆ̗E?x: 

� ʹ˘dɤ́ͷr Mn Ύķ͟ƫdŴħbè@ŴB]@ZW:ʹ˘ɤ́ͷeʋbɞǋɐɘɨħʥƼbŴħR

xĀŊEƿvyW:ŪέȝΆÌbe»���ÂÆͱbŸͷd Mn ʹĬʊEɔɈ9śĺNyW:˝ǖ|̱ȩ

PW˟ȧ9Ͷͷɋ^ɔɈʊÑʇͶͷd 67%| Mn EĴq]@W: 

 

2)� ǃʕʊ̞ȥ˟ȧ  

� 657 ȈʤbǬĻNyW¦��±�bƑP]ɀÉà�Â�¿�Â|ʗ@W 16S rRNA ͰçŽ̞ȥ|̏ZW˟

ȧ|̒ 4.3.1 bʵR:͎ͧ»���ÂÌd¦��±�beȸ;aǃʕʊ˯ΖEƀŤP]@W:ʋb±¿�¿

ʹĬ˛̈_P]ʭvy]@x Hyphomicrobium ĸh Pedomicrobium rȳĕNy]CwȠ»���Â^±¿

�¿ʹĬ|ǢZ]@Wțĥaǃʕʊ˯dÃ[^?x_˱Bvyx:PDPaEvUyVy 2%9 0.8%_ƀ

Ťģņeë@˟ȧ_aZW:șrȳĕNyWde9�¼«~¾��¦��»�d unclassified bƙRx

Rhodospirillaseae ^?ZWEȇƹdŮŎ^±¿�¿ʹĬ�¼ÂeŮŎNy]@a@:±¿�¿ʹĬ˛̈b

r±¿�¿ʹĬ˹ĥdα@�¼Â_ë@�¼ÂEƀŤP]Cw9 Pedomicrobium sp. ACM3067 _@Z

W±¿�¿ʹĬ˛̈e MCO |țP]Cwα͟±¿�¿ΎķEͪǖĕȣxÕEŮŎNy]@x 22)9 23):±¿

�¿ʹĬbĜʗNy]@x_ǯɬNy]@x�Â§Â��� |˛˸Ŷ^ņǖRx˛̈˯el_}`ƀŤ

P]@a@_˱Bvy]@W:PDPaEv͗Ʃdʯʾ^eȸ;aʼCuhʔųȢã^�Â§Â��� 

|ʕǖP]@xÕEʵNy]@x 24):Ƞ»���Â^eΖʽŪέNy]@x�¼Âe@aDZW_˱B

vyxE9Ÿͷb MCO rPHe�Â§Â��� |ņǖRxƖǿ˒ͼdǃʕʊ�¼ÂE±¿�¿ʹĬ|

ǢZ]@W_˱Bvyx: 

 

3) n_q  

Á ɞǋɐɘ|ū̓_P]óˡRxÕ^±¿�¿ʹĬ˛̈dΖʽŪέEŀ˹^?ZW: 

Á�±¿�¿Ύķ͟ƫe 1.69 kg/m3/day ^ƇʗĬdʤȺú^?ZW 1.0 kg/m3/day bͪPW: 

Á���Â���b 200 ȈáÅDDw9 UdƼ 1.0 kg/m3/day |͆Bxn^ 2 ƩáÅDDZW: 
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Š 4.3.1 ɐɘū̓»���ÂbCJx Mn(II)ɽƫ9 Mn ɟć̻̇•Ύķ͟ƫ9 ʹ˘Ύķ͟ƫ 
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̒ 4.3.1 ɀÉà�Â�¿�Â|ʗ@W 16S rRNA ͰçŽ̞ȥ 
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(4) ±¿�¿ʹĬʊdŹɍǋǃʕʊjdɞǋΊƉƇί  

1)� ±¿�¿ʹĬʊE´�¿ʹĬ˛̈bÈBxƶΡ̱ȩd˟ȧ  

Š 4.4.1 b´�¿ɽƫdɬƅ˟ȧ|ʵR:Mn ʹĬʊ|ɨħPaDZW˓e 8 ȐΆ^´�¿ElmaHa

Z]@x:Mn ʹĬʊ| 0.5g ɨħPW˓^e{SDb´�¿ʹĬɞǋEëÆPW:±¿�¿ʹĬʊE 2 g á

ÅɨħNyW˓e@SyrlmňQ´�¿ɽƫdǯʺ|ʵPW:Ld˟ȧDv±¿�¿ʹĬʊE´�¿ʹ

Ĭ˛̈bΊƉ|ÈBxL_EȌvDbaZW:Š 4.4.2 e Mn ʹĬʊdɽƫbux´�¿ʹĬɞǋdŵĬ|

ʵPWrd^?x:Ld�º«Dve Mn ʹĬʊɽƫEŴB]r´�¿ʹĬɞǋe 60%áÆbeava@

L_E{Dx:´�¿ʹĬ˛̈_dċŪέ»���Â͎ͧ^eȝΆ͎ͧRx_ Mn ʹĬʊE�°¿�b

̌ʽNy9Mn ʹĬʊɽƫeαHaZ]@x_˱BvyxE9´�¿ɤ́͟ƫelmÃƅdú|ʵPW:L

d˟ȧe Mn ʹĬʊɽƫEŴB]r´�¿ʹĬɞǋeÃƅáÅǎHava@_@A¦��Ƈίd˟ȧ_Ã

˿Rx:LdWq´�¿ʹĬ˛̈ċŪέ»���Â^e Mn ʹĬʊdΊƉdƶΡbuw´�¿ʹĬEƅƥ

bͪP]@W_˱Bvyx: 

 

 

Š 4.4.1� ´�¿ɽƫɬƅ˟ȧ 

 

 
Š 4.4.2 ´�¿ʹĬɞǋbƑRx Mn ʹĬʊɽƫdƶΡ 
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2)� ±¿�¿ʹĬʊEƾƙȪέ˛̈bÈBxƶΡ̱ȩd˟ȧ  

� MnO2ɽƫ| 09109509100 g/L _P] 4 ˓Ę^dśĘ̇ί| 36 ȐΆŪέbuw̏ZW:ȠƇί˓^e

MnO2 ɨħͷbuxțȾʊĖ̞˹ĥbơʠE̬qvyW(Š 4.4.3):MnO2 ɽƫEŴħRxb[yțȾʊĖ̞

ͷeɪƖPW:Lyuwαɽƫ MnO2ʔųÆ^ǃʕʊɞǋEëÆRxL_EʵNyW:PDPaEv9˹ ĥ

bơe̬qvyxÃȅ^Ĉ˓Ę^dțȾʊɤ́E̜ƏNyW:ęȝ COD ɽƫE̤ƅú^?x 300 mgCOD/L

uwrα@ú|ʵPWĶŜ_P]e9ή˿Ūέ^ɨħPWțȾū̓dǥ͖buxrd^?x_ĚȃPW:

nW9ȠƇί˓^e MnO2ɨħ˓(z˖ƒć)_Ξɨħ˓^ɞǋɐɘdŪέP9ɨħPWțȾū̓ɤ́ͷd̜

Ə|̏ZW(Š 4.4.4):Ud˟ȧ9Ê˓_rbțȾʊdɤ́e̜ƏNyW:ħB]9UdțȾʊɤ́˹ĥe

ˆPDZW:LyDv MnO2buxǃʕʊdțȾʊɤ́ͷdëÆeŪťÌdū̓d MnO2jdŌʫïʗbͅ

ŜRxǆΤȪέ˘dÇ͈bèArd^eaHívDdʥǮʣaïʗ^?xL_EȌvDbaZW: 

� ɞǋɐɘdɔΌǋ|ˏȟ MnO2ɨħ˓_Ξɨħ˓^ɋ͏PW˟ȧ9MnO2ɨħ˓(100 g L-1)^Ξƥbα@ɔ

ΌǋE̜ƏNyW(Š 4.4.5):̧õbΔP 10 ĖʻƫÊ˓dɔΌǋ|̜ƏPWE9ƄĈɧņʌǒDv 30 ʸʻ

ƫ^ɨħ˓d«º��čečͱʊ̓dɔΌE̜ƏNyWNvbUd̪˛aǧĪ_P] MnO2 _ɞǋɐɘE

«¾��ʌdrdEƴǖNyɔΌP]@xL_E̜ƏNyW(Š 4.4.5):Lyuw9MnO2_ʕʊšìP@]

eǃʕʊ˛˸_d̛ŒǋEΞƥbα@L_rʵŔNyW: 

� Lyvd˟ȧuw9Mn ʹĬ˛̈E Mn(II)|ʹĬRxʓʙeȌvDbaZ]@a@E9¦��Ƈίd˟ȧ

Dv Mn ʹĬ˛̈b_Z] Mn ʹĬʊ|ņǖRxL_e´»��bax_˱Bvyx:[nw9Mn ʹĬ˛

̈e Mn ʹĬʊ|ʕǖRxL_buwū̓˄ÔRxÞdƾƙȪέ˛̈|ΊƉP9˽vEțĜbʕƀ^Fx

_˱Bvyx:Ldâ̮͞w^?xavf Mn ʹĬ˛̈˽͋E±¿�¿ʹĬʊbΊƉNya@DΊƉdƶ

Ρ|ļJbH@ǆ̗E?x: 

� nW9ċŪέ»���ÂdƇί^e Mn ʹĬ˛̈dŪέbC@]ëɽƫ Mn ʔųEͭP]@xL_EʵŔ

NyW:Mn |ʹĬRxL__9ʕǖNyW Mn ʹĬʊE Mn ��¿|ŌʫRxL_buwŏşd Mn ��

¿ɽƫ|ÆKxWq9±¿�¿ʹĬ˛̈eǘʞʣb±¿�¿ʹĬʊ|ʕǖP]@xŀ˹ǋr˱Bvyx: 

 

 

 

 
Š 4.4.3� ƾƙȪέ˛̈ΊƉƇί˟ȧ 
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Š 4.4.4 Mn ʹĬʊΞǮ̟˓Ƈί˟ȧ 

 

 

 
Š 4.4.5� Mn ʹĬʊɨħbuxɞǋɐɘēΖɔɈ 
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3) n_q  

Á ´�¿ʹĬ˛̈dΊƉb±¿�¿ʹĬʊE·{Z]@xL_EȌvDbaZW: 

Á�±¿�¿ʹĬʊe´�¿ʹĬ˛̈XJ^aHŷʼŷȸaǃʕʊbƑP]ΊƉdƶΡ|ÈBxL_EȌ

vDbaZW: 

Á�±¿�¿ʹĬ˛̈E±¿�¿ʹĬRxʓʙ_P]9Þdū̓˄ņRxƾƙȪέ˛̈|ΊƉP]țĜaʔ

ų|ïxWq^?xŀ˹ǋE˱Bvyx: 

 

 

(5) ±¿�¿ʹĬ˛̈dĖΘÁŪέ  

1)� Ūέȅɖdȳ̢  

� šƴŪť˝ǖ_P] Agar _»¿ʹ¦�«~Â (»¿(P)ɽƫ: 0.02 mM)|ñʗPWŪέuw9Ūťǋ˹d

ȳ̦|΅źPW:PDPaEv9MnO2½Â�^dƃƅʣa�¾¢Âdʏƿbe˾vaDZW:Nvbë

pH ʔų|˾ͭ_P]ŴɆRxʩ̈(�©)bux�¿�²£Â�¸¿EʕQxa`9ʏƿPW�¾¢Âdʕ

ǒ|ȳ̦EÇŀ˹aʌǒ_aZW(Š 4.5.1):Agar _»¿ʹ¦�«~Â|ðʗRxůņū̓dƃƅǋEëÆ

Rx_dŮŎr?w 25)9Agar Dv GellunGum9»¿ʹ¦�«~ÂDv HEPES ¦�«~Âj_ū̓dŵȗ

|̏ZW: 

 

 
Š 4.5.1�  MnO2½Â�jd�©dɧć 

 

b� Ūέĩʑ̱ȩ  

� GellunGum |ʗ@xÕ^ƃƅʣa�¾¢ÂdʏƿEŀ˹_aZW:24 ȐΆŪέ^ MnO2½Â�avh

b Blank ½Â�Ê˓Dv�¾¢ÂdʏƿEŀ˹^?w9ňȐbʡʒ�¾¢ÂEÞdʡʒ�¾¢ÂdͶņ

Pa@Ȳʼ̈ìɽƫ|ɓƅPW:Lye¬º��´¿¬½¿Å^d DAPI Ȩ̄|ȆPW�¼��¿��¿�

buw9 ǬĻPWɞǋɐɘdęȝ̈ìǿ|̡ÅPW:ǬĻɞǋɐɘÌdęȝ̈ìǿe˧Q]ƨŦ 1.0*109 



3K133004-46 
 

cell mL-1^?ZW:Ņʼ̈ìɽƫʔų^Ūέ|Ê˓^̏@UdĀŊ|̜ƏPW˟ȧbū\@]9½Â�Å

^ʡʒPW�¾¢ÂEͶņPa@̈ìɽƫe 2.0*107 cell per plate _ɓƅPW: 

 

Š 4.5.2� 24 ȐΆƼdɞǋɐɘ½Â�Ūέ(Ơ:¬º¿�½Â�9 Ń: MnO2½Â�) 

 

� LyuwŪέ|̏@9ȠƇί˓^ñʗRxŪť^ŴɆPW�¾¢Âǿ|Ūέ 20 ȐΆ^̡ÅPW:MnO2

½Â�ĸh Blank ½Â�eUyVy 20 ȦS[äǑdǃʕʊͷ^ȲʼP9Ūέ|̏ZW:MnO2½Â

�^ʡʒPW�¾¢Âǿe MnO2Ξŋț½Â�bɋkĨxŪέĩʑ^?ZW: 

� MnO2 ½Â�DvʡʒPW�¾¢ÂǿE 30 �¾¢Â_axuAbȲ̈ɽƫ|ŵȗPW MnO2 ½Â�

|ŪέPW˟ȧ924 ød�¾¢Â|ʏƿPW:LybƑP]9Mn(II)ɨħ/ΞɨħPW K-medium |ÈBW

ɥìŪťÌ^Ūέ|̏ZW:24 ȐΆŪέd˟ȧ Mn(II)ʹĬĹǇEʕQ MnO2EʡʒPW�¾¢Âe 2/24 �

¾¢Â^?ZW(Š 4.5.3): 

 

 
Š 4.5.3� LBB Ȩ̄bux±¿�¿ʹĬ˛̈dȳĕ 
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� ƿvyW˟ȧuwɞǋɐɘÌd�¾¢Â|ƴǖRx˛̈˯dAY˔ 98%E MnO2 bƑP]˳ǋ|ǥZ]

CvS9ȗbUd˳ǋ|țRx˛̈˯dAYCuU 8%E±¿�¿ʹĬ˹ĥ|țRx˟ȧ_aZW(Š 4.5.4):

uZ]9ɞǋɐɘÌbƀŤRx�¾¢Â|ƴǖRxǃʕʊ˯ΖdAY±¿�¿ʹĬ˹ĥ|țRxʼe 0.2γ

do^?xÕEʵNyW:Lyeȇƹdʭ̙^?xțȾʊE̹ƍbƀŤRxʔų^±¿�¿ʹĬ˛̈Eă

ĴĬĕȣSl_}`ƀŤPa@˟ȧ_Ã˿Rx. 

� MnO2 ½Â�^dŪέeŪέū̓sUd˝ǖE�¾¢ÂdʡʒbŸFHƶΡ|CumRL_EȌvD

baZW:šƴŪť˝ǖb GellumGum avhb HEPES ¦�«~Â|ñʗRxL_^uwƊȍb�¾¢Â

dʏƿEŀ˹_aZW:Lye K-medium |ñʗPWȠŪť˝ǖ^dŪέ^e Agar uw GellumGum ŪέE

uwͭP]@xWq^?x_˱BW:ƇΔd MnO2αŋț»���Â^dŪέe9ǢìÌbC@]ǃʕʊΆ

dʦ×ïʗˆEʕQxL_E˱Bvy9MnO2buxǃʕʊɞǋΊƉEʴƇbʕQ]@xʔų_eȃƅ^F

a@:Ãȅ9MnO2½Â�Å^dŪέeȲʼNyWǃʕʊe 1˛˸M_bΒΘNyWʌǒ^dŪέ_ax:

UdWq9ǃʕʊdåʪˆ|˱ǓPa@ůņ9MnO2buxƾƙȪέ˛̈ɞǋjdΊƉïʗdƶΡ|uwʥ

ǮʣbļJxL_EǯƏ^Fx:uZ]9MnO2½Â�Å^ʡʒPW�¾¢ÂeƄĈa±¿�¿˳ǋ̈^

?x_̠ĸ^Fx:áÅDv9ÝƼ MnO2½Â�uwʏƿPW±¿�¿˳ǋ̈_˱Bvyxǃʕʊd˓ˢ

Ɓʣ̞ȥˆ|̏AL_^9±¿�¿˳ǋ̈d MnO2˳ǋȾȷ|ȌvDbRxL_Eŀ˹^?x_˱Bx: 

 

 

Š 4.5.4 ɞǋɐɘÌbƀŤRx±¿�¿˳ǋ̈_±¿�¿ʹĬ˛̈d°ª·½Â�¸¿��� 

 

 

5)� n_q  

ÁMnO2½Â�Ūέ^eŪť˝ǖ_P]9šĬǖĖb GellumGum9 pH ˩̑ɥb HEPS ¦�«~Â|ñʗ

RxL_^ƃƅʣbɞǋɐɘ|Ȳʼɯ_PW�¾¢ÂdʏƿEŀ˹^?xL_EȌvDbaZW: 

ÁɞǋɐɘÌd˔ 90%E MnO2Ξ˳ǋ̈^Ʌwd 10%E MnO2˳ǋ̈^?ZW:ȗbUd˔ 1 ģE Mn ʹĬ

˹ĥ|țRxÕEʵŔNyW 

Á�MnO2½Â�Å^ƾƙȪέ˛̈ɞǋΊƉËìbïʗP]@xL_EȌvDbaZW: 

Á�±¿�¿ʹĬ˛̈dŪέ_±¿�¿ʹĬd��Â���eΞƥbͥDZWE9͎ͧd΅źȐb MnO2

|űƣP]CJf9ƾƙȪέ˛̈˯|ǫΎRxÕ^��Â���EȊnxL_EÓɬNyx:�  
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(6) DHS »���Â|ʗ@W MnO2dțʃbux Mn(II)ʹĬd��Â���ɋ͏  

1)� »���ÂŪέ˟ȧ  

� ȠƇί^e˔ 80 ȈΆ»���Âd͎ͧ|̏ZW(Š 4.6.1):nWĠ^̜ƏNyW pH ëÆb_raA»

���Âǋ˹dʱ˦|ΉIWq9ŪťïǖȐbɨħRx pH ¦�«~ÂavhbǃͷȪέ˘ɽ˫ɥ|ʮȝΆ

^dïwȘB|̏ZW:Lyvɽ˫ɥdȗȄeŪťǋ˹bCŸFHƶΡPAxWq9ʮȝΆ^dƅȝʣa

ȗȄ|̏ZW:RUN 1>3 eŪέȝΆÌÃ̿P]țȾʊΎķE̜ƏNyW: 

� RUN 1 e͎ͧ΅źDv Mn(II)dΔ˂ZWΎķe̜ƏNyaDZW:1 mgMn(II)/L ʻƫdΎķe͎ͧ΅ź

28 Ȉn^̜ƏNy]@xE9LdȝΆbCJx Mn(II)dɤ́e»���Âčd�°¿�ǢìËhbʕʊ˻

jdŌʫNvbe Mn(II)ɬƅḓơˆ|˱ǓRx_ʕʊʣa Mn(II)ʹĬbèA Mn(II)Ύķ_eȃƅ^Fa

@:LyeΎķ͟ƫE˞ȐʣbÃƅ^?xL_DvrǯƏ^Fx:͎ͧ΅ź 30 ȈáΌDv˞Ȑʣa Mn(II)

dΎķ͟ƫdŴħEʴ̬NyźqW:Lye»���Âč^ǃͷaEvr±¿�¿ʹĬ˛̈dŴɆPWL

_bèArd_˱Bx:_@Ade9RUN 1 bCJx�°¿�Ǣì 20 ødAYÅͱ 192 ød̄Eɞǋɐ

ɘȲʼʥƼd̆̄DvssβŐEDZW̆̄j_ŵĬPWL_DvrįĖǯƏNyx(MnO2 d̄eβ):P

DPaEv942 ȈáΌDvΎķ͟ƫE 0.013 mgMn(II) m-3 d-1ʻƫDvΎķ͟ƫdŴħE̙vySÃƅú|

ʵRuAbaZW:Lye�°¿�ǢìÌbŋnyx±¿�¿ʹĬ˛̈_ÞdƾƙȪέ˛̈_dū̓˄ņ

d·öbuw9LyáÅd±¿�¿ʹĬ˛̈dŴɆP@]e Mn(II)Ύķǋ˹dŊÅeNvaxŪέȝΆ|

̗Rxrd_˱Bvyx: 

� RUN 2 ^e͎ͧ΅źʥƼuwʕʊʣ Mn(II)ΎķE̜ƏNyW:͎ͧ΅ź 12 ȈDv RUN 2 bC@]óˡ

Mn(II)ɽƫ|ŴħNTW(5→ 10 mgMn(II)/L):Ud˟ȧ9͎ͧ΅ź 35 ȈdŪέ^ 0.2 kgMn(II)/m3/d d Mn(II)

Ύķǋ˹E̜ƏNyW:ULDv˔ 2 ͢Άʻƫdˣˤʣa Mn(II)ΎķEʴ̬NyW:Lye9űƣPW MnO2

bux Mn(II)dŌʫ^ea@L_eẠ̊ḅPWŌʫĔʓDvrȌʬ^?w9ʕʊʣa Mn(II)Ύķ^?x:

ʕʊʣa Mn(II)Ύķ¾��d̕ņǃʕʊ˓(ɞǋɐɘ)Dv˔ 2 ͢Ά^ʴ˂NTWŮŎeLyn^aH9Ƞ

ʯʾƈ^ͨķb̏ZWrd_ɋ͏Rx_ 200 Ȉʻƫʮ˫ĬRxL_bǖĦPW: 

� Ūέ 60Ȉn^ŪέǢìjdMnO2EűƣNyWʌǒ^9Mn(II)Ξóˡ͎ͧEaNy]FWRUN 3bMn(II)

óˡ|̏ZW(Ūέ 60 Ȉ):˟ ȧ_P]óˡʥƼDv9Mn(II)ΎķE̜ƏNyW:ňȐb Mn(II)óˡ̻̇|Ŵ

ħNTx_9RUN 3 jd Mn(II)óˡ΅źCuU 10 Ȉʻƫ^ RUN 2 ^ʴ̬NyWșŸ Mn(II)Ύķ͟ƫ^?

x 0.2 kgMn(II)/m3/d |ͪǖPW: 

� â̮͞wMnO2űƣavhbë̻̇^dțȾū̓9 Mn(II)|óˡPWŪέ˓Ę^ʮȝΆ^dʕʊʣMn(II)

Ύķ»���Âd˂YÅKbǖĦPW:ȠƇί˓^ʴ̬NyWșŸ Mn(II)Ύķ͟ƫe 0.35 kgMn(II) m-3 d-1

^?ZW:Lye´�¿ċŪέ˓^ 600 ȈΆdŪέ^ƿvyWșŸΎķ͟ƫ_ňȸd˹ĥ^?ZWE9Ū

έȝΆbox_Ƞ˓^ʏƿPWǋ˹eʦƳͷd Mn(II)Ύķǋ˹^?x_̧õPW:LdʮȝΆ^d Mn(II)

Ύķǋ˹dʏƿeʮȝΆ^d Mn(II)ʹĬǃʕʊdΖʽŪέbǖĦPW_̠ĸ^Fx:țȾū̓avhb

Mn(II)óˡP]@Wbr·{vS MnO2 dΞűƣ˓^eŪέȝΆÌÃ̿P] Mn(II)ΎķeʡʒPaDZW:

ʔųǃʕʊ˯(ɞǋɐɘ)Dvd±¿�¿ʹĬ˛̈ΖʽŪέE 200 ȈáÅdŪέ^r˂YÅEvaDZW˟

ȧ_ňȸ^?ZW:Lye˽ʄʔųÆbCJx Mn(II)ʹĬǃʕʊdū̓˄ņ˹ĥEÏP@L_|ʵŔP]

Cw MnO2 |αɽƫ^űƣPWʔų^ŪέRxL_^9˽ʄʔųÌ^eū̓d˄ņ˹ĥbÏP@_ Mn(II)

ʹĬ˹|țRxǃʕʊE9MnO2bux˄ņƾƙȪέ˛̈dɞǋΊƉb_ra@ăĴĬPW_˱BW: 
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Š 4.6.1� ±¿�¿ʹĬ͟ƫĸh¦��±�śĺ°�¿� 

 

2) ΚɍɚĪbuxǃʕʊ̞ȥ˟ȧ

� ʏƿPWŪέ�¿¼Dv DNA |ǡĕP9̓ ;dº�±Â|ʗ@] PCR b] DNA |ŴƦNTʏƿP

W PCR ˒̔ʖʊbƑP]ΚɍɚĪƇί|̏ZW(Š 4.6.2):Ĉ˛̈Ƒ̺º�±Â^?x 341F-805R |ñʗ

P]ΚɍɚĪ|̏ZW˟ȧ9ǙƅdŲūǿ^¦¿ EʡʒPW:ĈĿ˛̈Ƒ̺º�±Âarc109F-915R |

ʗ@W˟ȧ9¦¿ eʡʒPaDZW:ħB]Ĉʩ̈Ƒ̺º�±Â2 ʼΫ(EF4-EF3 & EF4-fung5)|ʗ@W

ůņ9Rk]d�¿¼Dv¦¿ EʡʒPW: 

� Ņ ´�¿UyVybƑǇPW DNA º�±Âbux PCR avhbΚɍɚĪƇίd˟ȧ9Ƞ»���

Â^ŪέNyWǃʕʊ˯Ζeʩɂ˛̈(Bacteria)_ʩ̈(Fungi)bĖΫNyxǃʕʊ˯buZ]ȷǖNy]@

xL_EʵNyW:PDPaEv9ȠŪέ˓^ñʗPWū̓e Bacteria bux͂ĬEŀ˹aū̓_P]ʭ

vyxŪť|ñʗPWWq9Ld°ª·½Â�¸¿_P]eʩ̈dăĴĬe˱BbH@_ǯƏPW: 

 

Š 4.6.2� (A)ʩɂ˛̈9 (B)Ŀ˛̈9 (C)ʩ̈bʋʠʣaº�±Â|ʗ@WΚɍɚĪ˟ȧ 

(1:RUN 19 2:RUN 29 3:RUN 3.19 4:RUN 3.29 L:Ladder) 
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3)� ɀÉà�Â�¿�Âbuxǃʕʊ̞ȥ˟ȧ  

� Illumina MiSeq buxǃʕʊ˯Ζ̞ȥd˟ȧ|áÆbʵR(Š 4.6.3):Rk]d˓Ę^ŷȸʣaǃʕʊ˯Ζ

dŪέEaNy]FWL_eȌʬ^?ZW:½®¼^dǃʕʊ�²·¢��dɋ͏|̏A_9MnO2űƣ

buw Firmicutes bƙRxǃʕʊ˯dģņEɪƖP]@W:ƙ½®¼^e9Mn(II)ʹĬȄ{yW»��

�Â˓Ę^±¿�¿ʹĬ˛̈ĖΘŪέòdŷ@ Psuedomonas ƙdăĴĬEʴ̬NyW: 

� Ņ�¿¼d»Â ǿe R1 : 23394709R2 : 23098869R3.1 : 22795489R3.2 : 2259128 ^?ZW:Ly

uwƿvyWŲūͲĘb QUIME |ʗ@W˯Ζ̞ȥ|̏Ab?Ww9�¿����ͲĘbôxŅ»Â �Â

�dȳì̶ěavhb�Â�d Cleanup EȆNyW:UdƼǡĕNyW»Â b[@] QUIME d OTU ʕ

ǖ¾�º³|ʗ@]9similarity threshold(PF@ú) 97 %dȢã^ĖΫP9OTU EʕǖNyW:NvbŅ

OTU uwà̒ͲĘ|ǡĕP9Ly|�¿��_P] QUIME d�¤�Â�¸¿¾�º³(�«�¼�̤

ƅ)|ʗ@]916SrDNA �Â�®Â�b[@] similarity 90 %áÅdȢãb]ʦňǋȳ˙|̏@Ņ OTU b]

ŅΑƚ(Kingdom / Phylum / Class / Order / Family / Genus / Species)d Taxonomy ǏŮ|ĻƿPW:16SrDNA �

Â�®Â�e9QUIME Resources ���uw��¿¾Â NyW Greengenes �Â�®Â�dͲĘǏŮCu

hĖΫǏŮñʗPW: 

� ǃʕʊ˯Ζ̞ȥd˟ȧuw9�´º|Ύ@W OTU ˯^�Â�d˒ȩ|̏ZW:Ĉ OTU ǿavhbŅ OTU

^ȳĕNyW»Â ǿˆdūȠǏŮ|áÆd̒ 4.6.1 bn_q]̣͐PW:ȳĕ OTU dAY9»Â ��

¿�ǿE 1 doXZW OTU ǿeRk]d˓Ę^ 50 %ʻƫĴq]@W:LybƑǇP]9°ª·½Â�¸

¿dŅ˓Ę%E 0.1 %|ÆśxrdEĈ OTU d 90 %|ÅśZ]@W:Ạ̊uw9ȠƇί^ŪέNyWǃʕ

ʊ˯Ζbŷȸʣ^?xL_EȌvD^?x: 

 

 

 
Š 4.6.3� Illumina MiSeq buxǃʕʊ˯Ζ̞ȥ˟ȧ 
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̒ 4.6.1�  ŅȢãbCJx»Â ǿĸh OTU ǿ 

 R1 R2 R3.1 R3.2 total 

Read total 81539 74926 77692 74240 308397 

Total OTU number 2784 2179 2769 2473 7052 

Average (read / OTU) 29 34 28 30 43 

Average % 0.035 0.045 0.036 0.040 0.014 

count = 1 1296 1068 1431 1145 3607 

count > ave 305 239 273 278 633 

count < ave 2479 1940 2496 2195 6419 

% > 0.1 % 160 142 143 158 ― 

% <0.1 % 2624 1940 2496 2195 ― 

% > 0.01 % 603 511 539 617 ― 

% < 0.01 % 2181 1668 2230 1856 ― 

Read total:� »Â NyW��¿�ú 

Total OTU number:� OTU ņ̡ú 

Average (read / OTU):� 1 OTU ?Wwd»Â ǿ 

Average %:� Ĉ»Â ǿbƑRx Average dģņ 

count = 1:� 1 XJ»Â NyW OTU ǿ 

count > ave:� Average(%)d»Â ǿuwŸF@»Â |��¿�PW OTU ǿ 

count < ave:� ��¿�NyW OTU dAY Average(%)uwrƕN@ OTU ǿ 

% > 0.1:� ��¿�NyW OTU dAYĈ»Â ǿbƑRxģņE 0.1 |Åśx OTU ǿ 

% < 0.1:� ��¿�NyW OTU dAYĈ»Â ǿbƑRxģņE 0.1 |Æśx OTU ǿ 

% > 0.01:� ��¿�NyW OTU dAYĈ»Â ǿbƑRxģņE 0.01 |Åśx OTU ǿ 

% < 0.01:� ��¿�NyW OTU dAYĈ»Â ǿbƑRxģņE 0.01 |Æśx OTU ǿ 

 

� Ņ˓Ę^d°ª·½Â�¸¿(%)bo]9ǃʕʊ˯ΖdʕʓʋǋdǯƏ|̏@˱BAxĖΫ˯avhb

UdǑ˰|áÆbĘǧRx:Lyv|ĖΫRxÅ^9PF@ú|̤ƅPW:PF@úeŅ˓ĘbCJxĈ

»Â ǿbƑRxŅ OTU ^ȳĕNyW»Â ǿdģņ^ 0.1 %b̤ƅPW:LyeŅ˓dȳĕ OTU dAY

»Â ��¿�ǿEθdo^?ZW OTU eĈ˓^ċ͞P] 50 %ʻƫ|Ĵq]@W:LybƑǇP]9°

ª·½Â�¸¿^?xŅ˓Ę%E 0.1 %|ÆśxrdEĈ OTU90 %áÅ^?ZW:áÅuw:Ƞ»���Â

^ŪέNyWǃʕʊ˯ΖEŷȸʣ^?xL_EȌvDbaZW:Lyuw90.1 %|PF@ú_P]̤ƅR

xL_buw9»���Â^ɞĪʣbʕ˶P]@Wǃʕʊ˯ΖdʕǒʋǋdĖΫɓƅ|̏Bx_˱BW: 

� ȇʭd Mn ʹĬ˛̈�¼Âbe Bacillus�Pseudomonas�Hyphomicrobium�Pedomicrobium�Rhodoplanes�  

Cytophaga ˆEŮŎNy]@x:nW9UyVydŪέȢãbuwǃʕʊ˯Ζ| MnO2Ξ˳ǋ̈s MnO2Ξ

˳ǋ̈_@ZW���º��9ʋǋ|ʋƅ^Fx_˱BW:̒ 4.6.2 bǃʕʊ˯Ζd���º��|ʵR:

nW9 UybuwƿvyWŅ»���Âdǃʕʊ˯ΖbĴqxŅǃʕʊdģņ|̒ 4.6.3 bʵR:Lyb

uw9 `dǃʕʊ�¼ÂE`duAa MnO2˳ǋdǋ̓|ǥZ]@xDŸnDaÓɬEŀ˹_aZW:

PDPaEv9Lyvd˟ȧuw MnO2E`dȸaǃʕʊʼdċ͞bƶΡ|ĸmP]@xdDˆd MnO2
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dƾƙȪέ˛̈ɞǋbΊƉ|ĸmRȾȷb[@]ǯƏRxbeÇįĖ^?xWq9Ƈ̦beŅǃʕʊdĖ

Θȫ|ʗ@]̱ȩRxǆ̗E?x: 

 

̒ 4.6.2� ǃʕʊ˯Ζd���º��ò 

MnO2Ξ˳ǋ̈  
MnO2buxƾƙȪέ˛̈ɞǋjdΊƉƶΡ|ļJx˛̈˯(RUN1^ăĴĬR

xE RUN29RUN3.19RUN3.2 d`d˓uwr 50%áÆd�¼Â|ͯǠ) 

MnO2˳ǋ̈  
MnO2buxƾƙȪέ˛̈ɞǋΊƉdƶΡ|ļJa@(EƖa@)˛̈˯(RUN29 

RUN3.19RUN3.2 eĈ]LLbƙRx) 

Mn(II)ʹĬĹǇʡʒ˓ŴɆ̈  

Mn(II)ʹĬĹǇʡʒ»���Â^ŴɆP9�²·¢��|÷ǥP]@x˛̈˯�

(RUN29RUN3.2 Ĉ]E RUN19RUN3.1 d 20 ùd�¼Â|ͯǠ9Mn(II)ʹ

ĬĹǇbƋÈP]@xǃʕʊʼ|ŋpŀ˹ǋE?x) 

Mn(II)ΊƉ̈  
Mn(II)dƀŤbuwΊƉƶΡ|ļJẍ(RUN3.1DvRUN3.2^5%áÆbɪƖ

PW�¼Â|ͯǠ) 

 

̒ 4.6.3� Ņǃʕʊ˯Ζdģņ 

 

�  

5)� n_q 

Áαɽƫ MnO2űƣǢìbƑP] K-medium |óˡPŪέPW˟ȧ(RUN 29RUN3)9 »���Â͎ͧ΅ź

ʥƼDvʕʊʣ Mn(II)ΎķE̜ƏNyW:Lyuw9ʮȝΆ^d Mn(II)ʹĬ˛̈dΖʽŪέavhbUd

Mn(II)ʹĬ˹ĥdʡʒbǖĦPW: 

ÁΞűƣ˓(RUN 1)^eȠƇί˓bCJxŪέȝΆÌbʕʊʣ Mn(II)ʹĬe̜ƏNyaDZW: 

ÁȠ˓Ę^ŪέNyW Mn(II)ʹĬ˹|țRxǃʕʊ˯ΖețȾʊ|ĜʗP9Mn(II)|ΎķP]@xL_Eʵ

NyW: 

ÁĖʕʊƁʣǚɖuw9Ƞ˓^ŪέNyWǃʕʊdAYǃʕʊ˯Ζd°ª·½Â�¸¿EɪƖRxuAa

MnO2buxƾƙȪέ˛̈ɞǋΊƉdƶΡ|ļJxǃʕʊʼEȌvDbaZW: 

 

 

(7) ƇÖɀΚɒƬɥDvdƙśĺ  

1)� »���Â͎ͧ˟ȧ   
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� ɟćɎÌdŅƙɽƫɬƅPW˟ȧ9ƇƬÖɀΚɒɲ̞ĔʓɥdŅƙd˝ǖe±¿�¿:10.6 mg/L9 ¢

��¼:1.70 mg/L9�¦¼� 1.25 mg/L ^?ZW:Lyb HEPES ¦�«~Â_ K.medium |ħBWū̓|»

���Âb͞ɎPW:ƿvyW±¿�¿Ύķ͟ƫ|Š 4.7.1 b9¢��¼9�¦¼�Ύķ͟ƫ|Š 4.7.2 b

ʵR:͎ͧ΅źʥƼuw±¿�¿ΎķEʴ̬NyW:UL^9͎ͧęȝ^e HRT | 4.2 ȐΆb̤ƅP]@

WE9ɟĕɎÌ^±¿�¿EƄĈbΎķNy]@WdEʴ̬NyWWq9ƽ;b Mn óˡ̻̇|ÅK]@

ZW:ș˜ʣb͎ͧ 3 ͢ΆáΌd HRT e 0.2 ȐΆbͪPW:Ud˟ȧ9RIbʤȺú^?ZW±¿�¿Ύ

ķ͟ƫ 1 kgMn/m3/d bθÀȚrPa@AYbĝͪPW:nW9±¿�¿Ύķ_ňȐb¢��¼9�¦¼�r

ΎķNy]Cw9±¿�¿ΎķbƑRxƙΎķɋeUyVy Ni/Mn=0.109Co/Mnσ0.15 ^?ZW(Š 4.7.2):

͎ͧȝΆÌ9¢��¼_�¦¼�e±¿�¿Ύķ͟ƫbɋòP]ΎķNy]Cw͡ˤƬɎĔʓEŀ˹^?

xÕEʵNyW: 

 

2)� n_q  

� Lyvdʭ̙|ūbƇƬÖɀΚɒdɲ̞Ĕʓɥ|ʗ@W¢��¼9�¦¼�9±¿�¿d͡ˤ»���

Â͎ͧ|̏ZW˟ȧ9κ͢Άd��Â���^UyVy 1.69 kg Mn/m3/d90.17 kg Co /m3/d90.12 kg Ni/m3/d

dΎķ͟ƫbĝͪP9ȠʯʾdʤȺ|ͪǖPW:±¿�¿ʹĬʊ|űƣRxÕbuwƇƬÖɀΚɒɲ̞Ĕ

ʓɥDvd Mn ΎķdȊȝ��Â���Cuhα͟ Mn Ύķ9ƙ��¿dňȐśĺEƇ̦Ny9ƇʗĬ

bŸFHĠͣPW:�

�

 

Š 4.7.1 ±¿�¿Ύķ͟ƫ 
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Š 4.7.2 ¢��¼9 �¦¼�Ύķ͟ƫ 

 

(8)� Ƞʯʾdn_q  

� ±¿�¿ʹĬ˛̈e̽Ȫέʔų^ȳĕNyxL_Dv9ư̄̓Œǋdα@ʼ^ȵëɽƫdțȾʊǫɎ|

óˡRyf9΅Ǽ˓bC@]rŪέ^Fxd^e_˱BvyW:UL^9±¿�¿ʹĬ˛̈_ʲĬ˛̈_

dċƀǃʕʊʕǒ|ȷˌRxL_|˱BW:ʯʾ(1)d˟ȧζ�¿µ¢�ʹĬ˛̈_ċʕŪέbC@]9ș

Ÿ±¿�¿ʹĬ͟ƫe 0.6 kg Mn/m3 d |ͪǖPWE9ʲĬĹǇbuZ]ʕQW pH ëÆbuZ]±¿�¿ʹ

ĬĹǇeƃƅPa@˟ȧ_aZW:UL^9�¿µ¢�dɀbʤ|ßJWdE´�¿^?x:´�¿ʹĬ

˛̈rʲĬ˛̈ňȸbà̵ʖʊ|ʕǖRxÕEʭvy]@x:ʯʾ(2)d´�¿|ĲÃdū̓_P]»��

�ÂbóˡPW˟ȧ9±¿�¿ʹĬĹǇ|ʴ̬P9pH dëÆrovyʃDZWE9±¿�¿ʹĬ͟ƫe 0.35 

kg Mn/m3 d ^?wʤȺd±¿�¿ʹĬ͟ƫ 1 kg Mn/m3/d bĝͪPaDZW:Ãȅ^9LyvdƇίÌb̀

Őɦ@ʭ̙EƿvyW:Ã[e9`Yvd»���Â_r�¿µ¢�s´�¿dóˡū̓|ˀʄüɁP]

r9ULDvȝΆ±¿�¿ʹĬĹǇEʴ̬NyWÕ^?x:Ld˟ȧDv9±¿�¿ʹĬ˛̈eà̵ʖ

ʊdoavS˛̈dɄΰrĜʗ^FxÕEʵŔNyW:ɀb9»���Âd�°¿�Ǣìb±¿�¿ʹĬ

ʊEƴǖNyx_ċƀ˛̈^?x´�¿ʹĬ˛̈dɞǋE̊PHëÆRxĀŊEƿvyW:ƇΔbʯʾ(4)

^e9ɞǋɐɘs´�¿ʹĬ˛̈|ʗ@W¦��Ƈί^ʴ̬|̏ZWE9±¿�¿ʹĬʊEÞdƾƙȪέ

˛̈|ΊƉP]@xÕ|ʡ̙PW:Þbr9̻̇|ÅKxʤʣ^óˡ±¿�¿ɽƫ|ÅKW˟ȧ9Ǌɼb

±¿�¿ʹĬ͟ƫEëÆPWÕDv9±¿�¿ʹĬ˛̈e±¿�¿(II)bΊƉ|ļJxÕEʵNyW: 

� Ǘ;eLL^9ū̓|óˡPaH_r±¿�¿ʹĬ˛̈Eˣˤʣb̜ɬNyWÕbʫʤPW:±¿�¿

ʹĬ˛̈eÞd˛̈|Ė̞P]ŴɆ^Fx9Ra{Yɞǋɐɘ|ū̓_P]óˡRxÕ^±¿�¿ʹĬ˛

̈|Ūέ^Fxd^ea@D_˱BW:UL^9ʯʾ(3)^e9ɞǋɐɘ|ŕÃdū̓_P]͡ˤĔʓ|̏

ZW˟ȧ9±¿�¿ʹĬeșŸ 1.69 kg Mn/m3 d _ǃʕʊbuxÉʜș͟d±¿�¿Ύķ͟ƫ|ͪǖPW:

WXP9ʲĬ˛̈ĸh´�¿ʹĬ˛̈_dċŪέƇίrňȸ^?xE9»���Âd±¿�¿Ύķd��

Â���be 2 ƩáÅ_ȝΆ|̗PW:LduAaȐΆEDDx_9ƇʗĬeÇŀ˹^?x:UL^9



3K133004-55 
 

±¿�¿ʹĬd��Â���NTx�����Eǆ̗_aZ]Hx_˱BW:UL^ɀbʫʤPWdE

±¿�¿ʹĬʊdƾƙȪέ˛̈jdɞǋΊƉ^?x:±¿�¿ʹĬʊbƾƙȪέ˛̈EΊƉ|ļJxd^

?yf»���Âb±¿�¿ʹĬʊ|űƣRxL_^9˄ņRxÞdƾƙȪέ˛̈dŴɆ|ǞĞ9±¿�

¿ʹĬĹǇd��Â���ȝΆ|ʮ˫^Fxd^ea@D_˱BW:ʯʾ(6)^e9»���ÂǢìb±

¿�¿ʹĬʊ|űƣP9��Â���ȝΆjdƶΡ|̜ƏPW:Ud˟ȧ9»���Âb±¿�¿ʹĬ

˛̈dăĴʣaŪέbǖĦP9±¿�¿ʹĬ˛̈dŪέ| 2 ͢Άʻƫbʮ˫RxL_E^FW:LduA

b9±¿�¿ʹĬʊeÞƾƙȪέ˛̈dŴɆ|ǞĞ^FxÕEPqNyW:UL^9ʯʾ(5)^e9ǃʕʊ

|ŪέRx½Â�Ūťb±¿�¿ʹĬʊ|ɨħRxÕ^9±¿�¿ʹĬʊ˳ǋ˛̈9±¿�¿ʹĬ˛̈

bͯě^Fxd^ea@D_˱BW:Ud˟ȧ9ɞǋɐɘDvǃʕʊ˯|ĖΘRxÕE^FW:Nvb9

ɞǋɐɘÌbƀŤRx±¿�¿˳ǋ̈eĈìd 2%^?xÕ9±¿�¿ʹĬ˛̈eĈìd 0.2%ʻƫ^?Z

W: 

� Lyv(1)>(6)dƇί˟ȧ|ʗ@]9ƇΔbƇƬÖɀΚɒdɲ̞Ĕʓɥ|ʗ@W¢��¼9�¦¼�9±

¿�¿d͡ˤ»���Â͎ͧ|̏ZW:Ud˟ȧ9κ͢Άd��Â���^UyVy 1.69 kg Mn/m3/d9

0.17 kg Co /m3/d90.12 kg Ni/m3/d dΎķ͟ƫbUyVyĝͪP9ȠʯʾdʤȺ|ͪǖPW: 

 
�  
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ĶȂbďʕPuA_P]@x:PDP9ʒʌdÃ́ʣaʃȾĬƁʣǚɖ^e˞ɩʣbǬˊEņ{a@:Ã

ȅ9ʕʊƁʣǚɖeÃ́ʣbĬƁʣǚɖuwrë���^?xL_Dv9țȾǋǫɎĔʓbC@]eÍɟ

^?x:½�´�¼dśĺbƑP]rʕʊƁʣǚɖeº¿¢¿����EëH9́ʗΟ^d̰Ψea@_

̠Bx: 

� ±¿�¿ʹĬ˛̈e9̈́ Ǽ˓dɧņǃʕʊ˯Ζ^eŪέP\v@:Lyeư̄̓Œǋdα@˛̈^?w9

̽ȪέʔųbC@]ȳĕNyx:Ra{Y9ȵëɽƫdțȾʊǫɎ|óˡRyfŪέ^Fx:ʲĬ˛̈?

x@e´�¿ʹĬ˛̈|ŪέP]9Udà̵ʊ^?xëɽƫdțȾʊ|óˡRxȅɖ|˱ȯP]9±¿�

¿ʹĬ˛̈e΅Ǽ˓^rċŪέ^FxL_|ȌvDbPW:nW9±¿�¿ʹĬ˛̈e˛̈dɄΰ|͂Ĭ

^FxL_|ʡ̙P9DHS »���Â|ʗ@9ɞǋɐɘ|ū̓bP]ΖʽŪέ^FxL_|ʵPW:Ud

±¿�¿ʹĬ͟ƫeʤȺd 1.0 kgMn/m3 d |͆Bx˹ĥ^?x:Nvb9ŷHdƾƙȪέ˛̈e Mn ʹĬʊ

bɞǋΊƉ|ļJxL_|ʡ̙PW:Ldʒ̺|ĜʗP9Óq Mn ʹĬʊ| DHS »���ÂbűƣRxL

_^9±¿�¿ʹĬd��Â���|ȊHRxL_bǖĦPW: 

� Lyvdʭ̙|ūb9ƇƬÖɀΚɒɲ̞ɥbͭʗP]9κ͢Άd��Â���^¦�� MnO2dα͟ʕ

ǖ 1.0 kgMn/m3 d Eŀ˹^?w9�%9�#9�& dňȐśĺ^FxL_|Ƈ̦PW:�
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Ny]@x:nW9�¿ £��bC@]r±¿�¿d͓ĕ̚Ğ|ȳ̢P]@x_ŮͩNy]@x:ÝƼ
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� ˔ 200kg ďΚɒ|ǵ͐P]@xÖɀΚɒƮΚɍ˽Ī͌e9ÝƼ9ȑĸRxL_EÓɬNy]@x:̌

Κɒeñʗbè@ĨĬP9Ƭ͌dȐbƬȰNyxL_baxE9LdƬȰͷe˼ŸbaZ]HxL_EǕ

ǈNy]@x:ƾZ]9̌Κɒ|˞ɩʣD[ʔųbsNPHďʕRxǜ̐d΅ʡEƤɏNy]@x:Ld

;|ǳZ]@xdE9ɲ̞ĔʓPWɥDvdÍǖĖ^?x±¿�¿9¢��¼9�¦¼�dśĺ^?w9

Ƞʯʾ^eLdśĺǜ̐_P]̼ʎ^Fx: 

� Ƞʯʾd¦�� Mn ʹĬʊʕǖǜ̐e�¦¼�9¢��¼bɁnvSÞd½�´�¼śĺbrͭʗ^F

x:´��Ɵůa`d½�´�¼Á½��Â�|ŋțRxŅʼʖȴǫɎsͺƛǫɎδͺƛE΄ͿNyWƼ

rƙ|ŋpɣĕɎeʔųūɰ|�»�ÂRxĔʓȄ{y]@xεdë���ŧʕʊĔʓδśĺεǜ̐

_P]Ǳó^F9ͶƙdɎʔųɐȨƑˈbr̼ʎ^Fx:nW9��]fj'TFQP$WYwdskv

I!�MRFaD��WY�"�SYEaICulerVU=�: I9�SEaDKb_c: TMR�GCwds

kv1X=���W\�&SJaD 
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[Abstract] 
 

Key Words: Minor metals, Resource recovery, Recycle, Rechargeable battery waste, Manganese 
oxidizing bacteria, Mn oxides, Ni, Co 
 

Production of electric car battery is increasing. In the near future, their disposal and 
recycling would become a big issue for sustainable society. Recovery of Mn, Co and Ni from 
rechargeable battery waste is conducted by mainly chemical and electrical procedures nowadays, 
which is very costly. The objective of this study is to develop a novel biological technology for 
recovering Mn, Co and Ni from rechargeable battery solution. 
 Biogenic Mn oxides (bio-MnO2), products of biological Mn(II) oxidation by Mn 
oxidizing bacteria (MnOB), are well known for metals adsorption. If MnOB cultivation is possible 
under open environments, the bioreactor can be expected to be used in a promising system for 
simultaneous recovery of Co, Mn and Ni. However, it is difficult to enrich MnOB at high organic 
substrate concentrations, where other fast-growing heterotrophs usually dominate the microbial 
community. The enrichment of MnOB might be possible under very low substrate conditions. We 
have conceived a unique strategy for MnOB enrichment by co-culture with nitrifiers or methane 
oxidizing bacteria, in which low organic substrate is continuously provided because soluble 
microbial products (SMP) are excreted from nitrifiers and methane oxidizers.  
 Cultivations of MnOB and biological Mn(II) oxidation in DHS bioreactor were 
successful established in coupling with nitrification and methane oxidation by supplying Mn(II) 
and ammonium or methane gas, respectively. However, the maximum Mn(II) oxidation rates 
achieved only 0.6 and 0.35 kg Mn. m-3. d-1, because of pH drop and methane oxidization activity 
inhibition by produced bio-MnO2 respectively. In these experiments, we found a new interesting 
phenomenon that MnOB can grow on dead cells. Then, we tried to enrich MnOB on activated 
sludge as substrate and succeeded in the enrichment, achieving Mn(II) oxidation rate of 1.69 kg 
Mn. m-3. d-1 over our target level.  
 We also found that a large variety of heterotrophs are inhibited by MnO2, and conducted 
an enrichment of MnOB in a DHS reactor, where MnO2 was initially installed, with organic 
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substrate fed. The results revealed that Mn(II) oxidation was quickly observed even in such 
condition. 
 Finally, a treatment test was performed using a real rechargeable battery solution based 
on the information obtained, in order to investigate whether Mn, Co and Ni are simultaneously 
recovered at 1 kg Mn. m-3. d-1. This research demonstrated that minor metals in rechargeable 
battery are able to be recycled by biological method.  


