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¹ʧ	3Ô�ƉIɣȬ÷Žó�	Ǭdö�ȿãƳĝʉƹ	�"y÷ȠǴÈ"ǰ

。大�¹ʧƟǅǙ÷ȡʗ0ʉƹċ	�~��ĴÏe"yȠǴ÷1ɰɁÔ TCE一
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ƟǅǙǾȪÔEǬdö÷ȨǓ上（�ȇĝ人ƶ�^ĢÀČl�三ɖȖƟǅǬdö

子Ȫ TCEƟǅûƑ÷上ɺã	ġ上�ë�¤，ǋĽ^���= TCE�ĖȦǵd
öɞô¶ƣ� 
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Under anaerobic conditions, the detoxification process of trichlorethylene often 
results in the accumulation of dichloroethylene or vinyl chloride metabolites, which 
are more toxic than trichlorethylene. In order to develop an ecological control 
technology for the complete dechlorination of trichlorethylene to ethylene, this 
study is aimed to establish the laboratory-scale anaerobic reductive dechlorination 
systems to investigate effects of the three hydrogen-releasing agents (i.e., molasses 
(MS), emulsified oil (EOS) and acetate (AS)) on the performance of reductive 
trichlorethylene dechlorination, and the corresponding microbiome structure. In this 
study, the dechlorination performance of three reactors was evaluated by analyzing 
concentrations of organic carbon, volatile acids, and chlorinated ethylene. The 
results showed that all of the reagents can stimulate the complete dechlorination of 
TCE. However, under the condition of high TCE loading rate (26.4 mg TCE/L/day), 
the acetate-degrading microbial populations in the acetate-fed reactor was inhibited, 
leading to a greater accumulation of cDCE and lower efficiency of complete 
dechlorination, as compared with the MS and EOS reactors. The results of high-
throughput sequencing analysis of 16S rRNA gene showed that although the 
reagents possess different carbon complexity, the overall microbiome structures of 
the reactors varied differently. In the case of adding molasses, the microbial 
diversity was the most abundant. However, different carbon sources would not 
significantly change the type and richness of dechlorinating bacterial populations, 
which is consistent with the performance of TCE reduction and complete 
dechlorination among three reactors. In addition, the analysis of the interactive 
relationship between dechlorinating bacterial groups and other microbial 
populations reveals that simple carbon sources, such as emulsified oil and acetic 
acid, have a complex interaction network with species, and the structure of the flora 
changes drastically with time. In contrast, with the use of more complex carbon 
source such as molasses, the structure of the microbial flora is relatively stable, and 
the ecological network of the dechlorinating groups is relatively simple. This study 
established the associations of different agents, their complete dechlorination 
capability, and the resulting microbiomes. The overall results provide useful 
information to facilitate the development of precision bioremediation technology for 
groundwater TCE pollution in Taiwan. 
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(�) ）Å 
�ǅ�Ǝ (tetrachloroethylene, PCE; trichloroethylene, TCE) ĕÓ�ħǸĦ0

ħɶã÷ĚãöɎ	Ȗ�子ŧŹ0dȘɵȒ�ǲ�÷xļ�f，"Ƿ÷Ïe�ƃ

æȪơǻ	ÏŻ�ʗ-}ö�Ǡǟ��ʘ0��=#�Íɛ 2017 �Sʭ�ʘ0
��=�ĖɞôȨ	+©«ǅ-}ö�Ė��=t� 171ĴƷ­	Ô#�ǅ�Ǝ
�Ė�ťȉ 109Ĵ�ĖƷ­	大k�ǅ�ƎĝƳŸÃ÷��=�Ėö�ű，�ǅ
�Ǝ�ĖƷ­ĝȾƗ�	十�÷ɞôǺǜ ȉǺɲƥɂ	�ĕů)�ǅ�Ǝ�Ė

ɞô¶ƣ_ɤ�Ƀ	ġ上ø下�Ǻʩ0�!ġǷřC	ƨ子Ȫ¶ƣ�Bś�'"

Æ�~�	�ǅ�Ǝ�Ė÷ɞô¶ƣƤvĝSʭ�=�ǍȵŰďȴǋĽ÷¶ƣǥ

j$�� 

döƻÂĕ£eƑ�äUǴǬdö÷」ã	ŷ�Ě�Ėö,ȁʊǀ�ĝǈĚ

öɎ	ƤȮĝĕ�ȡɵȒ/Ǖ÷ȧ�ɞô¶ƣ	Ʀ�ĢÀʔȔŒŌȏŎǙǾNǟ

�ƟǅÚª1ɰ	Ï�ǅ�Ǝʊǀ��Ǝ�MĚ-�@ğzů0Sʭ�=ğȖ，

Ddöɞô�ǅ�Ǝ�Ė��=	�Ư,�ƂeȏŎdö¶ƣ��ǅ�Ǝ�Ė÷

ȏŎdöɞô¶ƣǋĽN,ĝ�Ĵǣę	�ȑ 1.1åk	�ǁ÷
ǨƚdöƻÂ�
ĕŷ三ɖʡ��ȼĎ	ßǁȟǇ��=#�Ėöɡċ	Dǚ�Ɵǅ1ɰŃƏ�$

Ď	ǋĽH
ȟž�döƻÂ(Monitored Bioremediation)�	Ť三ɖʡ：Ȫßǁ小
ȕ�Ėöɡċ$U	È,；��=#上ʀƟǅǙ÷ȾǠ	±Ɔ=Ɏ,；ǑëǑ}

ƟǅǙdöđɀ	IźĢ¢Ɵǅ1ɰɽǪȪɞô�Ń�ɕȤ��	一ĕ＃ɻÖǈ

ɍƉI�2三ɖ	ƟǅǙȾǠǈñµƬȺIȪ�Ėöɡċǈñİ�÷¬了	Ğ�

�ǅ�ƎǺǬdöƟǅƓdĚãºť÷�ǅ�Ǝ (dichloroethene, DCE) 0ǅ�
Ǝ (vinyl chloride, VC) Ɲɢ÷ƑǛ�
ȦǵdöƻÂ(Precision Bioremediation)�ĕ
�ǅ�Ǝ�ĖȏŎdöɞô¶ƣ÷ƳǯǋĽ�ÔBĪ¶ƣ)ƌĕ�ȟž�döƻ

Â÷ű二�	ĢÀ��=Ǭdö子ɘ (Microbiomics) ÷Know-howȪKnow-why�
Ǭdö子ɘĕſŞsǙǾƜ��JśD0ǙǾ%Ŭ上（÷�ÿǯɥ÷ɘģ	Ƽƾ

ƩËĮĪ÷Ȅş	ŻDȦɄɝžȏŎƟǅ1ɰ$ǟ���ǅ�Ǝ�Ė “ȦǵƻÂ”
÷Ƒ�ɞô¶ƣȦǽ�，ŷ三ɖ(Ȍ�ƽÐù)：���ĖŭŰ	ÈśµƬųɓH
上ʀƟǅǙǾ	Ï�ǅ�Ǝ¯sʊǀ��Ǝ�ġȖ，三ɖʡ： ��Ƀ÷�Ǎ¶

ƣ	Ǭdö子ġ上ø下ąȇřC�ÊȔ�	�Ŝ�ȼ#一ĹƟǅǙ÷ȾǠÈ"ʉ

ƹ	��ŨǇ�ʉƹċ÷ƟǅǙĕ�ǥēɚ	�A"yãɎä"yŭŰ÷�ȼǬ

dö�ȿã"y	~�ɰŊɛȂƷ­ȔȳǬdö,；÷Ȅş	ɱßäɌɞ三ɖš

8Ïe�f，�ǅ�ƎMĚ-ɠ×ĕƭ¼一ĹƟǅ÷ȊǍ	�"yǣęȴĪȖœ

�三 (ǬɌ三ɖ�,Ȫ�ȼɵȒƇo)	DĂǟzǣę上ʀǙǾdþ	ÈɳƮH¯
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ɞ÷ƟǅǙǾdȘÁ	ƽÐ”�ŃAʐß÷¯sƟǅ”Jś	Ƴƞȉ�¯sİȁ�
Ėö� 

^īǊɪɜ�ȼ#ŸÃ÷ TCE�ĖĝBĪĢÀȖǛ	�Ƒ�ȟž�döƻÂ
¶ƣ$ű二�	ə�Ƴ�ȣ÷�@FťƪǠß²[S	Ǒ}döȄş�Ⱦɛ,；

¶ƣ	ſŞ TCEȏŎ一ĹƟǅȊǍ$Ǭdö子ŬȘ (Microbiome Dynamic)	Čl
ƟǅǙǾȪÔEǙǾ%Ŭ上（$dȘȨǓ	Ģǋ�ǅ�ƎȦǵdöɞô¶ƣ�Ģ

ÀǑëŷƽÐǋĽ TCE ¯sƟǅ��Ǝ$dȘž×¶ƣåȴ÷ɵȒǬdöɘø
下	±Ɔƽ.Sʭ^�döɞô¶ƣŶǱ=[Ȫ也õ�� 

ȑ 1. 1�ǅ�ƎȏŎdöƻÂ¶ƣȜʧ 

ŊɛǬdöɘƐɍ	�ȏŎɵȒ���=#÷一ĹƟǅǙDƈō��,��

ɠöĝȌ�Ðǔù	�ǅ�ƎĝƳƞȌ�ƀÙù	ǟ�一ĹƟǅÚª1ɰ	�ǅ

�Ǝƭ¼Ɵǅ�ĝ�Ǝ (ȑ 1.2)��Ǎ�	Ȗ，�ǅ�Ǝ�Ė÷Ƒ�döɞô¶
ƣ�L：�ɣȬ�ĲeòäÉȲʬĝűà÷三ɖ���=子#	三ɖƤ��=Ǭ

dö,ȁƓd�ȲȪƈō	ƩËFɼƓö!ƤƟǅǙ£e	ǟ�一ĹãƟǅ1ɰ�

ȏŎƟǅǙȴqɨƓƈǬdöƅǾƽÐƈōǟ�ƲŖÚª	�ƟǅǙŏŚƈōą

�¤，ƓƈǬdöFɼűɎ�~�	�ǅ�Ǝǟ�一ĹƟǅ÷ŃƏÙÖƟǅǙȪ

ƓƈǙǡtɳƑǛ (Syntrophy) ÷Ɍž� 

ȑ 1. 2ȏŎ一ĹƟǅǬdödȘŦȯ (^ȐǢɞƐ) 
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7ʚƸə øÓ�一ĹƟǅś�÷ȏŎƟǅǙĤ� 40ŋ	�ȿãĀŸʉƹ	
�Ư,÷Ɵǅ�Ǝ一ĹƟǅĢÀ'ĕD Chloroflexi ÿ÷ Dehalococcoides ĝB	
j）�2 ,ʋH 19ŋ DehalococcoidesǙǾ	ÍǶ DehalococcoidesǙǾ÷ 16S 
rRNA ű~²vľƕNƛ,ĝ���Ī (subgroup) ƅǾ	,¡Ü|ĝ Pinellas�
Victoria Û Cornell	ÔdþȪɵȒƇo(«ǅ�Ėö�pH�ƈ,ɯ)ŁŁġ上�ȏ
ŎƟǅǙ$Ɵǅś�"Ȟġy	ǩ�ĀŸ2Ⱦ	Ñ� strain 195Ó�ŷ PCE/TCE
¯sƟǅ��Ǝ÷ś�	�Ư,ȏŎƟǅǙŋNDżťǅȾ�Ǝ (PCE/TCE) Ɵ
ǅ� DCE��ĕ,； strain 195÷ű~子ǑëȪȔƷĢÀǺʩ	大k strain 195ƪ
Ÿ"、�ɞôȊǍ�ĝɮǪƟǅǙǾ�ƟǅǙǾ#ǩ Dehalococcoides ʠ÷�Ļ
Ó�śŷ DCE Ɵǅ� ETH ÷ś�	~�ŸȪÔEƟǅǙtd¯� TCE ¯sƟ
ǅ$pū� 

äƦȖ，ƟǅǙǾ�ȿã0dƐŒã"Ğɷȁäĕ�ȼɵȒʧƕãť	�ǅ

�ƎɞôƷ­ǺŸǋd DCE 0 VC Ɲɢ÷ƑǛAǈñĐʢİȁ÷ƒɭ��ƑǛ
Nśĕ一ĹƟǅŬ�ɘȪƟǅdȘVɦ	əħ DCE 0 VC İȁƬƏ�，ťǅȾ
�ƎİȁƬƏ�äùĕİȁ DCE/VC÷ƟǅǙ」ãÙÖ¸×Ǐ� 

�ɞô�Ǎ�	ȊM÷ȮøĕRĪƉIȠǴ (三ɖ) ƺśʫƓƈǙƓdƈō
ÐǔƟǅǙdþÈǟ�一ĹƟǅ1ɰ�ÊȔ�	ȏŎƟǅǙ"ǩȴqɨƓƈǙǾ

ǟ�ȏŎ一ĹƟǅ1ɰ	nȴÔEtdǙ  (��Clostridium, Desulfovibrio, 
Syntrophomonas, Sedimentibacter) ƽÐȩdŖ B12�\ȴʯűȲǏdþ~�Ăǟ
ƟǅǙdþȪƟǅÚª1ɰ��U	�ȏŎ�ȼ#ŸŸ�ʉƹ÷ʤƛǙ�gʰǙ

0ƘȲ一ĹǙǏ	ǰȪȏŎƟǅǙ也õƈō�~ƟǅǙdþɈș	ƪŸǲ2Ǡ÷

ƈōƤƟǅǙ£e��]ƟǅǙǈñɴØÆŴ÷ƈōǷ�Ȍ�ƽÐù	ÔƟǅǙ

dþƺǰǆɈ	əħ�ǅ�ƎİȁŃƏİ��~�	�ǅ�ƎȏŎ一ĹƟǅ1ɰ

ÙÖƟǅǙ�ƓƈǙ0tdǙǡtɳƑǛ÷Ɍž	ÈƍƍÙ�ȼǬdödȘÁ$

ÔEǙǾ%Ŭ上（Ƚ土�f�ĭNø	�ǅ�Ǝ�Ė��=döƻÂ÷�J上ʀ

ǐƔĕ��ɝžȏŎ一ĹƟǅǙȡʗ/ȾǠ�ƓƈǙ0tdǙ	´��Ĵ[ɦ÷t
ddȘÁƚ	DȉÖ�ǅ�ƎƟǅ�ƳƞƓö-�Ǝ��ʦ，�	ɝž"yƟǅǣ
ęƟǅǙǾ÷ǑțȪȾǠ�D0ƟǅǙǾȪÔEǙǾ÷m%�e (K«td�也
õ�ŵd0łĲ) 上（ǏĕȦǵdöɞô¶ƣ÷ň5	ǉ�Ʃ8＃÷ø下Ȫ¶ƣ
'ġǷ�į�  

ȊMſŞ��=ǬdöǙǾǑț�, ȪŬȘ	BĪÏe÷,�dö¶ƣĝ

,�ɪǄ  (molecular cloning)�ʧã。ɉȌî  (Denaturing Gradient Gel 
Electrophoresis, DGGE)�ȣʂį×>ęþċ�ĉã (Terminal Restriction Fragment 
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Length Polymorphism, TRFLP) Ǐ��ĕ	��=Ǭdö�ȿãɊʌ	£eȊMǨ
ƚ,�dö¶ƣf，,；ƪǠ÷į×	Rś小ȕɵȒ#BĪ÷ɮǪǙǾ	ćǈñ

ɷȁǙǾǑț÷sȰ	əħdöƻÂŸ＃ɻ�Ń"ȗ÷ǎȒ�ü�Ò	�@Fť

ƪǠß²¶ƣ (Next-Generation Sequencing, NGS) ÇƬǋĽ	ŢȖ DNA ²vȿ
Ĉǟ�ťƪǠ�ťȦǵċÛuƑãÎ÷ß²A��ß²,；NɴŻ�ǹƇ DNA
²vȄş	Ȉe NGS ¶ƣNȖɵȒ#ǬdöǙǾǟ�s＃ã÷ȁț	ȍ�ß²
ƍċ (sequencing depth) ÆŴŨǇÖȿ^#ʉƹċ�� 0.001%÷ǙǾ�NGSɴŻ
÷Ⱦɛǟ�¼Ǒ}�ʧǠ,；8ñ	�ʃǤ,；�B�,,；�BĿɀ,；��

ȩċñǏ	Nɷȁȿ^ǡ÷ľƕ��@FťƪǠß²¶ƣBĪŢȖǬdöƅǾǟ

�ßã0LßǠ,；	ĨĪȉÖßǠ,；÷j÷	NƧīŶ�ãȓň�Ȳ4�È

Ǒ}¥ņßǠ PCR (real-time quantitative PCR, qPCR) ¶ƣßǠǬdöǙǾ 16S 
rRNA ű~ɡċ�ĝɷȁǬdöǙǾǡ÷m%�e	ŷ"yİȁņǁ 
(PCE/TCE→DCE/VC/ETH) ǬdöǙǾʉƹċǑ}ʗŔǺȨȆ (neural network)	
Čl÷ǙǾǡ÷dȘ上（ȨǓ	ŷƽÐɌž上ʀǬdöŏþ÷上ʀȄş� 
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(�) ĢÀj÷ 
ſŞ"yʟƈ三ɖ (乙ʗ�òʗȪȲʗ) Ȗ TCEƟǅ÷ľƕã	uǟ�¼Ȉ

e�@FťƪǠß²¶ƣȪßǠ,�dö¶ƣ	ƍ�ɷȁ TCE �ȏŎ一ĹƟǅ
ȊǍ	dȘÁƚ#ǬdöǙǾȡʗ0ȾǠ÷Ɩŝ� 

^īǊǑ}�@FťƪǠß²¶ƣ�¥ņßǠ PCR0ǬdöʗŔǺȨǓ	Ţ
ȖƉI"yȠǴ�ǅ�Ǝ��=�ĖÁƚ	Člɞ}ã÷Ǭdö,；[S�^ī

ǊǬdö子,；ǐƔ0「Ǎ�Ù1ɰɁ�ïȿ^ǺȊ DNA ǖØ��ǬdöǾ÷
ɹ DNA	ƀǘD PCRǑ}ƛǙŶ�ã÷4�	Ɋȭ 16S rRNAű~ V3-V4>ę�
Ř-ÈßǠ	$ĎD Illumina Miseq workflow�@Fß²¶ƣǟ�ťƪǠß²,
；	�ī½Ĵȿ^NɴŻ 30,000ƇD�÷�Ń DNA²vȄş	�īß²ƍċÆ
ŴŨǇȿ^#�，ʉƹċ 0.001%÷ǬdöǙȡ�ɴŻ�Ǡ÷ß²ȄńĎ	uǺf
döȄşƨ子,；Ď	Nʦß DNA ²v�ʠ (genus) ǣȼ0小ȕ"yȿ^Ǭd
ö�ȿã÷ľƕã� 

f，�@FťƪǠß²¶ƣBĪŢȖǬdöƅǾǟ�ßã0LßǠ,；	^

īǊuǮš¥ņßǠ PCR (real-time quantitative PCR, qPCR) ¶ƣßǠǬdöǙ
Ǿ 16S rRNAű~ɡċ	¥NŻø上ʀǙǾ�ɵȒ#÷ǒȖʉƹċ�ƳĎ	Ǒ}
ǬdöʗŔǺȨǓ,；小ȕƟǅǙ�ƓƈǙ0tdǙ÷tdȪ也õġ%上（� 

^īǊĢÀ,��Ĵǣęjɀ� 

1. Čl�Ɯ (乙ʗ�òʗȪȲʗ) ƫʢ「ȏŎ TCE一ĹƟǅ1ɰɁÁƚ 

2. �Ɯ (乙ʗ�òʗȪȲʗ) 1ɰɁƟǅǬdöƜ�,； 

3. �Ɯ (乙ʗ�òʗȪȲʗ) 1ɰɁǬdöǙǾȨǓ,； 
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(�) 7ʚſŞ 

3.1��=ǬdöɌĘ 

ȊMǟ��ʘ��=ɞô��）ĠǧɌĘ��=7��Ėöȡʗ	ÍǶɌĘ

ǑëɪɜȇÎ÷ɞô8ñȪ¶ƣ��ɞô¶ƣ#,�ö-Ûdö8ñ�ö-8ñ

ʁǉśŴµƬƊŤ�Ėö	�ɞôĎƴɔ�ɡċ�Ėö一ȴúǜ十�ý力ơƐA

Ȗ，ɵȒ"/Ǖ	~�döɞô��ǣęŷÓĮĪ���döɞôȖ，Ǭdö÷

Ƽƾ¿ß�Ėöĕ¦śMŤ÷上ʀ~Ŗ	ȊMřCǬdödþÛFɼȄş	Ƒ�

döɞôȇʖǟ��ü���Ò,�dö¶ƣµƬǋĽ	ƭȝɷȁdöƻÂȊǍ

#ȴ�ȡǬdöŮȪ	�Ǭdö，Ƒ�÷öȡŷśXP_ÒƷ­ɞô÷ǐƔȪ8

{� 

ȊMŢȖ�ĖƷ­÷ǬdöɌĘũ{Ĵ¡,；ƶ�Ǚŋå·Ȝ÷Ä�	�

Lovley ， 2003 ��ǋû7Ʊ#ƽÖə�ű~ǳâŷdöƻÂȪ,�dö¶ƣǑ
}	��ȑ 3.1åk�LovleyȮĝ�ɵȒ#ǩ2Ư,ǬdöśŴƤ,ʋHÒ	Ʃ
ËNDƤ,ʋ÷ǬdöNDǟ�ȇĝƍ�÷dƐd-Œã,；��"śƤ,ʋ÷

Ǭdö�śDÔE8�ØŻű~Ɯ�÷Ȅşǟ�,； mRNA ÛƢiɎ	ƩË
mRNAÛƢiɎśŴƽÐ�"yɵȒƇo�ű~÷ûƑ�ŷ,ʋǙȡȪƋÛǬd
öƅǾƽÐ÷Ȅşɞ}ĎŷśŴǋĽHǬdö�ɵȒ#JśûƑ÷ɂ� 1��Ė

Ʒ­ɞ子ǬdöɌĘÈĴ¡,； DNA�RNAÛƢiɎĎƚɞŷśɷȁǬdöt
ɳÁƚ	�¤，Ʒ­ɞô� 

ȑ 3. 1 ű~,；¶ƣƽÐǬdö��ĖɵȒ#JśûƑ÷ɂ� 1
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3.2ȏŎƟǅǙǾ�ȿã 

ü 20 �Ò	£e一ĹƟƲ1ɰ (reductive dehalogenation) ,ʋH÷ǒȖ/ķ
ãȏŎƟǅǙ (nȢ�ƟƲÚªǙ (organohalide-respiring bacteria, ORB))�ǒȖȏ
ŎƟǅǙʠ，ťǂ�Ŷ�ã (highly niche-specialized) $Ǭdö	RƀÙƈōǷ
�Ȍ�ƽÐùǟ�÷一ĹƟƲ1ɰ�ķãȏŎƟǅǙNƀÙȇ�(÷Ȍ�ƽÐù 
(?川Ȳ (pyrivate)�ÉȲ (lactate)�Ɋʌ�ɠ (��ȱaǖØö (yeast extract))å
ƽÐ$Ȍ� 2� 

ȑ 3.2 ĝɞƐj） ø÷ķãȏŎƟǅǙǾ	KĒ Firmicute ÿ÷
Desulfitobacterium 3� Proteobacteria ÿ÷ Sulfursapirillum 4�Geobacter 5�

Desulfomonile 6�Desulfovibrio 7�Shewanella 8�Comamonas 9 0 Anaeromyxobacter 
10	ÈNƀÙȇ�(÷Ȍ�ƀÙù (���ȷʤ��gűÌ��ƘȲʬ�ǌȲʬ)�
Desulfitobacterium ĕƩʗ一ĹƟǅǙ$Fû�Desulfitobacterium ĝƘȲ一ĹǙ	
ÔŒãȪ Dehalococcoides 0 Dehalobacter ľƕȇ��Desulfitobacterium ś£e
�ĭ�(÷Ȍ�ƽÐù (��ƈ�ÉȲʬ�ɑȲʬ�?川Ȳʬ)	�ȏŎÚªȊǍ
#ŷƘȲŊ一Ĺ�ÌƘȲŊ�ƘFƘȲŊ	ä一Ĺ�(ŖƘĎuʊʧĝƘ-ƈ�

��ʠ÷,ʗ�j）ƤʔȔ�Ɵǅś�÷ȡ� Desulfitobacterium dehalogenans�
Desulfitobacterium chlororespirans � Desulfitobacterium hafniense Û

Desulfitobacterium strain PCE 11� 

QU	2006� Geobacter lovleyi strain SZ�ǋƑÓ�Ɵǅ÷ś���ŋǬd
ö,ʋ�ǈ�Ė÷︰�àï	�ćś£e�ȲǷ�ȠǴ	ŷTǅ�Ǝ 
(tetrachloroethene, PCE) Ɵǅ�Ǧ -�ǅ�Ǝ  (cis-1,2-DCE)�Geobacter lovleyi 
strain SZ�N£eƈō�?川ȲǷ�Ȍ�ƽÐù	�ŷ PCE�TCE�ǌȲʬ�á
ĥŗȲ (fumaric acid)��ȷʤ�ʝëȲ�Tȷɫ�*ȷȋ�(ŖƘǷ�Ȍ�ƀÙ
ù 5� 

ġ1�	Ť� Dehalobacterʠ， Firmicutesÿ$U	Ôɔ÷ǒȖȏŎƟǅǙ
sưʠ， Chloroflexi ÿ 12, 13	ARD�ɠƲ-}ö (organohalides) Ƿ�Ȍ�ƀ
Ùù�ʁǉȏŎƟǅǙ�ȿãʉƹ	�j）�Ư,÷�ǅ�Ǝ一ĹƟǅĢÀ'ĕ

D Chloroflexiÿ÷ DehalococcoidesĝB�j）ż«ǅ-}ö�Ė$�ʘ�àï�
︰�ä�ïŏ-Ɂ ,ʋH 19ŋǒȖȏŎǙ DehalococcoidesǙǾ 14-23 (ȑ 3.3)�
ÍǶ DehalococcoidesǙǾ÷ 16S rRNAű~²vľƕN,ĝ���Ī (subgroup) 
ƅǾ	,¡Ü|ĝ Pinellas�VictoriaÛ Cornell 24	�Ʃ�Ĵ�ĪƅǾȖ，ƟǅƷ

­ɞô·ȜčĮĪ÷Ä� (û 3.1)�~�	Nikolaus ĢÀȐǢŷ�Ĵ�ĪƅǾƧ
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īŶ�ã4�	Ǯšƶ�ň�Ȳ4�á�¶ƣ (single nucleotide primer extension)	
NyņŨǇɵȒ#ĕ¦��� Pinellas�VictoriaÛ Cornell ǙǾ 25� 

Q�ǒȖȏŎ一ĹƟǅǙ Dehalobcter nŸÃ，«ǅ-}ö�Ė÷Ʒ­#�
1993�	DehalobacterżơƐTǅ�Ǝ÷ȏŎǫG³#Ƥ,ʋHÒ	N£eǅ�
ƎǷ�Ȍ�ƀÙù	ƈō�ĝȌ�ƽÐùǟ�一ĹƟƲÚª 26��ɏ÷ĕ	

Dehalobactor Ƶ�ÛÔEǋȱǬdöäDȲ-Ǚtd	Ȏĕ Sedimentibactor�
Clostridium�AcetobacteriumǏ 27� 

 

ȑ 3. 2ǒȖ/ķãȏŎƟǅǙɧǴɟ0ÔȌ�ƽÐùkǭȑ 2
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ȑ 3. 3Dehalococcoidesʠ (genus) #	19ŋ DehalococcoidesǙŋ,Z�
Pinellas�VictoriaÛ Cornell sungroup 
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� 3. 1Dehalococcoides"����
��� 

Group Pure culture uncultured Reference 

Pinellas 

Dehalococcoides mccartyi CBDB1 (AF230641)� 

Dehalococcoides mccartyi BAV1 (AY165308) 

Dehalococcoides sp. KM-2005 (DQ116042) 

Dehalococcoides mccartyi BTF08 (NR102515) 

Dehalococcoides sp. FL2 (AF357918) 

Dehalococcoides sp. JN18_V12_B (EF059528) 

Dehalococcoides sp. JN18_V108_B (EF059530) 

Dehalococcoides sp. JN18_V4_B (EF059527) 

Dehalococcoides sp. JN18_A30_B (DQ168646) 

Uncultured Dehalococcoides sp. KB- 1/VC (AY146779)  

Dehalococcoides sp. enrichment culture clone CT2 

(JF698642)  

Dehalococcoides sp. DG (JQ627628)  
11, 14-17, 28-

32
 

Victoria Dehalococcoides mccartyi VS (NR_074326)  
19

 

Cornell 

Dehalococcoides mccartyi AD14-2 (KC342961)  

Dehalococcoides mccartyi AD14-1 (KC342960)  

Dehalococcoides mccartyi 195 (NR 074116)  

Dehalococcoides sp. ANAS1 (HM241729)  

Dehalococcoides sp. ANAS2 (HM241730)  

Dehalococcoides sp. MB (EU073964)  

Dehalococcoides sp. clone DhR^2/LM-C07 (HQ012838)  

Dehalococcoides sp. clone ANAS (DQ855129)  

 
18, 20, 22, 23, 

33, 34
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3.3�ȟ"Ǜ�Ĥ˝ġ 

�,Z­ň;�Ĥ˝ġʩ¯ʶǷ��Ɩ2ţ©§hĦ�Ĥ˝ġ̡月Þ̽Ň�

­ňȍËȺ¸Jʌȣ˝ġȪÏĦH˘ (¡6­ňĤ/ĉǠĤ凸Ĉ3­ňĤƐĎ3
˩˛ɶ3ǈāī3Ǟ�元F (力ɘ)3ƈH日ųɶ¶3pH ďÚÿ日ųǯȆK尤Ħ
Ĥˎ) Jɏ�Ĥ (ɏ�ĤȶɢȮʇ3ɏ�ĤŔĎ) ɫſ 354 

3.3.1 �ʰ引一;ĤǝH˘ʴ̲�Ĥ˝ġžǜ 

ǖgS�力ɘJƝɂ÷ɘkĵɁS�Ħɏ�Ĥȶɢ�ı4David śâɼɅȧ
Ǟǖgðʧ (lactate)3˦ ʝ (molasses)3ɋ。 (soybean) 也SǖgĦǆÿǬ�Ūɧ
PCEɳȪ:2ɏ�ĤƳ也Ħĉɭż©Ė̹ĦS� (ɽ 3.4)4McLeanśâɼɅǸ
ŤK尤ʺÃ�+ʎS�力ɘ (FÁŕðǗ (whey)3SÊŗūŔĎ內ĦðHğ3Ê
ŗūŔĎ內ĦðHğ) Ɂµ�Ĥý化2Ⱥ¸ TCEŪɧžǜ4ȮėȧǞǖgðǗ力
ɘĦK尤ʺkɲþÍ�ǯȟǠ�"Ǜ2ǖgSÊŗūŔĎ內ĦðHğĦK尤ʺp

©ȂFǯȟ (ǭˤ³ c-DCE也 VC)2ǖgÊŗūŔĎ內ĦðHğĦK尤ʺĸp©
NȂFǯȟ (Ǡ�<5% c-DCE595%TCE) 364Ǡ�ǭˤ c-DCEĦK尤ʺȧǞ也+
ʭ̰©̡ 372°ǖgðǗĦK尤ʺ©ĿǂĦ日ų引一°Ǡ�%ʭ̰3ǤHĤ3�

́ĄƉ 37, 384ɏ�ĤTū2ß!K尤ʺȃ©Ưȣþ Dehalococcoides subgroup 
Pinellas2¼p©ǖgðǗĦK尤ʺ©Ưȣþ Dehalococcoides subgroup Cornell4
ƐÁĦŇ2Ã�ÅƀĈɂʚ��̠片K尤 (Real-time Quantitative Polymerase Chain 
Reaction, QPCR) Ưȣ tceAƸ�3vcrAƸ�J bvcAƸ�2ȧǞ tceAƸ�Ą bvcA
Ƹ�也 TCEŪɧà©̡ǼĎ2TCEŪɧp也 vcrAƸ�Ç�ř̡Ď 374�Ĕ̀ʂ

þǖgðǗĦK尤ʺɓǠ��́2�ƀ�ʺ:Ưȣþ�́ȶ Methanospirillum3
Methanosaeta3Mthanosarcina3Methanobacterium4ɳjS̥̞ʁ�́ȶ�日ųǯ
ȟK尤Ħ引一:Ù入Ħ，´řɝ�B2Sɍk也ǯȟȶř=他ģ2�́ȶ�Ɲ�

ǯȟK尤:Ù入Ũţ，´ïkȗõʙbąJ�ı�3Ȳǯȟȶ 39-424os2Đ©

K尤ʺ DehalococcoidesȶɢĦ̓ȏĽŇŹS�Ħ2¼ŪɧžǜĹ©Ė̹ĦS�2
ȧǞǖgðǗK尤ʺ:£� Clostridium ȶɢ2Clostridium ȶɢŇ充ĔǯȟȶĦ
 乙·2Ɂµ©勻Ĥȧ士Ǡ�"ʧJǔƇõȲǯȟȶô� 42-444o!Tū2ǖg

ðǗĦK尤ʺ引一ɮŕ˰ȡ2kȗõÜ�BĦɏ�Ĥ�£2Ǻ.̺̞Ŀ�S̥ȗ

þǯȟȶ也ûbɏ�Ĥ=ȔŪɧžǜ土Xȋ!ƅƗȶ  274
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�ʰ�ȟ"Ǜ­ň下ɚ�ĤȒäÖǴ6ľ�ǯȟȶ�二ʖȱ 

 
12  

ɽ 3. 4Ã��ɘƸ�̻ (metagenomic) ÖǴǇƟǖgS�力ɘŪɧ PCE2ɏ�
ĤhƝƳ也Ħĉɭż 

į 3.2 ŕS�ǯȟɏ�ĤȈó�ıĦ pH Ů2Geobacter lovleyi SZ3
Desulfitobacterium sp. Y513Desulfuromonas chloroethenica TT4Bˏ��ı�:Ď
ưʧĦ引一 (pH 6.5~7.5)2Sulfurospirillum multivorans ˏ��ı�:Ďư̾ (pH 
7~7.5) 2 ° pH6.8~8/6~8 ; Ʉ ȃ ˏ � Desulfuromonas michiganensis 
BB1/Dehalococcoides mccartyi �ı4Zhang śâɼɅÃ�GŒ¦ɻƈ­」Ð 
(anaerobic sludge blanket, UASB) ǲǝ TCE山Z2ɝ pH<7.0Ȑɓʴ̲ TCEĦǲ
ǝžƝ4Ã� illumiaƩǻɂĈÏśầʂS� pHɩȪ (pH 6.036.537.037.53
8.0) ʃjƧ TCE žƝĦʴ̲;Ȯė̹�2 pH6.0 ƀà©Ưȣþǯȟȶ
Dehalobacter^ TCEjƧǜpɲ 80.73% (ûbƀȪ2TCEjƧǜ>85%aG) 454

o!śâȧǞ2pH5.5Ą pH7.2引一,Ħɏ�ĤȶɢȮʇ©Ŀ2ĦS� (į 3.3)2

上傳時間：2018年12月21日下午 04:31
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pH5.5ƀ_ţŇ˓ Sulfurospirillum multivoranskƾ PCEǯȟ³ c-DCE5� pH7.2
引一,2Dehalococcoidesŕ˰ɎĦǯȟȶ2ï^ƾ PCEÍ�ǯȟǠ� Ethene 464

�«2pHŮĦÛ包Ȑɓʴ̲引一:ɏ�ĤĦǬ§2Ɂ°ʴ̲ TCEĦÍ�ǯȟž
ǜ4 

 
į 3. 2ǯȟȶȈóˏ��ıĦ pHŮ 

Bacteria pH range Reference 

Geobacter lovleyi SZ 6.5~7.5 5 
Desulfitobacterium sp. Y51 6.5~7.5 47 
Desulfuromonas chloroethenica TT4B 6.5~7.4 48 
Desulfuromonas michiganensis BB1 6.8~8 48 
Sulfurospirillum multivorans 7~7.5 4 
Dehalococcoides mccartyi 6~8 12 

 

ɠ�Gŧk心ɧƾ TCE Ɂµ日ųǯȆK尤Ħɏ�Ĥ2ȂFŕűĎɻƈɏ�
Ĥďȯʃɻƈɏ�Ĥ2ƈƇŇSÃĔǺñɻƈɏ�Ĥ�ı/�£Ħ4©śâȺ¸Ê
Dehalococcoides mccartyiȶɢ�S�ƈˡĽ (0~7.2 mg/L) ,ʃ TCEŪɧžǜ2
Ȯė̹�ɝƈˡĽȗƩƀ2ƈƇɓċ予 TCEǯȟǽǜ4Ã� QPCR̀ʂȧǞ tceA
Ƹ�įǞʃƈƇ©ɮƩĦŵÒ(2řK�2vcrAƸ�įǞɮŵĕāþƈƇˡĽʴ
̲2ƈƇˡĽȾƩ2vcrAƸ�įǞɂȾ¾ 494 

上傳時間：2018年12月21日下午 04:31
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į 3. 3Ã�ƩǻɂĈÏ̀ʂS� pHŮ引一,ɏ�ĤȶɢȮʇ 46 

Genus 
% of sequence 

pH 7.2 pH 5.5 

Dehalococcoides 22.6 0.0 
Acetobacterium 57.6 0.0 
Spirochaetaceae uncultured 4.6 0.1 
Caldisericum 4.2 0.1 
Desulfuromonadales BAV18 2.6 0.0 
vadinBC27 1.1 0.0 
Desulfovibrio 0.1 33.0 
Sulfurospirillum 0.2 25.2 
Megasphaera 0.0 19.9 
Propionibacterium 0.0 1.5 
Pelosinus 0.0 1.00 
Others 7.0 19.2 

Total 100 100 

�,ZĦ­ňH�ĤĿƿ·ˬȵǤʧ̿ (ˡĽ 0.2~30 mM) 50, 514Ƿ�śâ̞

ʁǤʧ̿ (sulfate) ɓʴ̲ÚÿǯȟK尤ďŇ公ŠH�ĤǯȟSÍ� 52, 534Ȉİ

©śâȣɩȧǞǤʧ̿ˡĽȗƩþ 5 mM SɓÚÿǯȟȶ Dehalococcoides 
mccartyi 1953Ǥʧ日ųȶ Desulfovibrio vulgaris Hildenborough J�˶ȶ
Syntrophomonas wolfei�ıďĉ4¼ǤHĤ (sulfide) Ĺɓʴ̲ Dehalococcoides 
mccartyi 1953Desulfovibrio vulgaris HildenboroughJ Syntrophomonas wolfei�ı 
(ɽ 3.5)4ɝɶ3ȗõī©ũƀ2�!ĈȪĽĦǤʧ̿ˡĽ, (2 mMJ 5 mM)2
Dehalococcoides mccartyi 195Ą Desulfovibrio vulgaris HildenboroughȶɂXöF
Áŕ 1:1也 1:32Sɓʴ̲日ųǯȟK尤4ȥ°2ɝɶ3ǈāī (¡6TCE) ŕũ
ÿ�3ƀ2ēA 5 mM ĦǤʧ̿Ȑɓʴ̲þ Dehalococcoides mccartyi 1953
Desulfovibrio vulgaris HildenboroughJ Syntrophomonas wolfei�ı 544 

 

 

上傳時間：2018年12月21日下午 04:31
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ɽ 3. 5Ǥʧ̿JǤHĤʃ 195 (Dehalococcoides mccartyi 195)3DvH 
(Desulfovibrio vulgaris Hildenborough) J S.wolfei (Syntrophomonas wolfei) Ħř=
ʴ̲ 54 

上傳時間：2018年12月21日下午 04:31
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3.3.2 ɏ�Ĥ;Ʉ�=½� 

�ķȄɟȐ©ȗþūʃ五̗ĦH�Ĥţɲþå Ħǯȟ§žʩţ�BĦɏ

�ĤȶɢƳ也4a�ȟ"Ǜ°、2³Nʩţ©+乎ȶɢɁµFP�½2Ǧ!乎ȶ

ɢ-ǯȟȶ (¡6Dehalococcoides) _ţɁµ日ųǯȆ½�2ƾ�ȟ"ǛĦȟĀc
§ǔ5Ǧ%乎ȶɢ-ȧ士ȶ (¡6Clostridium) ƾ©勻Ĥȧ士Ǡ�ǔƇJ"ʧ2ǔ
ƇȗõȲǯȟȶĉ�ı5Ǧ+乎ȶɢ-元FõȲȶ  (¡6Sedimentibacter3
Veillonellaceae) kȗõʙbą B12ȲSƝ�§ B12Ħǯȟȶ4ɽ 3.6ŕ�Ǥʧ日
ųď�́ȧ士ĥĠ,2ÊȟH�Ĥʩţ�Bɏ�ĤɁµŪɧ�ɐɽ4Menśâɼ
ɅÃ� metagenomic J metatranscriptomic ÖǴ̀ʂSǖg&Pʙbą B12 ïa
ðʧɝ½ɶ3ȗõī2TCEŪɧĦɏ�ĤȶɢȮʇ2ȧǞ!Ƀć Sedimentibacter3
Veillonellaceae©ɮƩĦ̓ȏĽ2ùLŁ2Sedimentibacter3VeillonellaceaeȶɢĦ
̓ȏĽǾʉ,Ū2ˬŁ2Dehalococcoides ȶɢ̓ȏĽRɃćǾʉʯg2̹�
Sedimentibacter3Veillonellaceae ȶɢkƝÙ入ȗõʙbą B12 Ħ，´ 554Mirza
śâɼɅȗõðǗɝ½ɶ3ȗõī2̼ ChlostridiumȶɢɁµȧ士Ǡ�ǔƇɬ"
ʧ2ǔƇ�̼ DehalococcoidesȶɢÃ� 384o!Tū2��ȟ"ǛŪɧȁż:2

kȧǞ©ñǯȟȶŇŦǹƩȟʷĦȟ"Ǜ (¡6PCE3TCE)2©ñŦǹ¾ȟʷĦ
ȟ"Ǜ (c-DCE3VC) ĦǯȟK尤 (ɽ 3.7)4�«2�BĦɏ�ĤʃĔ�ȟ"ǛĦ
�Ĥ˝ġŇ©少ÄĦ4 

 

上傳時間：2018年12月21日下午 04:31
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ɽ 3. 6��ȟ"ǛŪɧɳȪɏ�ĤɄĦ�=½� 35 

ɽ 3. 7 (A) Ã� Dehalogenimonas (Dhg) Ą Dehalococcoides (Dhc) �ƺ元ƾ
1,1,2,2-TeCAĄ 1,1,2-TCA̔Ț³"Ǜ (B) ©勻Ĥȧ士ȗõɶ3

上傳時間：2018年12月21日下午 04:31
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3.3.3�ĤȒä;ȶřʌȣ 

²ȥ0以引一:£�hƝ�ʸHĦɏ�ĤǏɢ2ûʎ乎也ʷɂˬ引一ǒ�J

©勻Ĥã�也ˡĽ°ÇǞˣƐĦĩɢȮʇ (community structure)4ɝ0Zā©勻
­ňƀ2ǿ§Ŋ乎ȶɢ�kFɧÃ�ɨ­ňĤ°2ɂ�ıď�­ňĤŏĎ3引一

包ǡ公ŠÚÿ°Ɗt2ôǃĩɢȮʇÛ包4�«2Ǟ�ɏ�ĤĦĩɢȮʇď�ʸ

Ďka½ŕ­ňƐĎŃʹ;!2ɧĘɏ�Ĥ�ʸĎka心ɧ­ňȍËŇÆˏ�ǌ

��ĤȒäÖǴ2Ⱥ¸Ȓä�ɆŎɁµ3JȒäɳȪŇÆÍ§4 

Ǟ��ĤȒäÖǴÅŇÃ�引一:£�kFɧ­ňĤĦȶɢ2a²ȥďgǂ

ʯ�Ħȶɢ½ŕ引一²ȥǚHĦRŎ2�kĔ­ňĤ才止ɦd2ɂsɘŔĎȶɢ

ďľ升Ǟ��Ĥ˸2ɲþÓǽjƧ­ňĦ�Ħ4�«2Ǟ��ĤȒäÖǴŇˬȍ

ËƐĎS�°©S�ĦŅƭT¦2Ƨ$�,ZȍË­ňɘ也ȍËƐĎ{Ɋ7Ǘɕ

�ȕȘ3心ɧ2ȥŁFĘ­ňȍË7ȧ�Ħ�ĤFɧȪÏʎ乎4�ǿ§ʃ&̻Ʈ

ǁ3引一SkǈāĦŬ天ŮďȿeĞǶʹɚ;ķ2Ǟ��ĤȒäÖǴȈŨţ�Ň

ȕȘ”ˌ”Ň̡月ŃʹȶɢJʌȣ̡月ȶɢĦŔĎ3ʷɂ也F¿2aǗɕ�ŷ�Ǟ
��ĤFɧkȢ¾­ňĤˡĽ4�«2Ǟ��Ĥ˝ġïSŇp©ľ��ʹ­ňĤ

ĦƱ二包HĄŪɧȪĽ2.ţƥʃř̡Ħɏ�ĤɁµƯȣĄʌǆ2¡«RƝĖ不

心ɧ¬ňĤ也Ūɧɏ�Ĥ;ɄĦ̡Ķ2Ⱥ¸�ĤȒäTƃŇÆ©ž4 

ʌȣ引一:ɏ�Ĥ�ʸĎĄĩɓȮʇhƝĦTĞ2kF§aƺ元ŕ_ 
(culture-dependent) ĄSʩƺ元 (culture-independent) ù乎4ƺ元ŕ_ĦFĘTĞ
_ţŇFĘɏ�ĤĦS�Ļ二3ĉĄ�ǝƐ已2viÊÃ�Ć二ƺ元ƸF̖Ą

ƺ元 563most probable-number (MPN)-style liquid assays 57 Ą�ǝ凸ĈĞ (Biolog 
substrate utilization plates) 58 Ȭ4Sʩƺ元ĦȶřFĘTĞĸŇaɏ�ĤĦǳ�ˎ3
˼ƜʧĄƂʧ (DNAĄRNA) ȬF3ʹƞŕ�ʹ÷FĘ4řʃĔɌǪɏ�Ĥƺ元3
F̖3凸Ĉ2aF3�ĤÖǴFĘ0ZȶɢȮʇ2Sɍ˽Ȩʁ̺ƀȪ2ȢNƺ元

Ƹʃȶɢ˩˛ĎĦʠŹ2ÜƝƓ�ǙA˵ȸɏ�ĤĩɓȮʇ2ȗõ�ĤȒä分½3

又ǝJ�ĤȻ̋ĦƠŽ4ȈƿFĘĦF3ʹƞ (molecular marker) ŇƂ̻̆Ƃ̆
ƂʧƸ� (Ribosomal RNA gene or rRNA gene)4Ã�rRNA geneɝ½F3ʹƞ2Ƿ
�F3�ĤÖǴka�ĔȻ̋²ȥ引一:ɏ�ĤȶɢȮʇ3F¿3ʷɂ3hƝJ

Ʊ二4引一ȶɢʸ~¡0以ȶɢď�,Zȶɢɠɳˏɝǫşˡ˽ŁaĤǝďH˘

TĞȴĀ2ǃþĐ©ȶɢĦ手RNA ď手DNA4a16S rRNAƸ�ŕF3ʹƞ2ɠ
ʚ�士ƖǼ片K尤 (PCR) 也ƽ!ĎP32ɂ五ʞ16S rRNAƸ�[Ŏ2Ã�F3
˩ȝ (Molecular Cloning) ĦT¦2ƾȖA16S rRNAƸ�[ŎĦɯ̻̔ȝþȊ�

上傳時間：2018年12月21日下午 04:31
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ǫş:2�aDNA²ƱĈÏʬ (DNA auto-sequencer) 出e16S rRNAƸ�ĦÏ�4
ǃþĦÏ�ɫƠɁ!Þ也Ƹ�źɁµř»ĎXʃŁ2ľʇ˨ɘ̡Ķ˞Ñɽ4˞Ñ

ɽ:ř»ĦƳ¯Ï�ɫſ2ȗõɏ�Ĥ凸Ĉ3ɏ�Ĥ�二hƝJȶɢǬ§ĦƠŽ4 

Ƅ˚ 16S rRNA Ƹ�Ï�ɫſź2FĘʐ止ũÿ[ŎıĽ�ĻĎ (terminal 
restriction fragment length polymorphism, T-RFLP) ŇÓǽȶřFĘĦȈɒÃ六 594

T-RFLPĞŇÃ�ǀ©˧�ĎňſĦP32ɠ PCR 五ʞʸĺ:Ħ�ʹƸ�[ŎŁ2
PCRǠĤǵũÿ士ƖFɧ§Ƿ�ɏNĦ[Ŏ2ȈŁÃ�Yǫ又ɶ「Ļ;²ƱĈÏ
ʬȣɂǀ©˧�ňſƸ�[ŎĦıĽJ˧�ǂĽ4�ŕƸ�Ï�Ǭ§S�2S�

ȶɢɓ©S��ʐũÿ[Ŏ (terminal restriction fragment, t-RF)2ɶ「ɽGĦ�ʐ
ũÿ[ŎF¿2Ñ§ȶɢȮʇˣƐĦŃƕ且4a T-RFLP ĞFĘȶɢȮʇ2ÖǴ
Gřɝŵĕ3Óǽ^ʁ̺Ȯė�ǞĎƩ2�«kɚ不�ʌȣȶɢȮʇĦ包Ʊ4 

S̥:.©SNśâŇƥʃ�ȟ"ǛĦ­ňȍËɁµɏ�ĤǏɢˋō4

Alameda Naval Air StationŇŞƶřɝȵ�Ħ�ȟ"Ǜ­ňȍË2«ǲô�ðʧȈ
ŕɶ3ȗõīɁµ˝ġ2ïȧǞ+ȟ"Ǜ世ĈɁµǯȟK尤�§%ȟ"ǛĄȟ"

Ǜ4ɠɳ�¥ˋō2«ȍËɏ�ĤǏɢ�˝ġg̜ķŁïȤ̹ȵŹǡ2cį«ǲ

ɏ�Ĥ�二řɝ世Ĉ2a T-RFLP FĘȮė_ţŚþ Dehalococcoides3
Desulfovibrio Ą Clostridiaceae Ǐ ɢ  ( ɽ 3.8) 5 FISH F Ę Ȯ ė ĸ ŕ

Cytophaga/Flavobacterium/Bacteroides (CFB) ǏɢĄ High G+C Gram-positivesɏ
�Ĥŕ_4os2½ī�śâ:ǋˍ%ȟ"ǛFɧ³"ǛkƝ日©

DehalococcoidesasĦɏ�ĤħǈďɄǈɁµǯȟK尤 604os2ɳj�ƶśâ

&ŴS̋ƥʃǯȟȶɃȧƽ!ĎĦƯȣÖǴ2û:a÷²ɜ1� Holliger子公Ħ
ɼɅ� real-time PCRĦTĞɃȧȈŕȵ�4HolligerɼɅa0以:ƿæĦ+ƅǯ
ȟǏɢ Dehalococcoides3DehalobacterĄ Deselfitobacteriumŕ_ɃȧĈɂF�Ö
Ǵ4 
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ɽ 3. 8a T-RFLPɁµ�ȟ"Ǜ­ňȍËɏ�Ĥ�ʸĎFĘ 60 

2007¥~ɼɅȧŷe!ɈÓǽƯȣɏ�Ĥřʃ̓ĽĦĈɂF�ÖǴ2十ŕɆ
ʰ¦丁Ƃ�ʧP3ċ¹ÖǴ (̑十 HOPE)4�ǺŰÖǴ:ÔůǸŤ�ʎS�ıĽ
^FÁú©S�Ɇʰƽ!ĎĦ丁Ƃ�ʧP32�K尤ɗǕ:gA˧�ĎĦ ddNTP2
ȥŁÃ� DNAʚ��ŔĎôǺñ�ʹƞĦP3� 3’ʐʐ止¶ɡċ¹e!Űǀ©
˧�Ħʹƞ̾Ƹ2ɠɳ+ɆŎĦ才ȓ引ôǺñǀ©˧�ʹƞĦƽ!ĎP3ʷɂʯ

g2ȈŁaYǫ又ɶ「ɵŶʢ公˧�ʬF̖ǺñS�ıĽĦʹĈP3ïƯȣû˧

�ʎ乎也˧�ǂĽ2a�ƀFĘʸ~:�ʎ�ʹȶɢĦ˨之；F也ûřʃ̓Ľ4

HOPETĞ分½̑ȋ2!ªÍ˝ĦŒȪpʩĭȽSþ 90F̬2�ú©Ʃƽ!Ď3
ǎɑĽ3aJȋ!̾Ƹ及ƤʃĦ凸Á(4~ɼɅǸŤ HOPEĦǯȟȶƽ!ĎP3
i Ê Dehalobacter 3 Desulfitobacterium 3 Dehalococcoides Ą Geobacter 5
Dehalococcoides ªţǏɢ (Subgroup)  Cornell3Victoria Ą Pinellas (ɽ 3.9)2Ư
ȣā�ȟ"Ǜ­ň�,Z:ǯȟȶĦ̓ȏĽ4 
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ɽ 3. 9Ã� HOPEĞƯȣ�,Zǯȟȶ-Dehalobacter3Desulfitobacterium3
DehalococcoidesĄ Geobacter5DehalococcoidesªţǏɢ Cornell3VictoriaĄ
Pinellas 

ǫȶ DNA Ï�: 16S rRNA Ƹ�ú©!ĈĦƸ�※¤Ď^ıĽˏ
:  (ŝ 1500 bp)2ˏ�ɰ�ĔȶʎĦ凸Ĉ2Ã�F3ÖǴFĘȶʎĦ
DNA Ï�ƾkȗõÜɚ不Ħ凸ĈȮė4ɌǪ Sanger ĈÏĦũÿŇ分½
ɮŕ˿ʋ2^ȤĞ�ƀǲǝ2ɂʸĺ4ª]cĈÏ  (Next Generation 
Sequencing, NGS) ú©ƩǻɂĈÏĦ˰止2û˰ɎŇƝ�ƀ˹ǃ2ɂ
ĦĈÏɫſ  (ŝ 10 ɞ ~1000 ɞȭɫſ )4ƿæĦª]cĈÏzq©  
Illumina (Miseq/Hiseq) J ABI (Iron Torrent)2�ķa Illumina ô�Ȉ
ʲĢ4Ƅ˚ 2007 ¥ Wang ɼɅśâŃe2ɠ�ª]cĈÏǃþŝ 400
ĦÏ�ıĽĔĲ  (phylum)3ʗ  (class)3�  (order)3Ŝ  (family)3充  
(genus) ,2凸ÁǜFÁŕ 99.8%399.2%397.7%394.6% 也  88.7% 6 14  

Ǟ@2©Ƿ�śâīʲĢ�Ã�ª]cĈÏÖǴǇƟ�ʎ引一2

ö¡60以  (soil)3̦5  (mine)3ƌʘá  (sponges)3& /ƱĤɣɱȶ  
(gut)3ƌő  (ocean)3²÷Zǲǝ工  (drinking water treatment plant)3
山Zǲǝ工  (wastewater treatment plant) 3ƄƵ  (root)3ŔĎ­」  
(activated sludge)3əŐ  (hot spring)3Ċ」  (sediment) 3§&/ȳ  (oral) 
:Ɠȶ3ǫȶJlǫȶĦɏ�Ĥ�ʸĎ  62 -704  

 

上傳時間：2018年12月21日下午 04:31



�ʰ�ȟ"Ǜ­ň下ɚ�ĤȒäÖǴ6ľ�ǯȟȶ�二ʖȱ 

 
22  

�ķƶs7©Ƿ�Ƥ�ª]cĈÏÖǴʌȣ引一­ňĤʃ引一ɏ

�Ĥ�ʸĎʴ̲Ħśâ4ÊȟH�Ĥ­ňTū2Ưȣıțā�ȟ̀Ţ  
(polychlorinated biphenyl, PCB) ­ň0以ȧǞ7uäeú©ŪɧƝ(
Ħɏ�Ĥ  (¡ Rhodanobacter3 Burkholderia3 Pandoraea3 Dyella3
Pseudomonas) 714os2̘sǖgŌ�  (naringin)3Ăƴʧ  (caffeic acid)3
比̌Ǜ  (limonene) ©ÄĔ�Ĥý化2ôŪɧȶƅ -Hydrogenophaga3
Burkholderia3Pseudoxanthomonas k̹ȵ��ı  7 242013 ¥2Kotik Ȭ
&�rȟ"Ǜ  (tetrachloroethene) ­ňȍËkƯȣkƯȣ̓ȏĽ 1%
aGĦɏ�Ĥï×e%ȟ"Ǜ  (cis-1,2-dichloroethene, cDCE) ƊHȶ
-Polaromonas2ɻƈȆƖăÉȶ -Geobacteria JƳ也�ĉ勻ÿĦ  
Burkholderia 也 Methylobacter 734GŧȮėÜf̹Ã�ª]cĈÏÖ

ǴɲƩǻɂ也引一ɏ�ĤʌȣĦ˰止4  

~ɼɅɳjÃ�ª]cĈÏÖǴXɮ0Zʸ~ɏ�ĤFyĦŹǡ

Ď2Ȯė̹�0Zʸ~ĦķǲǝTĞ2ďŇ0以̉ǨĦˡĽƾʃª]cĈÏ

Ȯėǿ§Ŀ̹ȵĦʴ̲ (ɽ3.10)2̹�ǌʸķǲǝĦŹǡɓĖ̹ʴ̲F3�ĤF
ĘĦȮė4 

ɽ 3. 100Zʸ~S�ķǲǝTĞĦɏ�ĤǏɢFy 
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ɳj~ɼɅÃ�ª]cĈÏÖǴǇƟ�ȟ"Ǜ�,Z­ňȍË

ȶɢȮʇ也日ųǯȟ̓ȏĽ2Ɂ!Þľ��ȟ"Ǜ­ňĦɏ�ĤŃ

ƕ且也­ňŃʹȶɢɫſź2ȮėȧǞpţȍË©+ȟ"Ǜ­ň2Ȥˍ

­ňȪĽ2ûɏ�ĤĦǬ§ƾɓXɮř» (ɽ 3.11)2«FĘȮė̹�ɏ�Ĥ
ǏɢȮʇka½ŕ0ZƮǁ (©/Ȥ­ň) ĦŃʹ4 

ɽ 3. 11TTȍË:FÁcį¾ (Ȥ)3:ĄƩˡĽ�ȟ"Ǜ­ňʸ~Ħɏ�ĤǏɢ
Fy 

ǺñF3�ĤÖǴ7§ŕǞµ凸Ĉ3Ȼ̋3ʌȣ引一ȶɢ;”ʹɚ”T
Ğ2ö¡ŔĎ­」ĦȶɢȮʇĦFĘ  743ȰĥȶĦ凸Ĉ 75, 76 aJ引一:
ŠƒĎɏ�ĤĦ˵ȣ  774ɰ�«ÖǴkʃɏ�ĤȶɢȮʇɁµÜ�ūĎĦF

ĘȮė27PƢ引一ɏ�Ĥ˘śâüˁǥ̔ (Paradigm shift)4Ƿ��ĤŜÖEn2
ö¡Roche3IlluminaĄApplied BiosystemsȬśȧeS�Ñ¦ĦHTSÖǴǋexȍ
;Ł2HTSĈÏÖǴ72ɂ�尤���śâ子ƷS�引一ʸ~ĦȶřFĘ2Ǿʉ
ĀcɌǪĦ̔ȝĈÏ3DGGE3TRFLPȬFĘÖǴ4 
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(r) śâTĞ也ɳȪ 

4.1ŋǸǼ̯ɻƈK尤ʺ 

~ŤȦƥʃ+ȟ"Ǜ£�Ĕ0以:ĦƐĎ2ʻ˴仍ā+ȟ"Ǜ­ňĦ˝ġȍ

Ë2˶ǿe+ȟ"ǛĔɻƈǒ�,也ɏ�Ĥ;Ʉ引一2ÎǐÇǞeǞ��Ĥ日ų

ǯȟ�ǖg̜內ĦɳȪ:ʃĔ�ȟ"ǛĦŪɧǅ一2ï¯ʶ̜內ĦˎɌ3ZˎF

Ę也ɏ�ĤFĘȬ�Ɩ2ŋǸ+ǬɻƈǯȟK尤ãǪ2ǇƟǖgS�力ɘ2日ų

Ďǯȟȶɢ包HJŪɧ+ȟ"ǛĦ̡̀Ď2aJK尤ʺC�ȶřƱ二也+ȟ"Ǜ

Í�ǯȟžǜ;̡Ķ2K尤ʺǸŤaɏ�Ĥɹ元3K尤3ʌȣ3ǌʸFĘ3ˋ˝3

¨ɇȬhƝŕeȧ止4 

ɽ 4.1ŕɻƈǯȟK尤ãǪ2+ŻK尤ʺFÁŇ EOS3AS也MS2ǖgĦ力
ɘòÏʃ尤ŕðHğ3"ʧ也˦ʝ2ǆÿK尤ʺC pHŮ※ł� 6.2-6.5ĦˁȌ:2
ßǬK尤ʺƤȇ!Ű 2EIƸˎǑ36EIK尤ʺ (P½̻ˤ 5EI) (į 4.1)32
EI山ǕǑ3代Ʊƨɲ (MasterFlex C/L)3加đ六3ǠƇɂ¨ɇãǪ2ï©os!
Ǭ代Ʊƨɲ�ƀŦǹ+ŰK尤ʺɁŒ+ȟ"ǛɸĄɗǕ (1100 ppm) ĦP½4 

į 4. 1K尤ʺǸŤƳʷ 

K尤ʺcɥ 
手̻ˤ  

(L) 
P½̻ˤ  

(L) 
ǟȅĪɄ  

(L) 
力ɘ 

EOS 6.0 5 1 ðHğ 
AS 6.0 5 1 "ʧ 
MS 6.0 5 1 ˦ʝ 
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ɽ 4. 1ɻƈǯȟK尤ãǪʇǿɽ 

~ŤȦȶʎ÷ɘŕ�,Z­ňȍËǘ�ŁĦ­」2�ķ7不ʟ�Ǻ­」:©

ǯȟȶĦ£�2a«½ŕK尤ʺĦȜʎɘ4ɻƈǯȟK尤ãǪʻ˴仍ā+ȟ"Ǜ

­ňĦȍË引一2ǌ�+ȟ"ǛɸĄɗǕ (1100 ppm) ½ŕ+ȟ"ǛĦ­ň÷ɘ2
ïĔK尤ʺCǖgƸˎ2ĵɁɏ�ĤɁµǯȟK尤2ƸˎƤTiÊ$ 200 mg C/L
力ɘ (EOS6ðHğ5AS6"ʧ5MS6˦ʝ)3Ƹ水ƺ元Ƹ (NaCl3MgCl2·6H2O3
NH4Cl3KCl3CaCl2·2H2O)3ǂ日ų內 (Na2S·9H2O)3ɏɂBƖ3ɻƈŃ�內 
(C12H7NO4)3予互ɗǕ (K2HPO43NaH2PO4·2H2O)ȬʷCʎ̜內2Ƹˎ:ǖgĦ
˼ʧ予互ɗǕ (K2HPO4 也 NaH2PO4) �aǆÿ�ŰK尤ʺC pHŮĦ世Ĉ2{ţ
ƀRƱǖg NaOH (4N) 也 HCl (5%) ˋ˝³�ʹʷŮ4 

K尤ʺĦɰ½ʻ¦aǼ̯ɁŒĦT¦Ɂµʁ̺2�ɁŒƀK尤ʺƫq加đ2

a方À­」Œt4ɁŒkFŕƸˎ也 TCE ɸĄɗǕ2ƸˎɁŒƀɄŝ 2 Nƀw
m2ɁŒ̻ˤŕ 200 mL5TCE ɸĄɗǕ也Ƹˎ�ƀɁŒ2ɁŒ̻ˤò˚�ɆŎ
°©ĐS�4 

ŕ不ʟ也ˋ˝K尤ʺŇÆʙł�ɻƈaJǆÿĦ pH ŮĦ引一,2�Ƥȇ!

Ǭ pH sensor3ORP sensor也ʌȣ六 (SUNTEX pH ORP Controller PC-310)2ïô

�ƞ反六Ɂµƞ反2Ǽ̯ʌȣ pH3ORPʷŮ包H4ǸŤųǝŕÃ� sensorɁµ

Ưȣ2ƾ出ĀĦʷŮÇǞ�ʌȣ六G2�ƾʷŮɌƣ³ƞ上六Gƞ反2ß!Nƀ

ƞ反!ªK尤ʺĦ包H2不ʟK尤ʺCȂÇǞ;ƈH日ųĥ二也ʙł�世Ĉ; pH

引一4 

上傳時間：2018年12月21日下午 04:31



�ʰ�ȟ"Ǜ­ň下ɚ�ĤȒäÖǴ6ľ�ǯȟȶ�二ʖȱ 

 
26  

4.2K尤ʺǌʸ也ZˎFĘ 

ɻƈK尤ʺ分½ɳȪ2öµǌʸ�aFĘƇ̻3Zˎ2aJɏ�Ĥ̻FĘ2

ǌʸˮǜßɴ 3~4Lǌʸ!ª5¯ɂþɏ�ĤÃ�ƸˎɁµŪɧĦƀɄ2ûǌʸ
ƀŎǸĈŕƸˎɁŒŁ 15Nƀǌʸ4ǌʸĦÞ̽¡,6ɃǍ加đ六ÌG加đ 15 
minŁ2ZˎFĘ也ɏ�Ĥ̻FĘ手�ǌɇ 30 mLZʸ4 

~ŤȦƇ̻FĘɈ�iÊÊȟ"ǛÊɂFĘ3"ǛÊɂFĘ也Ƈ̻Ǭ§2Z

ˎFĘɈ�iÊșȧʧÊɂFĘ3©勻力ÊɂFĘ也̤ƍĆ̻包HɂFĘ4 

Zˎ也ɏ�Ĥ̻FĘķǲǝÞ̽¡,6ƾǌɇŁĦZʸa 8000 rpm̖Q 10 min2
GʰǕa 0.22 μm ɳ̏太Ɂµɳ̏2aƩžǕřʰĘ-�ǎ%Ƙ又Ʀ�Ưȣ六 
(HPLC-photodiode arrary) FĘșȧʧɁµșȧʧÊɂFĘ也 TOC (GE Sievers 
InnovOx On-Line TOC Analyzer 10020161) Ɂµ©勻力ÊɂFĘ4;ŁĒƪǕ̻2
gA RNA letter2ô�ļ/ˆƼļï※£­」Ĕ-20°C�中:4 

4.2.1Êȟ"ǛÊɂFĘ  

Êȟ"ǛÊɂFĘ�ĦŕǃĨ�K尤ʺǯȟ3Ūɧ3ǭˤĦǅÑ4FĘÊȟ

"ǛĐô�Ħʬ六ŕ GC-ECD (Agilent 7820A GC system)2kFĘ VC3t-DCE3
c-DCE3TCEȬrʎÊȟ"ǛˡĽ2F̖又ŉŕ DB-6242ɯŒƇ̻ŕȿƩƗȞƇ 
(ĚŶ/əĽŕ 180°C5˱(ŕ 11.1 psi5Œɂŕ 1 mL/min5Ǝ中əĽŕŕ 40°C2
10F̬2ßF̬IƩ 30°C2ħ³ 180°C2ƫƑ 4F̬5Ưȣ六əĽĽŕ 320°C5
口ÄŒɂŕ 30 mL/min)4Ā 500 μLdFǘ�ĦƇ̻ĚA GC-ECDʬ六:FĘ2
̀ʂƐĈ RTŮ¶ɡŇÆeǞĝŸ2ƾūˤcA˵ɂ˄�ǋ�ɈÊȟ"ǛˡĽ4 

4.2.2"ǛÊɂFĘ  
"ǛÊɂFĘ�Ħŕ不ʟK尤ʺC+ȟ"ǛĦŪɧɳȪ2ŇÆ©Ɂ!ÞŪɧ

³"Ǜ4FĘ"Ǜô�Ħʬ六ŕ GC-FID (SHIMADZU GAS CHROMATOGRAPH 
GC-2014)2�÷FĘ"ǛˡĽ2F̖又ŉŕ porapak Q2ɯŒƇ̻ŕƩƗȞƇ (Ě
Ŷ/əĽŕ 120°C5Ưȣ六əĽŕ 120°C5又ŉƎ中əĽŕ 80°C26 min5手Œɂ6
25 mL/min)4Ā 100 μLdFǘ�ĦƇ̻ĚA GC-FIDʬ六:FĘ2̀ʂƐĈ RT
Ů¶ɡŇÆeǞĝŸ2ƾūˤcA˵ɂ˄�ǋ"ǛˡĽ4 

4.2.3Ƈ̻Ǭ§FĘ  
FĘƇ̻Ǭ§ô�Ħʬ六ŕ GC-TCD (CHINA CHROMATOGRAPHY 2000)2

�÷FĘǔƇ3ȞƇ3�́3%ƈH力ȬrʎƇ̻2F̖又ŉŕ Carboxen-10002
ɯŒƇ̻ŕƩƗȠƇ (ĚŶ/əĽ670°C5Ǝ中əĽ6100°C5TCDəĽ660°C5
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ɶŒ660 mA5Ƈ̻Œǽ 20 mL/min)4Ā 500 μLdFǘ�ĦƇ̻ĚA GC-TCDʬ
六:FĘ2̀ʂƐĈ RT Ů¶ɡŇÆeǞĝŸ2ƾĝŸĦūˤcA˵ɂ˄�ǋ�
ɈƇ̻ĐºĦXö4 

4.2.4șȧʧÊɂFĘ  
FĘșȧʧô�Ħʬ六ŕ HPLC (Agilent Technologies 1260 Infinity)2�÷F

Ę�ʧ3"ʧ3\ʧ3ǡ#ʧ3#ʧ3|ʧȬDʎșȧʧˡĽ2F̖又ŉŕ BIO-
Aminex HPX-87H Column 300x7.8 mm2F̖ɗ內 (ǥƱř) ŕ 0.08 N H2SO4 (Ǝ
中əĽ660°C2Œǽ60.6 mL/min)4Ā 2 mLdFǘ�ĦZʸ2ô� 0.22 μmɳ
̏太ɳ̏2ƾǲǝŁĦZʸĚŶ³ HPLCʬ六ɁµFĘ2�ĝı 210 nm̀ʂƐ
Ĉ RTŮ¶ɡŇÆ©eǞĝŸ2ƾĝŸūˤcA˵ɂ˄�ǋ�ɈșȧʧˡĽ4 

4.2.5©勻力ÊɂFĘ  
FĘ©勻力ô�Ħʬ六ŕ TOC (GE Sievers InnovOx On-Line TOC Analyzer 

10020161)2�÷FĘ手力3Ȥ勻力也©勻力4Ā 10 mL dFǘ�ĦZʸ2ô�
0.22 μm̏ˆɳ̏2ȫ̫ 5ŭ2手̻ˤɲþ 50 mL2ƾǲǝŁĦZʸa TOCʬ六
ɁµFĘ2kǃĨ手力3Ȥ勻力也©勻力ĦˡĽ4 

4.2.6̤ƍĆ̻包HɂFĘ  
FĘ̤ƍĆ̻包Hɂô�Ħʬ六ŕĒƇƨɲ3r¶ʷLz也Ǝ中4ƾŖʽ功

ʙ̏ƚa%ªZɁµǗœŁïĒƪǕ̻2ēĔ介ʾG2ēAƎ中a 105°CƎƪ2
ǥAƪ˷中 30F̬2ĀeŁēĔr¶ʷLzƔŨ2ǃĨ̏ƚŨɂ2�Ŗʽ功ʙ̏
ƚòÏgA 2 mLZʸ也%ªZ2ƾÊ©ZʸĦŖʽ功ʙ̏ƚ2ɡĔƎ中a 105°C
Ǝƪ2�ªǥAƪ˷中 30F̬2ĀeŁēĔr¶ʷLzƔŨ2ǃĨ̏ƚŨɂ也̤
ƍĆ̻Ũ2ÅkǃĨ̤ƍĆ̻ˡĽ (mg/L)4 
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4.3P½ɁĽ�Ɛɽ�
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� (� ��� ��� ��� ȇ�

ȹ�

S̥ʜɇFĘ� � � � � � � � � � � � � �

ľ�ɻƈǯȟK尤ãǪ�� � � � � � � � � � � � �
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ãǪ�

� � � � � � � � � � � � �

Zˎʌȣ� � � � � � � � � � � � � �

ȴĀɏ�Ĥȶɢ��)� � � � � � � � � � � � � �

1��� Ĉɂ� � � � � � � � � � � � � �

��0 ĈÏ也2ʷ˚FĘ�� � � � � � � � � � � � �

ɏ�ĤȶɢʖȱFĘ� � � � � � � � � � � � � �

ț:ȎÈ� � � � � � � � � � � � � �

ț�ȎÈ� � � � � � � � � � � � � �
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ɷĈōƂ止�

ț:�
Í§S̥ʜɇ 
� ˂4ľ�ï世Ĉ分½ɻƈǯȟK尤ãǪ2

�ƀɁµZˎʌȣ̀ʂK尤ãǪŇÆ世ĈïÍ§ț:ȎÈ4�

ț��
Í§ �ǬK尤ʺ ��)ȴĀ31��� Ĉɂ3ƩǻɂĈÏ32ʷ

˚FĘJɏ�ĤȶɢʖȱFĘ也ț�ȎÈ4�

ʡĖ6�

P½Ɉ�ˊȸƽƃĎˎJʩţ²µťĈ4ɷĈɁĽaǩ˄į�ûƢ：Uț4�

7P½ɁĽ®FX8̮ĶŕƤ�又¯½ɔĐʩ2ǭˤ®FXˊȸP½ĎˎȐa,�Ɩ˛!¸

ŤťĈ6���P½Lʷ2���ɠȽ;FƤ2���P½ɂ;XŨ2�	�˴ɲ§�ʹ;ú̻ʷ¢4�

7ɷĈōƂ止82ˊ�ǒÑɽGʹĖ ǧɥ2ï�7ɷĈōƂ止8̮ú̻ȹĖ̡月ĎP½ţ

Ɉ4�
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(>) Ȯė也Ɵˍ 

5.1Ǽ̯ɻƈK尤ʺ分½也˄Gʌȣ 

5.1.1K尤ʺ分½Ƴʷ 

~Ťɺȶʎ÷ɘŕ�,Z­ňȍËǘ�ŁĦ­」2�ķ7不ʟ�Ǻñ­」:

©ǯȟȶĦ£�2�«½ŕK尤ʺĦȜʎɘ4�ʁ̺Ƀć;ķ2+ŻK尤ʺað

Hğŕ_ţõȲ力ɘ2ï^̼K尤ʺĦƈH日ųɶ¶ʙł�-400 mVG,2+Ż
K尤ʺĦ pHŮĸŘʙł� pH 6.2~6.54�分½ĦǦ-14þǦ 0LťŕȜʎȶɢˏ
尤ț2ßUɁŒ 400 mLƸˎõȲɏ�Ĥ�ıĐʩĦ力ɘ也ɏɂBƖ2ïɍ�Ǧ-
10Lǖg 60 mL TCEɸĄZɗǕ (1100 mg/L)2!Tūʙłɻƈȧ士ȶ也日ųǯ
ȟȶ;ŔĎ2o!Tū̼­」:Ħɏ�Ĥˏ尤K尤ʺĦ引一4ǄǦ 0L;Ł2+
ŻK尤ʺŰÁǖgÊS�力ɘ;Ƹ 2ˎÔůƾǖgðHğĦK尤ʺą�ŕ EOSK
尤ʺ3ǖg"ʧ;K尤ʺą�ŕ ASK尤ʺ3ǖg˦ʝ;K尤ʺą�ŕ MSK尤
ʺ5ßUƧ$ɁŒ 400 mL ƸˎõȲɏ�Ĥ�ıĐʩĦ力ɘ也ɏɂBƖas2�
ƀɓaɏɂ少Ƌ下ɚ�ɁŒ!Ĉ̻ˤĦ TCE ɸĄZɗǕþK尤ʺ;:4òɛK
尤ʺǖgS�̻ˤĦ+ȟ"Ǜ�kFŕrŰɩȪ2Ǧ!ɩȪŕǦ 0 ³ 13 L2ß
UɁŒ 15 mL ĦɸĄ+ȟ"ǛZɗǕ5Ǧ%ɩȪŕǦ 14 ³ 33 L2ßUɁŒ 30 
mLĦɸĄ+ȟ"ǛZɗǕ5Ǧ+ɩȪŕ 34þ 41L2ßUɁŒ 60 mLĦɸĄ+
ȟ"ǛZɗǕ5ǦrɩȪŕǦ 42þ 50L2ßUɁŒ 120 mLĦɸĄ+ȟ"ǛZ
ɗǕ4Ƨ�ɩȪǶɺ;ǌʸUas2ßÙʂ�K尤ʺ; pHŮ也ƈH日ųɶ¶2
šK尤ʺ; pHŮŪþ 6.2a,ĸa NaHCO3 (42 g/L) ƾ pHŮˋ˝ŕ 6.2-6.5Ʋ
Ʉ4
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į 5. 1K尤ʺ分½Ƴʷ 

9ȇȹ6«分½Lʷɍ�e�ɩȪĦǦ!L5K尤ʺÛ包力ɘƢťŕǦ 0L4 

 

 

 
  

ɩȪɆŎ 分½Lʷ* 
TCE 

(mg/L.day) 

ɁŒ TCE
̻ˤ 

(mL/day) 

力ɘ  
(mg C/L.day) ɁŒƸˎ̻ˤ 

(mL/day) 
HRT 

(days) 
EOS AS MS 

ɹ元ț -14 ØªɁŒ 60 mL 

7.12 

 (ɁŒ EOSƸ
ˎ) 

200 25 

Ǧ!ɩȪ 0 3.3 15 7.12 4.68 6.08 200 23.2 

Ǧ%ɩȪ 14 6.6 30 7.12 4.68 6.08 200 21.7 

Ǧ+ɩȪ 34 13.2 60 7.12 4.68 6.08 200 19.2 

ǦrɩȪ 42 26.4 120 7.12 4.68 6.08 200 15.6 

上傳時間：2018年12月21日下午 04:31



   (>) Ȯė也Ɵˍ 

 31 

5.1.2K尤ʺ˄GʌȣʷŮ 

�ɽ 5.1 (A) ̹��ʺĦ pHˬ分½ƀÏĦ包H4EOS也MSʺĦ pHŮ�˝
Űʁ̺țɄÇǞ予人,ŪĦ̃Ɏ2˝̻ɮ̃İĔ pH6.2 (į 5.2)5řʃ÷文2ASʺ
Ħ pHŮĸ世Ĉ�� 6.5G, (į 5.2)4ŕôK尤ʺʙł� pH6.2~6.5ƲɄ2Ƅ˚
ʌȣ六ʷŮ�Ǧ 14L也Ǧ 46Lô� NaHCO3 (42 g/L) ɏˋ EOSʺ; pHŮ2ô
ûǄ 6.1�þ 6.25MSʺ.Ƅ˚ʌȣ六ʷŮ�Ǧ 23L3Ǧ 34L也Ǧ 46Lô�
NaHCO3 (42 g/L) ɏˋû pHŮ2ôûǄ 6.1�þ 6.24°ʃĔ EOSʺ也MSʺû
予互ɗǕȤĞǆÿ pHŮ� 6.2~6.5ƲɄ2ǋȣʟŕŇāþK尤ʺɏ�ĤĉŁǠ
�ĦșȧʧĐ公Š2ôǃ pH ŮÇǞŪ¾Ħ̃Ɏ4S�Ĕ"ʧ2ðHğ也˦ʝŇ
ɮŕ五̗Ħ力ɘ2ûĉɭż.ɮŕ五̗2ɏ�ĤƾǺñ五̗2F3©勻Ĥȷɧ

§ɮNF3Ł2�ʧHȶǈȵŪɧǺñĉǠĤ2Ǡ�今乎也șȧʧ2ȂFɶ3

ɓaǔƇĦÑ¦̫e2Ɂ°ʴ̲K尤ʺ; pH Ů5o!Tū2.KņÔů�K尤
ʺƸˎɝ:ĐǖgĦ予互ǕkƝŇSMëƻĦ2�«ȤĞł̯ʙł pH Ů�
6.2~6.5ƲɄ4 

�ɽ 5.1 (B) ̹��K尤ʺû ORPŮˬ分½ƀÏĦ包H4+ŰK尤ʺĦ ORP
ʷŮŘʙł�-350þ-450ƲɄ (į 5.2)2į�K尤ʺCĦ引一ÇǞɻƈĥ二4�
ĔZ:ǔ̖3也ǔƈ̖3ĦˡĽɓʴ̲ ORPĦʷŮ2�«�ɮưʧĎĦ EOSʺ
也MSʺû ORPʷŮFÁŕ-413.9±33.6也-412.4±12.52° pHŮʙł� 6.5G,
Ħ ASʺû ORPʷŮĸŇ-440.0±6.82«ȮėʡĖ�ʺ ORPĦŹŮ_ţŇ�S�
pHŮĐǿ§4 

�分½LʷǦ 24 Lƀ2EOS K尤ʺ�ĔSkɷȣ;�Ɩ公Šʌȣ六̙Ǌ2
ĐaÔůÜȚ$ɒĦʌȣ六2.ŨɒƁ�K尤ʺ:Ħ pH meter也 ORP sensor2°
�ĔƁ�ƀɓôK尤ʺ̻CǕ̻ǈ̪þĪƇ:ĦƈƇ2ôǃ EOSʺ ORP©ɮ2
Ħ包Ʊ2Đaà©ƙAɝLĦʷŮƭŤ三 (į 5.2)4 

�ƹµʁ̺țɄ2�ˠɠ 50L2ûəĽĦ包H2ŝɤ� 26Ľþ 33ĽƲɄ2
zÌəĽŕ 30Ľ4 
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ɽ 5. 1K尤ʺ引一包H4(A)K尤ʺ pHŮ包H5(B)K尤ʺ ORP包H4 

 
į 5. 2K尤ʺ pH也 ORPzÌŮ 

ȇȹ6EOSʺĔǦ 24L�Ĕʌȣʬń大ǿ§ʷ˚ǡƿ2ńSƙAɝLʷ˚½Ť
三4 

 
  

ʌȣɈ� EOS AS MS 

pH 6.26±0.04 6.47±0.03 6.28±0.05 

ORP (mV) -413.9±33.6 -440.0±6.8 -412.4±12.5 

-10 0 10 20 30 40 50
6.0
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5.2K尤ʺǌʸ也ZˎFĘ 

�~ŤȦƹµɆŎ2ǌʸˮǜŕ!ɀùª2ǌʸɈ�iÊƇ̻也ZˎFĘ4

Ƈ̻ĦFĘT¦ŕ�Ā 0.5 mL ;K尤ʺƇ̻ɁµÊȟ"ǛÊɂFĘ3"ǛÊɂ
FĘ也Ƈ̻Ǭ§ (Ƴɛɽ 5.2)4ZˎFĘĸŇĀ 30 mL÷²�ŰK尤ʺ;ÌGZ
ř2Ā 5 mLƭ̤ƍĆ̻包HɂFĘ2ȉ˕Zʸĸô�Ʃǽ̖Q勻̖Q 8,000 rpm2
�ƾGǗǕÃ� 0.22 !m ̏ˆɳ̏2ˬŁFÁɁµșȧʧÊɂFĘ也©勻力Êɂ
FĘ2ȉ˕­」ĸgA RNA letter Ł※£Ĕ-80°C �中ƑŀɁµɏ�Ĥʁ̺ (Ƴ
ɛɽ 5.2) 

ɽ 5. 2K尤ʺǌʸ也FĘɈ� 

5.2.1Êȟ"ǛÊɂFĘȮė 

ɽ 5.3 ̹�Êȟ"Ǜ�K尤ʺ:ǵŪɧĦǅÑ4�ʁ̺ĦɳȪ:2Ôů!�
ȗI$rª TCEĦŦǱ2ÎǐƝƻǇƟ�S�力ɘ,ǯȟȶkaǲǝ TCEĦŦ
Ǳɂ2°òɛK尤ʺǖgS�̻ˤĦ+ȟ"Ǜ�kFŕrŰɩȪ2Ǧ!ɩȪŕǦ

0³ 13L2ßUɁŒ 15 mLĦɸĄ+ȟ"ǛZɗǕ (3.3 mg/L)5Ǧ%ɩȪŕǦ 14
³ 33L2ßUɁŒ 30 mLĦɸĄ+ȟ"ǛZɗǕ (6.6 mg/L)5Ǧ+ɩȪŕ 34þ
41L2ßUɁŒ 60 mLĦɸĄ+ȟ"ǛZɗǕ (13.2 mg/L)5ǦrɩȪŕǦ 42þ
50L2ßUɁŒ 120 mLĦɸĄ+ȟ"ǛZɗǕ (26.4 mg/L)4 

䟖褸穥誢ҁݱ����P/҂

珀穧Ԛ篚獤ຉҁ(&'҂

穥誢奲౮獤ຉҁ7&'҂

Ԛ篚獤ຉҁ),'҂

䟖褸࿜䰬ҁ���P/҂

玲璂㵴ጱ࿜䰬��PO狶66

櫝ஞҁ���P/҂

࿱窈 �OHWWHU狒ਂෝ���Ȣ$51ے 苚玲'1$��3RZHU6RLO� 1DQRYXH

3&5 1*6

T3&5

Ӥ竃႖

���PO�繞珀ᰁ獤ຉҁ72&҂

��PO�䠁咳蠑獤ຉҁ+3/&҂

ٌਙ殾懿袅ጱ殻ፓ

ORP虋玕

pH虋玕

伩ଶ虋玕

矎࿜褸穥ጱ穥誢ᰁ
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�Ǧ!ɩȪ:2+ŰK尤ʺ�Í§+ȟ"Ǜ³"ǛĦǯȟɳȪ:2ïȤ+ȟ

"Ǜ3%ȟ"Ǜďȟ"ǛĦĖ̹ǭˤ2ʡĖĉ�ɲþûǯȟžėĦɖũ4�Ǧ%

ɩȪ:2+ŰK尤ʺ�ɩȪŁțŘ©K¦%ȟ"ǛĦǭˤ2̹�%ȟ"ǛŪɧ³

ȟ"ǛĦǽǜ包人$4�Ǧ+ɩȪ也ǦrɩȪ�ʸkàʂþ!ʸĦǅĠ2ŘŇ

K¦%ȟ"ǛĦǭˤ2ÔůǋȣkƝŇ%ȟ"ǛĦǭˤɳ�2̼ǀ©ƾ%ȟ"Ǜ

Ūɧ³ȟ"ǛhƝĎƸ�Ħǯȟȶɢ�ƝÅƀƾ%ȟ"ǛŪɧ2.kƝŇāũĔ

©ũĦ力ɘĐ公Šǯȟȶɢ�ı包人2°ȤĞŪɧǊK尤ʺCĦ%ȟ"Ǜ4 

ɽ 5. 3K尤ʺÊȟ"ǛÊɂ包H4(A) EOSʺÊȟ"ǛÊɂ包H5(B) ASʺÊȟ
"ǛÊɂ包H5(C) MSʺÊȟ"ǛÊɂ包H4 
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5.2.2"ǛÊɂFĘȮė 

+ȟ"ǛĦŪɧɳȪɓǄ+ȟ"ǛŪɧ§%ȟ"Ǜ (ɉ¦3K¦31,1%ȟ"
Ǜ)2�Ūɧ§ȟ"Ǜ2ȈŁ�ǵŪɧ§ȤŏĦ"Ǜ2�«̀ʂK尤ʺ̻"ǛĦÊ
ɂ包Hka少ÄÔůÂ̋K尤ʺǯȟžėĦ ̙4 

ɽ 5.4 ̹��K尤ʺ:"ǛÊɂ包H4Ȯė̹��Ȝʎȶɢˏ尤țɄ2ɍȲ
<K尤ʺ!ª TCEɸĄZɗǕ2"ǛɓǾʉǭˤ2ħþǦ!ɩȪɃć2«ƀɃć
ßUǖg 15 mLï^ŰÁȲ<ÊS�力ɘĦƸˎ2+ŰK尤ʺCĦ"ǛÊɂRǾ
ʉ,Ū2þǦ!ɩȪŁț EOS ʺ也 AS ʺĦ"ǛRDǾʉǭˤ2̹ȥ�ǺŰɆ
Ŏ2�ŰK尤ʺCĦȶɢȮʇ�人人�Û包aˏ尤ɒĦ引一2ÔůǋȣMSʺ�
Ǧ!ɩȪȮÝƀȶɢȮʇkƝ日àÛ包Í2ĉ�ˏ尤ɒ引一2�«"ǛĦǠɂɮ

N4°þ$Ǧ%ɩȪ2EOS ʺĦ"ǛþŁțǾʉÇǞ,ŪĦ̃Ɏ5AS ʺĦ"Ǜ
ÊɂĸŇ世Ĉ�※ł�!ĈĦÊɂ5MS ʺĸŇþŁțǾʉÇǞGIĦ̃Ɏ4þ
$Ǧ+也ǦrɩȪŁ2û̃Ɏ包H也Ǧ%ɩȪř�4ɮɐs�Ň EOSʺĦ"ǛÊ
ɂ包H2þ$Łț"ǛĦÊɂ!ɭ,Ū2也Êȟ"ǛÊɂȮė̀ʂþĦǞȼSM

!ʸ (ɽ 5.3)2�Ĕï�̀ʂþ EOSʺĦ+ȟ"Ǜ3%ȟ"Ǜďȟ"Ǜ©ɮƩǭ
ˤĦǞȼ (řɮĔosùʺ)2û"ǛǠɂ尤ɨĄosùʺřɝRʃ2ȥ°ȮėĹ
ÇǞ,Ū̃Ɏ2�«ÔůǋȣkƝ� EOSʺ:2"Ǜǵɏ�ĤÃ�Ǌ$2Rɓ公
Š"ǛÊɂ,Ū2¼ǺŰƬǸ?Ɋ�Ł̯ǸŤʁ̺ga̞Ė4 
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ɽ 5. 4K尤ʺ"ǛÊɂ包H4(A) EOSʺ"ǛÊɂ包H5(B) ASʺ"ǛÊɂ包
H5(C) MSʺ"ǛÊɂ包H4 
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5.2.3Ƈ̻Ǭ§FĘȮė 

~ɈŤɺśâĦŇǯȟȶŪɧ+ȟ"ǛĦǅĠ2ɻƈ日ųǯȟȶǻƿaǔƇ

ɝ½ɶ3õȲī2Êȟ©勻Ĥɝɶ3ǈāī2«ɶ3ŒƱkaôǯȟȶɁµǯȟ

ăÉK尤°˹ǃƝɂ4�«�ǯȟĦɳȪ:2¡ėSƝ˹ǃëƻĦǔƇ (ɶ3)2
îʫȐɓȤĞ©ž�ƾ+ȟ"ǛŪɧ§%ȟ"Ǜ3!ȟ"Ǜ2ɲþÍ�ǯȟĦž

ė4�ɻƈǒ�,2©勻ĤFɧǠ�Ħɶ3ƿaǔƇĦÑ¦̫ēþZ:4Ƨ$日

ųǯȟȶ;s2�́ȶɓÃ�ǔƇ�ıïǠ��́2os�©S̥Ȏ公©ñ�́

ȶkɁµ TCEĦǯȟK尤4�«Ưȣ�́Ƈ̻Êɂ2kÂ̋£�ĔK尤ʺCĦ�
́ȶŔĎ2ȗõƊƛǊǔƇĦɫƠ2少ÄśÂǯȟžǜĦȧŷ̃Ɏ4  

�ɽ 5.5 ̹�2�Ȝʎȶɢˏ尤țþǦ!ɩȪ;Ʉ2+ŰK尤ʺɝ:Ħ�́
ŇÇǞǾʉGIĦ̃Ɏ2̹��́ȶ�ǺùŰƀț�K尤ʺɝ:Ħ̓ȏĽ尤ºř

ɝƩĦXö4;Ł2�ɁþǦ%ɩȪĮț2+ŰK尤ʺ:Ħ�́ÊɂòȥĿƩ2

ºŝ 30%2ȥ°2+ŰK尤ʺˬȵƀÏĦʯg2þŁț�́Êɂʉʉ�,Ū2O
û EOSʺ�́,ŪĦXöɮûbùʺ̹ȵ2̹��Ǧ%ɩȪŁț2+ŰK尤ʺɝ
:Ħ�́ȶû̓ȏĽ©,ŪĦ̃Ɏ4°ɁAþǦ+3ǦrɩȪ2�́ĦÊɂòȥ

ÇǞ,ŪĦ̃Ɏ2EOSʺĦ�́Êɂ,Ū̃ɎOŕĖ̹2�«Ôůǋȣ�Ǧ+J
ǦrɩȪ: EOS ʺɝ:ɶ3ĦŒƱŇɮư�ǯȟȶɢĦ°＊�́ȶ2ʃĔǯȟ
žė尤© Ħʴ̲4° AS也 MSʺɝ:2�́Êɂ�Ç,Ū̃Ɏ2̹��́ȶ
Ħ̓ȏĽ尤©ȢN4 
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ɽ 5. 5K尤ʺƇ̻Ǭ§包H4(A) EOSʺƇ̻Ǭ§包H5(B) ASʺƇ̻Ǭ§包
H5(C) MSʺƇ̻Ǭ§包H4 
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5.2.4șȧʧÊɂFĘȮė 

ɻƈɏ�Ĥĉ©勻ĤɳȪ2òÏɁµ©勻ĤĦZɧ2ƾ五̗2F3©勻Ĥ 
ȷɧ§ɮNF3°ɗĔZ:2ȥŁʧHȶǈȵŪɧǺñĉǠĤ2Ǡ�今乎也ș

ȧʧ2ȂFɶ3ɓaǔƇĦÑ¦̫e4ǈȵ2今乎也șȧʧ̨̯ǵŪɧ§"ʧ也

ǔƇ2ȈŁ2�́ȶďǯȟȶĦĉK尤ĸÃ�"ʧ也ǔƇ2ɁµȈǮ̦HK尤4

�«2șȧĎƜĬʧ (VFA) �ʧHK尤ĦɳȪ:2ɏ�Ĥƾ©勻ĤɁµ̔HǠ
�2�ƀkƝ·ˬǠ�ǔƇ3今乎ȬĉǠĤ4�«2FĘșȧʧʎ乎也ˡĽk

Â̜̋內�K尤ʺCĦȧ士FɧĥĠ4Ƿ�ǯȟȶ�ĉșȧʧ°�ı2ǆÿș

ȧʧĦǠ�kƺ元ƐƆǯȟɢ4�«2șȧʧĦFĘŇ日ų�ĤǯȟŨţĦŃʹ

;!4  

�Ȯėɽ 5.6kaŚþ2�Ȝʎȶɢˏ尤țƀ2+ŰK尤ʺĦʧ乎Sĕǭ 2ʕ

̹�Ǡ�ĦșȧʧŵĕǵK尤ʺCĦɏ�ĤFɧ2�«K尤ʺCĦɏ�Ĥkĉ

ǊƸˎȗõĦ力ɘ4ǈȵ2ɝɁAǦ!ɩȪ2FÁÜȚ力ɘŕðHğ3"ʧ也˦

ʝïɃćßUɁŒ 15 mL TCE Ł2Įț+ŰK尤ʺȃkaŚþ©ʧ乎Ħǭˤ6
EOSʺŕ�ʧ也"ʧĦǭˤȈŕĖ̹5ASʺŕ�ʧ也"ʧĦǭˤȈŕĖ̹5MS
ʺĸŇŕ"ʧ也\ʧĦǭˤȈŕĖ̹4°þ$Ǧ!ɩȪŁț2+ŰK尤ʺĦʧ乎

D人人,Ū4̹�ȶɢʩţĭ!止ƀɄRƝˏ尤Ƹˎ:力ɘĦÛ包2�Ǧ!ɩȪ

Įț2ȶɢĦȮʇɃćÛ包2�ų~!ɃćȤĞĉșȧʧ2þǦ!ɩȪŁțȶ

ɢɃćkaĉǊK尤ʺ:ǭˤĦșȧʧ2�«Ôůǋȣ�́ȶ也ǯȟȶ�Ǧ!

ɩȪŁțĦ̓ȏĽ尤ɮķțƩ4ɁAǦ%ɩȪŁ2Ôůʯg$ TCEɸĄZɗǕĦ
UɁŒɂ2Ǆų~ 15 mL包§ 30 mL2țɄ+ŰK尤ʺŘ©NǷĦ"ʧǭˤ2¼
�Ǧ%ɩȪŁțȑ`à©ʧ乎Ħǭˤ2ʡĖɏ�ĤòȥkaÓǽ�ƊƛǊșȧʧ4

�ɁþǦ+ɩȪƀ2ÔůDʯg TCE ɸĄZɗǕĦUɁŒɂ2Ǆų~ 30 mL 包
§ 60 mL2«ƀ ASʺĦ"ʧĖ̹Ƀćǭˤ2osùʺĦʧ乎ĸà©Ė̹ǭˤ2
̹��Ǧ+ɩȪ:2AS ʺĦ�́ȶɢ也ǯȟȶɢkƝȤĞÓǽFɧ"ʧ2R公
Š"ʧĦǭˤ2°ǺĿkƝŇāũĔ AS ʺC力ɘĦõȲ©ũĐ公Š4ȈŁ2Ɂ
þǦrɩȪ.ɬǦ+ɩȪĦǅÑ2Šř�2AS ʺ©"ʧǭˤ2°osùʺĸp
©�ɩȪŁț©ñǷ"ʧǭˤ4 
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ɽ 5. 6K尤ʺșȧʧ包H4(A) EOSʺșȧʧÊɂ包H5(B) ASʺșȧʧ
Êɂ包H5(C) MSʺșȧʧÊɂ包H4 
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5.2.5©勻力ÊɂFĘȮė 

ɻƈ日ųǯȟȶǻƿŇaǔƇɝ½ɶ3õȲī2Êȟ©勻Ĥɝɶ3ǈāī2

«ɶ3ŒƱkaôǯȟȶɁµǯȟăÉK尤°˹ǃƝɂ4~ŤȦô�;Ƹˎ:2

Ôůǖg力ɘ (ðHğ3"ʧ3˦ʝ) ½ŕõǔī2+ʎƸˎĦõǔƝ(S�2˦
ʝĦ_ţ§Fŕˇ˦2ßǰʊˇ˦kȗõ 48 ǰʊɶ3ŕȈǂ2ðHğ§FŕȜ
Ĥğ2ßǰʊðHğĦ力kȗõ 48ǰʊɶ3ª;2"ʧõɶ3Ɲ(Ȉ¾2°^ʩ
ţ�ǔF˱ɖ¾Ħɻƈ引一,2"ʧRƝ�˶Fɧ§ǔƇ4ȀɳFĘɗɧĎ©勻

力ˡĽ2ka少ÄÔů心ɧK尤ʺCĦ力ɘŇÆëƻ̼ǯȟȶɁµǯȟăÉ½�4 

�ʁ̺ɳȪ:2K尤ʺßUŘɓɁŒÊ©力ɘĦƸˎ2EOS ʺßUɁŒŝ
7.12 mg/L Ħ力ɘ3AS ʺßUɁŒŝ 4.68 mg/L Ħ力ɘ3MS ʺßUɁŒŝ 6.08 
mg/LĦ力ɘ4�ɽ 5.7̹�2�Ǧ!也Ǧ%ɩȪ2ðHğ也"ʧʺĦ TOCˡĽ
2ŝ� 10-20 mg/L2˦ʝʺĦ TOCˡĽ2ŝ� 15-20 mg/L;Ʉ包Ʊ4五̗Ƹˎ
Ħ力ɘ (˦ʝ也ðHğ)2șȧʧˡĽɍº TOCˡĽĦ 15%2°"ʧʺĦșȧʧ
ˡĽº TOC ˡĽɲŝ 40%2«Ȯė̹�2+ŰʺCĦ力ɘŘëƻ2¼Ň"ʧʺ
kƝÊ�Ĥ�§;©勻力ɮSÃĔõǔ4ɁþǦ+ɩȪŁ2TOCˡĽǾʉ,Ū2
TOC也 TCEŦǱ©:ȬĦř̡Ď2̹�ȗI TCEŦǱ2ô©勻ĤFɧÜ了Ċ4
EOSʺ也MSʺĦ力ɘ̈©Ū¾¼日ëƻ2° ASʺĸŇSMëƻĦ4ɁþǦr
ɩȪŁ2+ŰK尤ʺCĦ力ɘȑ`ȃSë2Ǻ.kƝŇK尤ʺC%ȟ"ǛǭˤĦ

_ţų�4 

�ĔK尤ʺCĦɏ�Ĥǣ�2�́ȶȐº$ȯ2ȂF2ǯȟȶĦXöřʃG

ŇXɮNĦ2�«ǆÿK尤ʺCɶ3Ħê�ȐřɝĦŨţ4�ɩȪŁț2̈ȥ力

ɘɮŕSë2¼ÔůȗƩ$+ȟ"ǛĦɁŒɂ2Ɂ°ɓÚÿ�́ȶĦ�ı2�«

Ôůɷțɶ3ĦŒ�ɓư�ǯȟȶ2少ÄǯȟȶĦ�ı2ȥ°?ɊɁ!ÞȀɳɏ

�Ĥʁ̺ĦȮė÷̞ĖǺŰƬǸ4 
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ɽ 5. 7K尤ʺC力ɘĦ包H4(A)EOSʺC力ɘĦ包H5(B)ASʺC力ɘĦ包
H5 (C)MSʺC力ɘĦ包H4 
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5.2.6̤ƍĆ̻包HɂȮė 

K尤ʺĦ­」ɂkaKņɏ�ĤĦ�ıǅĠ2­」ɂȾ�kƝcįɏ�Ĥ�

ıǅÑŇɮ Ħ4ŕ心ɧK尤ʺC­」ÊɂĦ包H2�«Ôůƾß!ǌʸ止;ʸ

ĺɁµ̤ƍĆ̻包HɂFĘ4 

ǄǦ!ɩȪĮț2+ŰK尤ʺĦ­」ɂŇɮƩĦ2ˬȵƀÏĦ包H2­」ɂ

ʉʉȢN2ǋȣŇK尤ʺCĦɏ�Ĥ��ˏ尤K尤ʺCĦ引一4ɁþǦ%ɩȪŁ2

Įț­」ɂŇɮNĦ2þŁțĸD人人ʯg4ǺʸĦȮė̹�2K尤ʺCĦɏ�

ĤkƝʩţ!ŎƀɄ÷ˏ尤K尤ʺĦ引一2ȶɢȮʇɓ予人包H§ˏ��ƩˡĽ

TCE引一,�£Ħʸʣ4 

 

ɽ 5. 8̤ƍĆ̻包Hɂ4 
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5.3K尤ʺǯȟžėȺ¸ 

�«ŤȦ:2~ɼɅǓȺ¸+ʎ�ʁȍ˝ġ:Ħƿ�力ɘ (FÁŕðHğ3
"ʧ3˦ʝ) �ɻƈK尤ʺãǪ:ʃĔǯȟĦŹǡĎ2ɷț̒�ɂHK尤ʺǯȟ
ĦǽǜƝƻXɮe+ʎ力ɘʃĔǯȟžė ̙4 

5.3.1K尤ʺǯȟǽǜ 

�ĔK尤ʺŇǌǼ̯ɁŒT¦2ßUɓĆĈɁŒ!Ĉ̻ˤĦ+ȟ"Ǜ2�«

kaŤ三eùŰǌʸ止;ɄĐɁŒĦ+ȟ"ǛûȟĦ手ǰ±ʷ (Input)5̒ �ùǌ

ʸ止;Êȟ"ǛFĘȮėĸkŤ三e�ùǌʸ止ƀɄC (FÁŕ T0 也 T1) ǵŪ
ɧǊĦÊȟ"ǛÊɂ也ȟĦ手ǰ±ʷ4Ɂ!Þa,�E¦Ť三e�K尤ʺĦǯȟ

ǽǜ6 

[($%&'(	*+	,-+ + /0	*+	,-+) − /3	*+	,-+]
/3 − /0  

�~ŤȦƹµɆŎ2òɛK尤ʺǖgS�̻ˤĦ+ȟ"Ǜ�kFŕrŰɩȪ2

Ǧ!ɩȪŕǦ 0³ 13L2ßUɁŒ 15 mLĦɸĄ+ȟ"ǛZɗǕ (3.3 mg/L)5
Ǧ%ɩȪŕǦ 14³ 33L2ßUɁŒ 30 mLĦɸĄ+ȟ"ǛZɗǕ (6.6 mg/L)5
Ǧ+ɩȪŕ 34þ 41L2ßUɁŒ 60 mLĦɸĄ+ȟ"ǛZɗǕ (13.2 mg/L)5
ǦrɩȪǦ 42þ 50L2ßUɁŒ 120 mLĦɸĄ+ȟ"ǛZɗǕ (26.4 mg/L)4 

ɽ 5.9 (A) ̹��K尤ʺ;ǯȟǽǜ4Ǧ!也Ǧ%ɩȪ:2�K尤ʺǯȟǽ
ǜřɝ2ȥ°ɁþǦ+ɩȪ:2 EOS ʺĮțĦǯȟǽǜɮûbùʺÓ2¼Łț
ĸɤŁûbùʺ5ǦrɩȪ:2ĸ EOS ʺĦǯȟǽǜɮÓ3MS ʺª;2AS ʺ
Ħǯȟǽǜɮ人4 

ƾ�ɩȪĦǯȟŪɧǽǜFÁĀzÌ2kaǄɽ 5.9 (B) ĦȮėǃĨ2�Ǧ
!也Ǧ%ɩȪțɄ2+ŰK尤ʺĦǯȟǽǜřɝ5°�Ǧ+ɩȪ:2MS ʺĦǯ
ȟǽǜɮó3ASʺª;2° EOSʺĦǯȟžǜɮŹ2ǋȣ尤ɨɬÜȚ˄Gʌȣ
六© 2̡�Ĕǯȟȶɢʩ�ıĔɮɻƈĦ引一2K尤ʺCǕ̻!}丙̱�ĪƇ:2

ȐɓôǃɻƈȪĽ̃� ƈ2ǯȟȶɢĦ�ıǅÑȐɓāþÚÿ4ȥ°2�Ǧr

ɩȪ:2Ȯė̹� EOSʺûǯȟǽǜɮó3MSʺª;2° ASʺĸɮŹ2ʡĖ
EOSʺûɻƈ引一̃Ĕ世Ĉ2ôǃǯȟȶĦ�ıǅÑ ̔4 
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ɽ 5. 9K尤ʺǯȟǽǜXɮ4(A) �K尤ʺǯȟǽǜ;Xɮ5(B) �ɩȪCzÌ
ǯȟžǜ;Xɮ4 
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5.4ɏ�ĤƩǻɂĈÏFĘȮė 

~Ťɺ:ǸŤ+Űô�S�力ɘ½ŕƸˎĦK尤ʺ2FÁŕðHğ (EOS)3
"ʧ (AS) 也˦ʝ (MS)2ï^ĔK尤ʺɰ½Ħ+ŰVțɄ2ǌɇ$ 15ŰƀɄ止
ĦZˎ也ɏ�Ĥʸ~2�Ť 45 Űʸ~4~ŤȦ:ɏ�ĤƩǻɂĈÏFĘĐô�
ĦP32充ĔʲžĎP32_ţ五ʞǫȶ也lȶ 16S rRNAĦ V3-V4Ʃ包ǡÏ�
ƲŎ2ĈÏĦųćǙĽŕßŰʸ~AĔ 96,709~236,8595�ʸ~ɠɳjƧ chimera
Ï�J copy numberƁ�Łˬ勻ĒĀ 31,000ǒÏ�Ɂµɏ�Ĥʎ凸Ĉ4 

 

5.4.1ɏ�Ĥ�ʸĎ (Alpha diversity) 

5�ʸĎŇŃ!ƐĈƲƷď�二ãǪCĦ�ʸĎ2ɠƿ�Ĥʎ̓ȏĽ÷Ľɂ4
�ĤʎęǡĽ (5-diversity) FĘG2a Chao13ShannonĄ SimpsonŃʷ÷Xɮ
ʸ~CĤʎĦęǡĎ4Chao1Ⱥ¸ʸ~ƓʁĦ̓ȏĽ2ShannonȺ¸ĤʎÌGĽ2
SimpsonŤ三ĤʎǵF乎ƀĦƽ!ȪĽ4 

ɽ 5.10aǢ̵ɽį� EOSʺ3ASʺ也MSʺɩȪʸ~;ĤʎęǡĽ2�ɽ
5.10 (A): EOSʺ3ASʺ也 MSʺĦʸ~ Chao1Ńʷ:ɄŮFÁŝŕ 8473847
也 9322̹� MS ʺĦʸ~©ɮƩĦȶɢ̓ȏĽ4a OTU °、 (ɽ 5.10(B)) MS
K尤ʺ OTU AĔ 640~7592° AS Ą EOS K尤ʺĦ OTU FÁAĔ 561~731 Ą
552~715 ;Ʉ2į�a"ʧĄðHğŕ力ɘĦ引一Xa˦ʝŕ力ɘĦ引一̼ɏ�
ĤĤʎ包ƱÜ小Ə4�ɽ 5.10 (C): EOSʺ3ASʺ也 MSʺĦʸ~ ShannonŃ
ʷ:ɄŮFÁŝŕ 6.4136.43也 6.822̹�MSʺĦɢɤ�ʸĎŇɮƩĦ4 °�
ɽ 5.10 (D): EOS 3̋ASʺ也MSʺĦʸ~ SimpsonŃʷ:ɄŮFÁŝŕ 0.973
0.97也 0.982̹�MSʺʸ~;˰ɎȶɢĐºĦXöXosùʺĦʸ~ȩ24 

ɽ 5.11̹� EOS3AS也 MSʺK尤ʺʸ~a+ʎŃʷĽɂɏ�Ĥ�ʸĎï
ÇǞƀÏĎ包H2kàʂþ�Ǧ!也Ǧ%ɩȪƀ2+ŰK尤ʺĦȶɢ̓ȏĽŇ

ɮƩĦ2°ˬȵƀɄĦɁŷaJʯg+ȟ"ǛĦŦǱ2ȶɢĦ̓ȏĽʉʉ,Ū2

̹��Ǧ+³ǦrɩȪƀK尤ʺCȤĞˏ尤ƩˡĽ+ȟ"ǛĦȶɢɓāþÚÿ2

ôǃřɮĔǦ!也Ǧ%ɩȪƀĦɏ�Ĥ�ʸĎɮŕ̑ȋ4a˝ŰɩȪ°、2ASĄ
EOSK尤ʺ©� TCEˡĽʯg2°̼ɏ�Ĥʎ乎ȢNĦ̃Ɏ2K̀2MSK尤ʺ
ĸà©� TCE ˡĽʯg̼ɏ�Ĥʎ乎Ū¾2̹� MS K尤ʺ:Ħɏ�Ĥʃ TCE
ɮ©ÕŏĎĦƝ(4 
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ɽ 5. 10K尤ʺʸ~ɏ�Ĥ�ʸĎ4K尤ʺʸ~Ɂµɏ�ĤƩǻɂĈÏFĘŁF
Áa (A) Chao 13(B) OTU3(C) Shannon3(D) Simpson3(E) Good’s coverage >
ʎŃʷĽɂɏ�Ĥ�ʸĎ4 
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ɽ 5. 11K尤ʺ�ǌʸ止ʸ~a (A) Chao 13(B) OTU3(C) Shannon+ʎŃʷĽ
ɂɏ�Ĥ�ʸĎïÇǞƀÏĎĦ包H4 
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5.4.2 ɏ�ĤǬ§Ȯʇ 

~ŤȦK尤ʺ:ɏ�ĤĦ�ʸĎŇ＊ƿ̓ȏ2°�ǺʸĦɏ�ĤãǪ:lȶ

也ǫȶFÁÙ入ȵS�Ħ，´4ǖg力ɘƝƻ̼ǠǔȶɢǠ�ǔƇõȲǯȟȶ�

ıïɁµ日ųǯȟK尤4ȥ°2K尤ʺC©2ɂĦ�́ȶ2ɓ也ɻƈǯȟȶ他ģ

ǔƇ2°ǯȟȶ�ıǽĽ予人2!}ǯȟȶȤĞ˹ǃëƻǔƇ½ŕɶ3ȗõī2

ǯȟȶĦ�ıȐɓȢ予2�«K尤ʺɝ:lȶʷɂɓɄǈʴ̲þǯȟȶĦ�ıǅ

Ñ2Đa$ɧ�ʸ~ɝ:lȶXöŇ©û{ţĎĦ4 

ɽ5.12ŇK尤ʺʸ~Í§ƩǻɂĈÏFĘŁòɛlȶJǫȶ̓ȏĽƭɽĦȮ
ė4EOS ʺĦȮė̹�2�Đ©ǌʸ止:2EOS07 ʸ~lȶ̓ȏĽȈƩ2ŝŕ
5.7%2EOS49ʸ~:lȶ̓ȏĽĸȈ¾2p© 1.5%4ASʺĦȮė̹�2AS00ʸ
~Ħlȶ̓ȏĽ�Đ©ǌʸ止:ŇȈƩĦ2ŝŕ 6.3%2AS47ʸ~lȶ̓ȏĽp
© 1.9%2ŇĐ©ǌʸ止:Ȉ¾Ħ4MS ʺĦȮėĸ̹�2MS14 ʸ~:Ħlȶ̓
ȏĽ© 6.4%2° MS00也 MS49ǺùŰʸ~Ħlȶ̓ȏĽFÁŕ 1.9%也 2.2%2
�Đ©ǌʸ止:Ňɮ¾Ħ4°�ȈĮĦǌʸ止̀ʂþlȶĦXöɮ¾kƝŇ�ŕ

ŲÜȚ力ɘ2K尤ʺCĦɏ�Ĥ日�ˏ尤ɒĦ引一2ȤĞÓǽÃ�˦ʝǺʎɮŕ

五̗Ħ力ɘ2°ˬȵƀɄĦɁŷ2ɏ�ĤȮʇ人人世Ĉ2˦ ʝʉʉǵlȶÃ�Ǌ2

�«�ŁūȑŰǌʸ止Rɓ̀ʂþlȶĦ̓ȏĽʯg4 

ʔ�+ŰK尤ʺĦȮė2ÔůkàʂþˬȵƀɄĦɁŷaJʯg+ȟ"Ǜ

ĦŦǱ2+ŰK尤ʺÇǞĦ̃ɎŇř�Ħ2lȶĦ̓ȏĽȃɓ�ŕ+ȟ"ǛĦʯ

g°ȢN2̹�ȗƩ+ȟ"ǛŦǱʃĔlȶ�ıŇ©ÚÿĦǞȼ4 
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ɽ 5. 12K尤ʺ(A)EOS3(B)AS3(C)MSʺ�ǌʸ止ʸ~Ɂµɏ�ĤƩǻɂĈÏ
FĘŁĐǃ;lȶ也ǫȶ̓ȏĽ4 
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5.4.2.1 ǫȶǬ§Ȯʇ 

ɽ 5.13a PhylumɆʰ÷Ś2EOSʺ�ȈŁ!Űǌʸ止Ħ˰ɎǫȶȶɢòÏ
FÁŕ6Betaproteobacteria3Deltaproteobacteria3Alphaproteobacteria3Bacteroidetes
也 ChlorobiǺ>ŰȶĲ2û̓ȏĽFÁŕ619.1%318.2%314.6%314.3%37.7%4
°�Ɂ!Þa ClassɆʰ÷Ś (ɽ 5.14)2EOSʺ�ȈŁ!Űǌʸ止Ħ˰Ɏǫȶȶ
ɢòÏFÁŕ6Betaproteobacteria3Deltaproteobacteria3Alphaproteobacteria3
Bacteroidia也 IgnavibacteriaǺ>Űȶʗ2û̓ȏĽFÁŕ619.1%318.2%314.6%3
14.1%37.7%4 

a PhylumɆʰ÷Ś (ɽ 5.13)2ASʺ�ȈŁ!Űǌʸ止Ħ˰ɎǫȶȶɢòÏ
FÁŕ6Betaproteobacteria3Deltaproteobacteria3Alphaproteobacteria3Bacteroidetes
也 Acidobacteria2̓ȏĽFÁŕ619.7%315.8%313.3%310.6%也 10.4%4°�
Ɂ!Þa Class Ɇʰ÷Ś (ɽ 5.14)2AS ʺ�ȈŁ!Űǌʸ止Ħ˰Ɏǫȶȶɢò
ÏFÁŕ6Betaproteobacteria3Deltaproteobacteria3Alphaproteobacteria3Bacteroidia
也 IgnavibacteriaǺ>Űȶʗ2̓ ȏĽFÁŕ 19.7%315.8%313.3%310.5%也 8.3%4 

a Phylum Ɇʰ÷Ś (ɽ 5.13)2MS ʺ�ȈŁ!Űǌʸ止Ħ˰Ɏǫȶȶɢò
ÏFÁŕ6Acidobacteria3Actinobacteria3Armatimonadetes3BRC1也 Bacteroidetes2
̓ȏĽFÁŕ621.7%319.4%312.7%312.0%也 9.2%4°�Ɂ!Þa ClassɆʰ
÷Ś  (ɽ 5.14)2MS ʺ�ȈŁ!Űǌʸ止Ħ˰ɎǫȶȶɢòÏFÁŕ6
Deltaproteobacteria3Betaproteobacteria3Gammaproteobacteria3Bacteroidia 也
AlphaproteobacteriaǺ>Űȶʗ2̓ȏĽFÁŕ 21.7%319.4%312.7%311.9%也
6.8%4 

ʔ�aGȮė2kàʂþ� PhylumɆʰ EOSʺ也 ASʺĦ˰Ɏȶɢɮŕ
ř»2MSʺĦ˰ɎȶɢɮŕS�2°� ClassɆʰĸkàʂþ�+ŰK尤ʺɝ
: Proteobacteria ȃ º $ Ŀ 2 Ħ X ö 2 O û Ň Alphaproteobacteria 3
Betaproteobacteria也 Deltaproteobacteria4 
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ɽ 5. 13a PhylumɆʰFĘK尤ʺ (A)EOS3(B)AS3(C)MSʺ�ǌʸ止ʸ~;
ǫȶǏɢF¿4 
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ɽ 5. 14a ClassɆʰFĘK尤ʺ (A)EOS3(B)AS3(C)MSʺ�ǌʸ止ʸ~;ǫ
ȶǏɢF¿4 
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5.4.2.2 lȶǬ§Ȯʇ 

¡ɽ 5.15Đ�2a PhylumɆʰ÷Ś2EOSʺ3ASʺ也MSʺĦĐ©ǌʸ止
ʸ~ɝ:2_ţȃŇ EuryarchaeotaǺŰȶĲĦlȶŕ˰Ɏlȶȶɢ2Řºlȶ手
ĄĦ 99%aG2û˕ĸŇ CrenarchaeotaǺŰȶĲ2pº 0~1%4 

°�ɽ 5.16kàʂþ2+ŰK尤ʺĐ©ǌʸ止Ħʸ~:2a ClassɆʰ÷
ŚĦɪ2 Euryarchaeota ǺŰȶĲĦȶ日kaǫF³ Methanobacteria3
Methanomicrobia 也 Thermoplasmata Ǻ+Űȶʗ4EOS ʺ_ţĦ˰Ɏlȶŕ
Methanomicrobia3Methanobacteria 也 Thermoplasmata2¡ EOS49 ʸ~:FÁº
K尤ʺlȶ:Ħ 77%316.3%也 6.4%2û˕ĸŇ Crenarchaeota ǺŰȶĲCĦȶ
ʗ MCG2Êɂŝ 0.2%4AS ʺ_ţĦ˰Ɏlȶ.Ň Methanomicrobia3
Methanobacteria 也 Thermoplasmata2� AS49 ʸ~:Ħ̓ȏĽFÁŕ 67.9%3
21.7%也 10.3%2ȈŁŇ MCGȶʗĦ̓ȏĽŝŕ 0.1%4MSʺ_ţĦ˰Ɏlȶŕ
Methanomicrobia3Methanobacteria也 Thermoplasmata2�MS49ʸ~:Ħ̓ȏĽ
FÁŕ 73.7%319.8%也 5.79%2ȈŁŇ MCG ȶʗĦ̓ȏĽŝŕ 0.6%42012 ¥
BrissonśâɼɅƥʃ世ĈjƧ TCEãǪɁµɏ�Ĥ metagenomicsFĘ2Ȯėȧ
Ǟ� Methanobacteria:© 406ŰɒƸ�Ƴ也 B12�§ĉɭż: 9ŰŨţƸ�
784 

ʔ�+ŰK尤ʺɝ:lȶÊɂ包HĦ̀ʂ2kaȧǞȤˍ� EOSʺ3AS
ʺďŇMSʺɝ:2lȶĦÊɂ包HȃS22Ƨ$� ASʺɝ:2kàʂþ�
ASʺɝ:2ˬȵʯg TCEĦŦǱ ThermoplasmataǺŰȶʗĦÊɂɓÇǞñɏ
ʯgĦ̃Ɏ2Ǆŝ 5.0%ʯgþǦrɩȪŁțĦ 17.3%4 
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ɽ 5. 15a PhylumɆʰFĘK尤ʺ (A)EOS3(B)AS3(C)MSʺ�ǌʸ止ʸ~;
lȶǏɢF¿4 
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ɽ 5. 16a ClassɆʰFĘK尤ʺ (A)EOS3(B)AS3(C)MSʺ�ǌʸ止ʸ~;l
ȶǏɢF¿4 
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5.4.3ɏ�ĤȶřƱ二包H 

ŕ心ɧô�S�力ɘĦK尤ʺ�S�分½ƀɄ,ɏ�ĤȶɢĦƱ二包H2~

ŤȦÃ�_ŻʹFĘ (Principal coordinates analysis, PCoA) 3ɇɢFĘ (cluster 
analysis) ĄüĻř̡ĎFĘ (Canonical correlation analysis, CCA) FĘǄĮć (0
L) þǦ 49 L引一ʸ~ïa OTU F乎ŕƸ水ĦƱ二包HJ�S�Ƹˎ (AS3
MOS3EOS) ,2S�ǌʸƀɄ^ˬȵ TCEŦǱʯgč«;Ʉɏ�ĤȶɢĦř»
Ď4 

Ǆɽ 5.17Ħ_ŻʹFĘ̹�ÜȚƸˎŁǦ 0L2AS3MS3EOSK尤ʺɏ�
ĤȶɢȮʇȐS�4ˬȵ分½ƀɄĄ TCE ˡĽʯg2EOS K尤ʺɏ�Ĥ包ƱČ
PC1w主T�ǥƱ2̹�ɏ�ĤȶřĿ小ƏĦÛ包4S�Ĕ EOSK尤ʺ2ASK
尤ʺĄMSK尤ʺɏ�ĤȶɢƱ二̹ǃXɮ世Ĉ4 

Ƅ˚ɇɢFĘ (ɽ 5.18) ̹�� 49L分½țɄ2MSK尤ʺ:Ħɏ�Ĥȶɢ
毛ŕ�!ɢ2į�ɏ�Ĥȶɢ包ƱSĖ 4̹� ASK尤ʺĦɏ�ĤɢřFŕ+ɢ2
Ǧ!ɢŕ AS07Ą AS322Ǧ%ɢŕ AS043AS113AS493AS473AS423AS393
AS353AS283AS253AS213AS14 Ą AS182Ǧ+ɢŕ AS004os2K尤ʺɏ
�Ĥȶɢ包ƱȈ2ĦĸŇ EOSK尤ʺ2«ʺɏ�Ĥ包Ʊ_ţF§ù2乎2!乎ŕ
EOS423EOS493EOS393EOS323EOS21Ą EOS182o!乎ŕ EOS143EOS073
EOS003EOS043EOS113EOS473EOS353EOS28Ą EOS254 

Ɂ!Þ2ƾK尤ʺɏ�Ĥ OTU �øK尤ʺ分½Ƴʷ (ORP3pH3șȧʧ3
TCEɁŒŦǱ3�ȟ"ǛĄ"Ǜ) ɁµüĻř̡ĎFĘ2Ȯė¡ɽ 5.19Đ�4ʸ
~ EOS143EOS073EOS003EOS043EOS113EOS473EOS353EOS28Ą EOS25
_ţĦșȧʧŕ�ʧĄ#ʧ5AS32Ą AS35ʸ~:"ʧĖ̹ɮ�2a OTU589318 
(Ignavibacteriaceae) Ą OTU638638 (Acidobacteriia)4Ƨ«;s2�ȟ"ǛTūk
aŚþ EOS25Ą EOS18©Ǡ� VC2¼à©̀ʂþ©_ţĦ OTU2°+ȟ"Ǜ
Ą%ȟ"Ǜȃà©也ʸ~©ř̡4os2�MS42ʸ~:kàʂþ"Ǜ2^_
ţ ơ ̥ Ħ OTU ŕ OTU807206 (Deltaproteobacteria) Ą OTU423327 
(Achromobacter)4ȀɳüĻř̡ĎFĘŨţĦ OTU�F乎G?�ʗ (class) ďŜ 
(family)2į�ɏ�Ĥʎ乎日©Ƿ�ĉ�ǵȧǉĦ4ʔ�GŧFĘȮė̹�S�力
ɘǠ�Ħɏ�ĤS�Ɂ°ʴ̲ǯȟžėJșȧʧʎ乎4  
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ɽ 5. 17ɏ�Ĥ_ŻʹFĘ 
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ɽ 5. 18ɏ�ĤɢɇFĘ 
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� 5. 19������!��
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5.4.4 亡入ǜȂ.ë 

ȑMTʢ"ĒG  Dehalogenimonas�Desulfitobacterium�Dehalobacter�

Desulfuromonas�Geobacter�Dehalococcoides� 6ȧǜġĕśŭȰzĲȅ�ǉ�

ƍȑǓ%óİĬǜȂ�w�ʏbǰ`ñťƦǤÜª.ëǖê�­ĸNCźõ� 6

ȧǜȂz�Ĺ2ɷɊ�$rƃɈʋɈ[%ó又ƸČʲ/� 

ș 5.20 (A) Ğ�Ĺ2ɷɊsƃɈʋɈ[& Dehalococcoides 又ƸČ�NCʷ

ȜÑz EOSɊǼ%�Dehalococcoidesó又ƸČȍ ASȰMSɊť�ħĞ 0~0.10%�

zɥ�3ɇƕ 21�39Ȱ 493ŉ�Dehalococoides又ƸČġĞ 0.10%�ASɊR�

zɥ�3ɇƕ 7 3Ȱƕ 32 3�ǌÑ Dehalococcoides�又ƸČ.�Ğ 0.04%Ȱ

0.02%��MSɊǼ%ó Dehalococcoides又ƸČćħĞ 0~0.10%� 

ș 5.20 (B) Ğ�Ĺ2ɷɊsƃɈʋɈ[& Dehalogenimonas又ƸČ�z�Ĺ

2ɷɊóƃɈʋɈ[Ǽ%�EOSɊ,ó Dehalogenimonas又ƸČĕȍ�ó�Ǭ�

ƕ 18�393�ǌÑ 0.01%ó Dehalogenimonas�ASɊćĕzɥ�3ɇƕ 0�4�

7�11�18�21�25�28�32�35�42�49 3.�ǌÑ 0.04%�0.03%�0.03%�

0.01%� 0.01%� 0.01%� 0.01%� 0.01%� 0.01%� 0.01%� 0.02%� 0.01%ó

Dehalogenimonas�MSɊzɥ�3ɇƕ 0�4�7�11�14�18�21�25�28�47�

493.�ǌÑ 0.05%�0.05%�0.04%�0.01%�0.02%�0.02%�0.02%�0.02%�

0.01%�0.01%�0.02%ó Dehalogenimonas� 

ș 5. 20 (C) Ğ�Ĺ2ɷɊsƃɈʋɈ[& Geobacter又ƸČ�NCʷȜÑ�

Ĺ2ɷɊ, Geobacter ó又ƸČȰ�ǉ�ƍĮƞ¢^Ģ亡��ƹĕȵ�ɱǛ�ǉ

�ƍĮƞóƿ0�Geobacteró又ƸČ�ɱ&ɀI�EOSɊǼ% Geobacteró又Ƹ

Čħz 2.64%~7.38%&Ǧ�ASɊ% Geobacteró又ƸČħz 3.2%~11.5%&Ǧ�

MSɊ, Geobacteró又ƸČħz 3.6%~10.7%&Ǧ� 

z­ĸó2ɷɊ½Ɨ,�BĬóƜǉǜȂĞ Geobacter�DehalogenimonasȰ

Dehalococcoides�ÄA Geobacterĕzƥ�Ĺ2ɷɊ½Ɨ,又ƸČƱťóƜǉǜ

Ȃ�pÍĕ Dehalococcoides�ƱĐ#ĕ Dehalogenimonas��z EOSɊ�ASɊ

ȰMSɊǼ%�æɦĹȈǓǅǦ,óƃɈɈ[%ġǍŨǌÑ Desulfitobacterium�

Desulfuromonas�DehalobacterǜȂ�ƁǌNśĕz­ĸó2ɷɊ½Ɨ,»�ƥ

ƻȧƜǉǜŭȰzÐ%�äĕƥÇǜȂ又ƸČȑ�"ǢȑŨǌǸı�w�Ǎ；

źõÐ又ƸČ�Geobacter�DehalogenimonasȰ Dehalococcoidesƥ�ʟ"õó

ƜǉǜȂó又ƸČĢǼ��ƥɈ�又ƸČóƜǉǜÆț�2ĔG TCEɨČĢȝ

æ�ɧȥɨČĕũ�ó�w��ɧȥɨČNCĲ��ɷ$ĩɄʯƜǉǜ`Ā�
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Q�;ĳ�ƥÇǖê工fy�?ǉ/�ɧñ�ĖțȺɦï�Ň$，ŎɣƥÇƜ

ǉǜȂĢȝ又ƸŧG¿ʹ&�ʌ� 

Ŏɣș 5.20�Dehalogenimonas又ƸČɱǛŉǦƩȢ�Ĳ�ĀǅCá�ǮY

ơƩȢƌº�2ʷ Geobacter�Ģȝ又ƸČćĕɱųɝŉǦƩȢ�0�

Dehalococcoides ǜȂĢȝ又ƸČćĕȯđ��ɜɽ�ƥÇǐƐ工f$rƜǉǜ

ȂóŉªūȞ人Ǯ$r�[Ĥ¼ó�ȧűə½ƗųɝGó TCE ƜǉǜȂC

Geobacter × Dehalococcoides ĞɴǮ�Ä$wĞűəȧʟ$r�³ʲ��ĕƉ

IÅ/：ųɝGó Geobacter 又ƸČ�æ�ȹȰɪȲ�bæ Geobacter ĕ.ȅ

TCEBĬóƜǉǜ�w�ŷƑ`ȍ5ƦǤóE二ñ���æ Dehalococcoides三

ǃ DCEȰ VC�ȍ$，ƚɩ%ǦƑñóƐǠ� 
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ș 5. 20ƜǉǜȂ (A) Dehalococcoides�(B) Dehalogenimonas�(C) Geobacteræ

ɥ�ȈǓóʲ/�  

0 4 7 11 14 18 21 25 28 32 35 39 42 47 49
0.00

0.05

0.10

0.15

DayD
eh

al
oc

oc
co

id
es

 㬟
者
盏
ኞ
ᇔ
穉
ֺ
�(

%
)

EOSབ
ASབ
MSབ

0 4 7 11 14 18 21 25 28 32 35 39 42 47 49
0.00

0.02

0.04

0.06

DayD
eh

al
og

en
im

on
as

 㬟
者
盏
ኞ
ᇔ
穉
ֺ
�(

%
)

EOSབ
ASབ
MSབ

0 4 7 11 14 18 21 25 28 32 35 39 42 47 49
0.000

0.005

0.010

0.015

0.020

0.025

DayD
eh

al
ob

ac
te

ri
um

 㬟
者
盏
ኞ
ᇔ
穉
ֺ
�(

%
)

EOSབ
ASབ
MSབ

0 4 7 11 14 18 21 25 28 32 35 39 42 47 49
0

5

10

15

Day

G
eo

ba
ct

er
 㬟
者
盏
ኞ
ᇔ
穉
ֺ
�(

%
)

EOSབ
ASབ
MSབ

(A)

(B)

(C)

上傳時間：2018年12月21日下午 04:31



yɃ{ǉ�ƍ�ĖȫǺ`ñƼ¾®Ơ	čgƜǉǜ`ȞȮǘ 

 
64  

5.4.5 ǰ`ñǜȂh(�a 

Ğ乙ȅǰ`ñǜȂǦóh(�a�ŷ$rĲȅŉǅ (TCE→DCE/VC) ǰ`ñ

ǜȂ又ƸČǖvǰ`ñȮȌ (microbial network)�čgóǜȂǦó`Ȟ亡ąȮǘ�

ŷƿËɗŽ亡入ǰ`ñœĀó亡入Ȋŝ�`ȞƅȂȮǘčgĕŎɣ�@EťƦǤ

Üª®Ơ.ëŉǦªqóɈ[%sȧǜȂ 16S rRNAűwó又ƸČ�ǎĐ.ës

ǜȂ又ƸČâ�&Ģ亡ã�ſǛŁ�ƾįñȧ
ñȧ亡ąó Lotka–Volterra `Ȟ

ɋ��ǟ�GsǜȂǦó`Ȟ(ū亡ą�[Ĥ¼ĽmȓĭʷȜƜǉǜ

Desulfitobacterium�Dehalobacter�Desulfuromonas�Geobacter�× Dehalococcoides

ȰÐDǰ`ñ&Ǧóh(�a��ĕz[Ĥ¼ó�Ĺ2ɷɊ (AS�EOS × MS) 

%Ʈ»�ŨǌÑ Desulfitobacterium�Dehalobacter × Desulfuromonas�w��R

ŷ�Ğǽʋ�也ȳG(ūȮǘ� 

ș 5.21Ğ EOS2ɷɊ�AS2ɷɊ×MS2ɷɊƜǉǜȰÐDǰ`ñóh(

�aȮȌș�Ħ�ɒýf²Òù (depressor)�ýfǰ`ñ&ǦĞ²Ò亡ą�ȭ�

ɒýfɶ�ù (helper)�ýfǰ`ñ&ǦĞ�Ā亡ą��ɏɳĒtǰ`ñýfĕ

ſÕù�Ì}ș 5.21 (C) BA008 ǵɶ� Geobacter `Ā�� Geobacter ǵ²Ò

Ignavibacteriaceae `Ā�Żș 5.21 工fʉǎĕCƜǉǜ Geobacter ×

Dehalococcoides �Ğǽʋǣ�h(�a.ë��ƫȑ NGS .ëǖêǐƐ

Dehalococcoides 又ƸČāŸ5�ɢĩz Dehalococcoides ǣ�ǰ`ñh(�a.

ëşʢČĎ �BĬƮĕC GeobacterĞBóh(�aȮǘș�ș 5.21�Ĺ2ɷ

Ɋ>ȍNCǐƐ EOS 2ɷɊó Helper ĕȍ{ó�� AS 2ɷɊó Depressor ȍ

{�HelperĎ5�ýfz EOS2ɷɊóɼȚĕ��æ Geobacter`Āó�2&�

z AS2ɷɊɼȚ�ƣ{ÐDóǰ`ñǵ²Ò Geobacter`Ā��ɚóĕ�MS2

ɷɊóƜǉǜh(�aƹ工Ǜy> EOS2ɷɊ× AS2ɷɊʎƴƣ{�NCģÑ

ƣ{ǰ`ñ (Koribacter�Comamonadaceae�Aquabacterium�Ignavibacteriaceae�

BA008× SJA-88) Ʈĕ��æ Geobacter`ĀA»�ǰ`ñǵ²Ò Geobacter`

Ā�ƥ#ĕ Geobacter z MS 2ɷɊ%Ģȝ又ƸČťóBw�ƫȑǰ`ñh(�

aźõ$rȥǹƿËóǰ`ñȧʟ$r�ǣ�¶ǵɄʯƜǉǜɇǤ�vɛóȥǹ

NC��æɀIƜǉǜóȧʟ×ɇǤ�
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ș 5. 21ǰ`ñh(�aȮǘș (a) EOS2ɷɊ (b) AS2ɷɊ (c) MS2ɷɊ 
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5.4.6ǰ`ñǜǤ.ëǖê (QPCR；) 

bmĆ?ə.ëóǖêNźõ�ɱǛɀI�ǉ�ƍóĮƞ�s2ɷɊ,ǵ�

$róʲ/�ȕĕ AS ɊɱǛŉǦóɀI�Ð�ȹ�ƩȢƚɩó人Ǯ�äùĕɱ

ǛŉǦóɀIC1�ǉ�ƍĮƞóɀI��Ĺ2ɷɊ,Ʈ��ǉ�ƍóƚɩǔǔ�

ƥÇƮʫæɼȚóʲū��zɼȚ³ʲóż？��ǰ`ñƅȂǖȠȰɇǤNś�

ǵƑ`ʲ/�ƊǷƽǀzsȈǓ%ǰ`ñóœĀ�ȫǺÜǤǰ`ñɇǤĕYĬó�

w��[ĭǏƃa� QPCR；�.�Ƥĭ$r7�CŶ�yÜǤɈ[%ʂƘǜ 16S 

rRNAűw�Dehalococcoides 16S rRNAűwȰOǜűw� 

 

5.4.6.1 ʂƘǜ 16S rRNAűw QPCR 

bș 5.22 NģÑ�Ĺ2ɷɊsĹƃɈʋɈ[zʂƘǜ 16S rRNAűw QPCR

ó.ëǖê� 

EOSɊɈ[zƕ�ȈǓȰƕ�ȈǓĆǅ�ɱǛ�ǉ�ƍĮƞóɀIǵƿ0ʂ

ƘǜɇǤ (1.08×109~3.48×109 copies/mL)�ǎ�zɥ�3ɇƕ 243ŉ�w2ɷɊ

ɥ�Ȱȯ小亡ą�Ê2ɷɊ,ƈ已ſʧÑ÷Ő%óőŐ�Ż QPCRǖêNCģG

ƥɈóʲūÊź2ɷɊ,ʂƘǜɇǤb 3.48×109 copies/mL ǋ5� 1.51×109 

copies/mL�zƥ&Đ�EOSɊóʂƘǜɇǤ�ɱǛ�ǉ�ƍĮƞɀI�ƩȢɀI�

�ôÑƕTȈǓŉ�ǰ`ñʂǜǤĲ�Ğ 1.60×109 copies/mL�ƁǌNśĕwĞ2

ɷɊ,ǰ`ñǍ；1ŉŷ�ǉ�ƍ¨nĲȅ�Ǎ「ó�ƍ��ĕĢȝyƚɩz�

ǉ�ƍóǨĚ (ș 5.3)�w�ɢĩ2ɷɊ,ȝæťɨČ�ǉ�ƍä�ǉ�ƍȍǍ

ĨÕãóǰ`ñƅȂó��� 

ASɊɈ[óǖê工f�zĆ�ĹȈǓ,�·Ǽ2ɷɊ,�ǉ�ƍĮƞɀI�

Ʈǵɢĩǰ`ñɇǤó�Ĳ�ɱĐćpɱǛŉǦóɀI�ǰ`ñɇǤĞ

7.88×108~4.33×109 copies/mL�ǎ�ƕTȈǓ%óťɨČ�ǉ�ƍĮƞrɈȝ AS

Ɋ,ǰ`ñɇǤÊÐǋ5� 1.18×109 copies/mL�ĽwƁǌNśĕ ASɊ,óȥǹ

$Ã (ș 5.7 (B))�ıÒ�2ɷɊ,ǰ`ñó`Ā� 

MSɊɈ[óǖêć工f�zĆ�ĹȈǓ,�ÐʂƘǜɇǤʉ�åŠj��Ż

人ǮÍģ�ĕ¢Ɛɓȟ�Ĳó人Ǯ�ǰ`ñɇǤħĞ 8.98×108~2.25×109 copies/mL�

ôÑƕTȈǓ�ʂƘǜɇǤ#��ƺɀI� 3.18×109 copies/mL�rŉ�švmĆ

ó�ƍ¥Ǥǖê (ș 5.4) �ʷȜÑMSɊó�ƍ¥ǤzƕTȈǓŉ�ƺƿ0�工

f�ŉ MS Ɋ,�Ê*��ǉ�ƍóƚɩ (ș 5.3)��ƜǉǜȂȍmĆ´ś�Ň
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yŷ�ǉ�ƍ三ǃ��ƍ�Ɓǌɷĕ�ŉ2ɷɊ,óƜǉǜȂ�ȍ�ƺČóɀĀ

ÊÐƜǉĝãĢȍæĆ�ȈǓĕ>ȍŹó� 

ș 5. 222ɷɊɈ[&ʂƘǜ 16S rRNAűw QPCRǖê� 
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5.4.6.2 Dehalococcoides 16S rRNAűw QPCR 

Dehalococcoides Ğ2ɷɊ,İĬóƜǉǜȂ&��ÄA Dehalococcoides ǜ

ȂÏ�ŷ�ǉ�ƍ¨nƜǉ��ƍóś��乙ȅ�ǜœĀȝæƽǀ2ɷɊɦ已ó

Ɯǉż«ĕ�ɶ�ó�w�­ĸ�a QPCR ；ǣ�¶ÜǤ2ɷɊ,

DehalococcoidesóɇǤ� 

bș 5.23 NģÑ�Ĺ2ɷɊsĹƃɈʋɈ[zDehalococcoides 16S rRNAű

w QPCRó.ëǖê� 

EOSɊɈ[ó Dehalococcoides 16S rRNAűw QPCRǖê工f�zƕ�ȈǓ

�ƕ�ȈǓüǅ DehalococcodesɇǤ¢ƐɀIó人Ǯ�6Ðzƕ�ȈǓóƕ�Ĺ

ƃɈʋśŴŨǌÑťȏ 5.28×106 copies/mLó Dehalococcoides��zƕ�ȈǓó

ƕ�ĹƃɈʋ&Đ�NCʷȜÑ Dehalococcoides ɇǤ一Ǧǋ5ƣ{�RŨǌÑ

2.32×106 copies/mLó Dehalococcoides�ƥĕbæzɥ�3ɇƕ 243ŉ�´ǃ�

ǴóȤǌɟ�rŉ�İǴŋ^2ɷɊ%ó pH meterȰ ORP sensor�Êź2ɷɊ,

ƈ已ſʧÑ÷Ő%óőŐåɢĩ�bæƜǉǜȂȻĬzȗőɼȚ�#ś�ĝ�2

ɷɊ,őŐɨČɀIȝæƜǉǜó`Āĕ$�ó�ǎ�ɱǛŉǦóɀI�2ɷɊ

,óőŐǵơ�ÇĻãȗőóǰ`ñ�aƀ�Ê2ɷɊNCxƼÑǗȝȗőóò

Ȟ��ÄA�­ĸƿť��ǉ�ƍóǣ」Ǥ�ǣ�ǵ²Òcʸǜó`Ā�Ȓ�ó

」tǵũtƜǉǜ�ɶ�Ɯǉǜó`Ā�w�zƕ�ȈǓȰƕTȈǓ�­ĸ�ʷ

ȜÑ DehalococcoidesóɇǤƩȢɀI� 

AS ɊɈ[ó Dehalococcoides 16S rRNA űw QPCR ǖê工f�zƕ�ȈǓ

�ƕ�ȈǓ&Ǧ�Dehalococcoides óɇǤ¢ƐɓȟɀIó人Ǯ (b 2.04×105 

copies/mL ɀI� 1.93×106 copies/mL)�ʉǎzƕ�ȈǓĐǅ Dehalococcoides ɇ

Ǥǋ5Ğ 4.04×105 copies/mL��ɱǛǣÑƕ�ȈǓɀI�ǉ�ƍóĮƞ�ÐɇǤ

Ď¬��ĀxÍ�ƕ�ȈǓĆǅNCʷȜÑ DehalococcoidesóɇǤp�ǋ5�Ɓ

ǌȰp�ɀI�ǉ�ƍóĮƞ�亡�ƜǉǜNśȻĬ�ʋŉǦɛɷ´ť�ǉ�ƍ

ɨČóɼȚ��ƕ�ȈǓ%ǅ�ƕTȈǓ�DehalococcoidesɇǤć$4�ʲ/�

Ɓǌɷĕ�ŉ2ɷɊ,ȥǹơ�aóń${ (ș 5.7)�w�ıÒ�ƜǉǜäÐD

ǰ`ñó`Ā� 

MSɊɈ[ó Dehalococcoides 16S rRNAűw QPCRǖêć工f�ɱǛɗť

�ǉ�ƍóĮƞ�Ð Dehalococcoides óɇǤ¢ɓȟɀIó人Ǯ(b 2.89×105 

copies/mL ɀI� 2.48×106 copies/mL)�ǎ�·Ǽɗť�ǉ�ƍóǣ」Ǥ�
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Dehalococcoides óɇǤćǵǒǰǋ5�工f2ɷɊ, Dehalococcoides �ȻĬŉ

ǦÍɛɷȍťĮƞó�ǉ�ƍ� 

Ȭv�Ĺ2ɷɊóǖê�­ĸʷȜÑ·Ǽɗť2ɷɊó�ǉ�ƍĮƞ�ǵm

ʷȜÑ2ɷɊ, DehalococcoidesɇǤǋ5�ɱĐpȟȟɀIó人Ǯ (ASɊ6Ğ

、工)�ȵ、ƜǉǜȻĬû�ʋŉǦɛɷ´ť�ǉ�ƍɨČóɼȚ�ÄAƿť�ǉ

�ƍɨČóɍNCɀI2ɷɊ,ƜǉǜóɇǤ� 

[Ĥ¼ǖê工f�RĬ½Ɨ%亡入ƜǉǜóɇǤȏÑė�ĹŵČ(>0.5×105 

cell/ml)��Nȏ�$ɰó TCE ʇĽƜǉóŇê�×ʜɞȧʟÄǍ4�亡Ƨ�Ɖ

IÅ/：ȍ��æƜǉǜȂ`Ā�DehalococcoidesǜȂŵČťæz�ȹȰɪȲ

ó½Ɨ� 

 

ș 5. 232ɷɊɈ[& Dehalococcoides 16S rRNAűw QPCRǖê� 
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5.4.6.3 Archaea QPCR 

bæ2ɷɊ,ǰ`ñƓ{�K¥Oǜ×Ƙǜ�ƮȻĬ�aȥǹ�ĞɺɝÍǹ

Cȯđ`Ā�w�乙ȅ2ɷɊ,OǜȰƘǜɇǤNCɶ�­ĸƁ�Ȓ�óÂt�

�ʏb QPCRó;；NCÜǤOǜæsĹȈǓ%z2ɷɊ,óɇǤ� 

bș 5.24 NģÑ�Ĺ2ɷɊsĹƃɈʋɈ[� Archaea QPCRó.ëǖê� 

ĵm�EOSɊɈ[ó Archaea QPCRǖê工f�zƕ�ȈǓ�ƕ�ȈǓüǅ�O

ǜóɇǤĕɱǛŉǦ�ɀĀó�ǎ�ǣÑƕ�ȈǓŉ�wzɥ�3ɇƕ 24 3ŉ

´ǃ�ǴóȤǌɟ�ŋ^2ɷɊ%ó pH meterȰ ORP sensor�Êź2ɷɊ,ƈ已

ſʧÑ÷Ő%óőŐ�ɢĩOǜɇǤóǋ5��ôÑƕ�ȈǓĐǅ#ȟȟɀI�

ǎ�zƕTȈǓƿ0�ǉ�ƍĮƞĐ�OǜɇǤ��Ĳ�AS ɊɈ[ó Archaea 

QPCRǖêćĕNCʷȜÑ�·Ǽƿť�ǉ�ƍĮƞ�ćOǜɇǤƮǵ�Ĳ�ȵ

、ťɨČó�ǉ�ƍȝæOǜĕ�「ãó�ǎ�ɛɷ�ĚŉǦĐ�OǜóɇǤǵ

px0�MSɊɈ[ó Archaea QPCRǖê工f�OǜóɇǤŻƕ�ȈǓŠĂǥÛ

�Ĳ�ÄAÐʙÜ�Ĳó人ǮÄ$ȕ AS Ɋǵwƿť�ǉ�ƍĮƞ��、工ó�

0ä�Ĳ�ȵ、zMSɊ%Ð`ĀƆkĕȍ$�æOǜ`Āó� 

Ȭv�Ĺ2ɷɊóǖê�­ĸNCʷȜÑɱǛŉǦȰ�ǉ�ƍĮƞóɀI�

�Ĺ2ɷɊ,óOǜɇǤƮĕ¢Ɛ�Ĳó人Ǯ��ɇǤƮ*� 1.06×108 ~1.39×108 

cell/L�ȵ、ƿť�ǉ�ƍĮƞǵǒǰ²ÒOǜó`Ā� 

ș 5. 242ɷɊɈ[& Archaea QPCRǖê�
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5.4.6.4 2ɷɊƜǉż«>ȍ 

Ż QPCRóǖêNCɶ�­ĸ乙ȅÑz·ĹƃɈʋ%2ɷɊ,óʂƘǜ�O

ǜȰ DehalococcoidesóǗȝǜǤ�ǎ�Īĕ­ĸŷ DehalococcoidesóǜɇŤC

ʂƘǜóǜɇ�­ĸĂNCźÑ·ĹƃɈʋ% DehalococcoidesóĢȝ又ƸČ�}

ș 5.25 (A)åf�z EOS Ɋ% Dehalococcoides óĢȝ又ƸČĕȍťó�Ť�z

ƕ 423óƃɈʋ�ASɊó DehalococcoidesĢȝ又ƸČȍť��ɦ已��NCʷ

ȜÑEOSɊ%DehalococcoidesóĢȝ又ƸČ×ƿť�ǉ�ƍĮƞĕ�Ģ亡ʃó�

Ǽ­ĸzƕ�Ȱƕ�ȈǓƿť�ǉ�ƍŉ�Dehalococcoidesó¥ǤʲɀI��z

ɥ�3ɇƕ 24 3ŉȐÑ$Nȓǅwř�ɢĩ2ɷɊ,¥őǤƿť�ÊźȝőŐ

ȍĞƄǲó Dehalococcoides ɇǤǋ5�w�NCʷȜÑzƕ�ȈǓüǅó

DehalococcoidesɇǤǋ5�ɱĐǣ�ƕTȈǓ�­ĸp�ŷ�ǉ�ƍĮƞƿťĐ�

DehalococcoidesɇǤ�ɱ&ɀI��z ASɊȰMSɊ;ĳ�ćNCʷȜÑƥÎ

Ĺ2ɷɊǼ%�Dehalococcoides 又ƸČóœĀ人ǮĕĎĢþó�ÄA

Dehalococcoides又ƸČ�ĕɱǛƿť�ǉ�ƍĮƞ�ɱ&ɀI� 

}ș 5.25 (B)åf�­ĸŷ�Ĺ2ɷɊó Dehalococcoides ƜǉƨƎ (ș 5.9 

(A)) ŤC DehalococcoidesțȺǜǤ (ș 5.23)�ǵźÑ·Ĺ2ɷɊz·ĹƃɈʋ

ŉó·Ĺ DehalococcoidesƘǜóX§ǉMŤƎ (mole C/day/DHC cell)�NCʷȜ

Ñ�X§Íģ�MSɊǼ%·3�·ʊ DehalococcoidesƘǜNCƜǉóɇǤĕȍ

{ó�AS Ɋ�&�EOS Ɋƕ��­ĸƁǌzɦĹɥ�ȈǓ,��Ĺ2ɷɊġ\

ȏÑǅƜǉƨƎóǸı�w�Ǎ；Ř^>ȍŀĹ2ɷɊóƜǉƨƎȍÉ��bæ

EOS ɊǼ% Dehalococcoides óțȺǜǤȍť���Ĺ2ɷɊ·<óǉMŤƎĕ

Ģþó (ș 5.9 (A))�w�Ģȝy�EOSɊó·<�·ʊ DehalococcoidesƘǜó

țȺƜǉƨƎǵȍȟ� 
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ș 5. 25s2ɷɊ& (A) Dehalococcoides又ƸČ>ȍ�(B)Ɯǉż«>ȍ� 
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5.4.6.5 2ɷɊæsȈǓ,&ƘǜȰOǜ>Ì 

2ɷɊ,óǰ`ñȧʟƓ{�ÄAǼ%óǰ`ñ&Ǧó亡ąĕĢǼɕ上ó�

ƉIȥǹśŴʶƑƇǜȂƑ`ƇŐËǙƜǉǜ`ĀÄǣ�ʇĽƜǉ2ɷ�ǎ��

2ɷɊ,��Ǥócʸǜ�ǵȰȗőƜǉǜ口ðƇŐ��Ɯǉǜ`ĀƨČɓȟ�

�ZƜǉǜǍ；ɻźÃŴƇŐ�ĞȒ�ƿËù�Ɯǉǜó`Āƹǵǋɓ�w�2

ɷɊǼ%OǜɇǤǵǦſɄʯÑƜǉǜó`Āż«�Q�;ĳ�ȗőƜǉǜ$Ǭ

ȻlɭƑƇǜȂǣ�ȗőʇĽƜǉ2ɷ�ʇȻĬÐDo`ǜƿËȯ`ř B12�Y

ȻŒűȹǔ`Āw�ĄǣƜǉǜ`ĀȰƜǉÖ¤2ɷ�w�乙ȅ2ɷɊ,OǜȰ

ƘǜóɇǤ>ÌĕĢǼİĬó�NCɶ�­ĸƽǀƜǉǜz2ɷɊ,`Āż«ó

|ʘ�Ť�&U�ȥǹóɯɤ�ĕ¹Ü`ĀǜȂóİĬ亡入�[ĭǏåÊaóÅ

/：��ȹȰɪȲĞ$rɕ上ǓČóȥǹ�ÐĲȅƬņġ$r�w��Ĺ2ɷɊ

åɝGÍóǜȂǖȠ�ǵ�å$r��­ĸNCʏb.ëƘǜȰOǜóǜǤÍ乙

ȅƿť�ǉ�ƍóĮƞĕ ǵɄʯ�Ĺ�a$rȥǹó2ɷɊ,ÐƘǜȰOǜ

óǜǤ>� 

}ș 5.26 工f�EOSɊzƕ�Ȱƕ�ȈǓ (Day 0 ~ Day 32) Oǜó>Ì�

ħz 37~50%&Ǧ��zƕ�1ƕTȈǓ (Day 35 ~ Day 49) ŉ�ɱǛƿť�ǉ�

ƍóĮƞ�Oǜó>ÌȢȢǋ5��ħz 29~38%&Ǧ�ASɊzƕ�Ȱƕ�ȈǓ 

(Day 0 ~ Day 32) Oǜó>Ì�ħz 32~54%ŬǦ��zƕ�1ƕTȈǓ (Day 35 

~ Day 49) ŉ�ɱǛƿť�ǉ�ƍóĮƞ�Oǜó>ÌȢȢǋ5��ħz 28~37%

&Ǧ�MSɊzƕ�Ȱƕ�ȈǓ (Day 0 ~ Day 32) Oǜó>Ì�ħz 38~50%Ŭ

Ǧ��zƕ�1ƕTȈǓ (Day 35 ~ Day 49) ŉ�ɱǛƿť�ǉ�ƍóĮƞ�Oǜ

ó>ÌȢȢǋ5��ħz 29~38%&Ǧ� 

Ȭv�Ĺ2ɷɊóǖê�­ĸNCʷȜÑzƕ�ȈǓȰƕ�ȈǓ%�Oǜġ

��2ɷɊǰ`ñ%Ď�ó>Ì��ôÑƕ�ȈǓȰƕTȈǓ%�Oǜó>Ì#

ɱǛŉǦǣŃ¢ƐƩȢ�Ĳó人Ǯ�Q�;ĳ�bæÅ/：��ȹȰɪȲĞ$r

ɕ上ǓČóȥǹ�­ĸĽmŦƤ�Ĺ2ɷɊóOǜȰƘǜ>Ìġǵ$r��ǖê

工f�Ĺ2ɷɊ¢ƐóOǜȰƘǜó>Ì人ǮĢǼſþ�­ĸƁǌbæƥ�Ĺ2

ɷɊzȔɝǨĚġÊaÅ/：�Ğȥǹ��z­ĸ´ǃȥǹ�ǥÛɥ�2ɷɊÑ

ǖµƃɈƥĚǅǦ�ŉǦ$ŴĀÊź2ɷɊ,Ľ[óÅ/：ʇ»�ɦĹơǿǃƀ�

w�´ǃȥǹóŇɷʇ»ɮ；ǐǁÑĎ|ó�a�Êź�Ĺ2ɷɊóƘǜȰOǜ

>Ì�ńƒ$��  
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ș 5. 26ƘǜȰOǜ又ƸČ>ȍ�(A) EOS�(B) AS�(C) MSɊ&ƘǜȰOǜ又

ƸČ>ȍ� 
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5.4.7 ǰ`ñťƦǤÜª.ë (NGS) Ȱǰ`ñǜǤ.ë (QPCR) &>ȍ 

Ğ�žŜɈ[%ǰ`ñǜȂ又ƸČ�­ĸƃÔ$ró;；ɡÍǣ�ǜȂ又Ƹ

Čó.ë�.�ĕǰ`ñťƦǤÜª.ëC1 QPCR�ǰ`ñťƦǤÜª.ëN

Cʶ­ĸõȎɈ[%sǜȂóĢȝ又ƸČ�� QPCRNCʶ­ĸõȎɈ[%ŖÜ

ǜȂóǗȝǜǤ�ğ�NCŷÎĹ;；ɡŧǖv�Í¸źŖÜǜȂóǜǤ�Ì}	

ŷr�Ɉ[z NGSåźÑóƜǉǜ Dehalococcoides又ƸČĶ� 16S rRNA űw

QPCRåźóǗȝǜǤ�­ĸNCǣ�¶ŷ NGSåǌÑó Dehalococcoides又Ƹ

Č三ǃ�ǗȝǜǤÍŧ>ȍ� 

zș 5.27%�­ĸŷs2ɷɊƃɈʋɈ[& NGSɇɣó Dehalococcoides又

ƸČĶ�ʂƘǜ 16S rRNA QPCRɇɣĐåźÑóǗȝǜǤŧ>ȍ�ŻǖêNC

õȎ�Äāå�óƃɈʋɈ[%ġNǌÑ Dehalococcoides�z EOSɊǬzƕ 4�

18�21�32�39�42�493óɈ[%NŨǌÑ.�Ğ 2.49×104 cell/mL�3.67×105 

cell/mL�7.64×105 cell/mL�1.80×105 cell/mL�5.06×105 cell/mL�3.51×105 cell/mL�

3.85×105 cell/mLó Dehalococcoidesǜɇ�ASɊǬzƕ 4�7�323óɈ[%N

ŨǌÑ.�Ğ 7.71×103 cell/mL� 2.18×105 cell/mL� 1.49×105 cell/mL ó

Dehalococcoidesǜɇ�MSɊćĕzƕ 0�4�7�21�25�39�493óɈ[%.

�NǌÑħ5.79×104 cell/mL�1.97×104 cell/mL�1.55×105 cell/mL�1.35×105 cell/mL�

2.80×105 cell/mL�1.30×104 cell/mL�4.59×105 cell/mLó Dehalococcoidesǜɇ� 

ǎ��­ĸ�a QPCR ；ŨǌsɈ[% Dehalococcoides ǜɇåźóǖê工

fsƃɈʋɈ[,ġ¥� Dehalococcoides�ÄANCʷȜÑɱǛɀI�ǉ�ƍó

Įƞ�Dehalococcoides ǜȂɇǤ��Āó人Ǯ (ș 5.23)�C QPCR ŨǌɈ[%

DehalococcoidesɇǤóǖê工f�EOSɊsƃɈʋɈ[åǌÑƱ�ȰƱťǜɇ.

�Ğ 5.97×105 cell/mLȰ 5.28×106 cell/mL�ASɊ%sƃɈʋɈ[åǌÑƱ�ȰƱ

ťǜɇ.�Ğ 2.04×105 cell/mL Ȱ 1.93×106 cell/mL�MS Ɋ%sƃɈʋɈ[åǌ

ÑƱ�ȰƱťǜɇć.�Ğ 2.89×105 cell/mLȰ 2.48×106 cell/mL� 

�ǵƪ�Îȧ;；ɡåźÑóǗȝǜɇńƒóĽwBĬĕwĞÎĹ;；å

Êaó7�$r�Ŷ�ãǓČ�$r�­ĸaÍŧťƦǤÜªó7�NCƋȱƘ

ǜC1OǜóDNAŬŰŧɀƺ��aÍŧQPCRó7�ćĕŢȝDehalococcoides

ó DNA ŬŰŧɀƺ�w��z�ĭǏ%�­ĸ´ǭtC QPCR åźÑ&

Dehalococcoidesǜɇŧțʴɇɣ�óžŜȰȵ、�� NGS;；I� QPCR；å

¸Gó DehalococcoidesǜɇćaCȶ�ŭ� (OǜóǜɇÜǤ�ĕ)� 
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ș 5. 27ǰ`ñťƦǤÜª.ëǖêǃȪ DehalococcoidesǗȝǜɇ� 
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5.5ǖêŜɘ 

1. ASɊȍ���ǉ�ƍóƚɩ 

ƉI�ȧȥǹ (Å/：��ȹ�ɪȲ) .�ǖȠɕ上ǓČ$r��ǰ`ñġ

N�aƥÇȥǹ (Å/：��ȹ�ɪȲ) z?ȅȑǓåƑ`óȒ��Ğ`Āóś

ǤÍǹ��Å/：ȰɪȲó?ȅȌņƱƛƮǵ?ȅ��ȹ�p士ʭơE二�c �y

�ő/ȥ�ä`ñəǤ�ƥ�ȧűəzȗőƆk�.ȅƑ`ƇŐŇƎ$r�

ɪȲǐȸƑƇƨƎ¬�ÊɼȚƇ.ɵȍť�Å/：ǐȸƑƇƨƎȍȟ�ÊƇ

.ɵȍ��AÅ/：ǵɨʀ �	� ɨČ�ÊƜǉ2ɷū�ɡȍ¬��ȹ.ȅ

Ƒ`ƇŐ.ɵƱ��ËǙȒ�æʇĽƜǉóŇƎƱ��w��ƉI�ȹ�Ğ

ȥǹó ASɊzƕ�ȈǓŠĂǥÛ��ǉ�ƍóƚɩ�EOSɊȰMSɊć.�z

ƕ�ȈǓȰƕTȈǓ#ǥÛ��ǉ�ƍóƚɩ�w�­ĸNCƁɘGÅ/：Ȱɪ

ȲƥÎȧȥǹÐ?ȅåƿËóȒ�ɷśŴ´�Ňyʶ�ǉ�ƍƜǉ�ǉ�ƍä

�ƍ� 

2. ASɊó�ȹƚɩȍÐDÎɊ{ 

bæƣ{ƜǉǜȂȻlɭE二ǁǐȹÍȏÑ`Āóeó�w�ǁǐȹ¥Ǥó

.ëNCǝĞʇĽ`ñƜǉóİĬĒɉ&��zǁǐȹʟ%�ȹ6ĞİĬ�cʸ

ǜäƜǉǜóE二2ɷǵ�a�ȹȰƇŐ�ǣ�Ʊƛʣ/2ɷ�ǎ��ƉI�ȹ

�Ğȥǹó AS ɊzɦĹțʴóȑǓ%Ʈ��ȹóƚɩ�6ÐťɨČ�ǉ�ƍǵ

Nś²ÒƑƇ�ȹ/ǜóĝã�ÊźÑ�ƕ�ȰƕTȈǓó�ȹƚɩǤ´Ğ、工�

ȵ、 AS2ɷɊzť TCEĮƞóż？��ǰ`ñE二�ȹóŇƎȍQUÎĹ2ɷ

Ɋń� 

3. zƕTȈǓŉ�EOSɊcʸȰ�ƍ¥ǤȍÐDÎɊ5 

zƕ�Ȱƕ�ȈǓĆǅ��Ĺ2ɷɊócʸ¥Ǥ�ɱǛŉª�ɀIó人Ǯ�

ȵ、zƥĹŉǅcʸǜȂz2ɷɊ%ɷ�Ǹťóǰ`ñƅȂ>Ì�ǎ�ǣÑƕ�

ȈǓĐǅ�ƕ�ȈǓȰƕTȈǓŉ��Ĺ2ɷɊócʸ¥ǤƮɱǛŉª�ƩȢ�

Ĳ�6Ð EOS ɊzƕTȈǓĐǅå.ëÑócʸ¥ǤǸ5�Ɓǌɷĕzť TCE

Įƞóż？��ǜȂǖȠǐ`³ʲ�Êźcʸǜ又ƸČ�Ĳ�Ð³ʲɷ��æƜ

ǉǜȂǣ�ƜǉJś�wĞcʸǜǵ×ƜǉǜȂ口ðȒ��Īcʸǜ又ƸČ�Ĳ�

ć��æƜǉǜɻźȒ��ɀIÐ`ĀƨƎ�ǣ�ƿťƜǉƨƎ� 

z�ƍó¥Ǥʲ/���Ĺ2ɷɊå¢Ɛó�ƍ¥Ǥʲ/¨n$r	EOSɊ

ó�ƍ¥Ǥzƕ�ȈǓÑƕ�ȈǓüǅĕ¢Ɛ�0ó人Ǯ��Ñ�ƕ�ȈǓĐǅ
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ćǥÛ�Ĳ�ôÑƕTȈǓǖµ�AS Ɋó�ƍ¥Ǥzƕ�ȈǓüǅǥÛɀIÑ

�ÜǤĐ��ôÑƕTȈǓǖµ�2ɷɊ,ó�ƍƮăđĢró¥Ǥ�MS Ɋó

�ƍ¥Ǥzƕ�ȈǓȰƕ�ȈǓüǅÞ\ǥÛƚɩ�Żƕ�ȈǓĐǅć¢Ɛ�0

ó人Ǯ�ôÑƕTȈǓ�bæ�ǉ�ƍƱƛǵĲȅ��ƍ�ÄAb¥ǉ�ƍɇɣ

.ëNźõEOSɊzƕTȈǓŤ��ǉ�ƍ (ÐƚɩóǤÄ\ťæÐDÎɊ) Ä

ǍÐD¥ǉ/vñƚɩ�w� EOS ɊzƕTȈǓŉ�ƍ¥ǤǸ�ĕeĆɇɣȍ

Ǎ；ȅ子óƭ.�­ĸƁǌɷ�ǰ`ñNCǣ�¶E二�ƍ�#ɢĩ2ɷɊ,�

ƍ¥Ǥũ�óƐǠ�QU�ASɊȰMSɊzť TCEĮƞóż？��Ð�ƍ¥Ǥ

.�¢ƐÜķȰ0ťó人Ǯ�ĢȝÍ了ĕȍĞvƏó�ʉǎ��ǉ�ƍóƚɩ (Ǭ

ǒťæ·<ǣ」óǉƝ�ɇ)��ƜǉƨƎÈǎĎ¬óż？���ǉ�ƍ*ǎNC

ơ¨nƜǉ��ƍ� 

4. ASɊóƜǉƨƎzƕTȈǓŉȍȟ 

Ğǟ��ǉ�ƍƜǉJśýƐ|ʘ�w�­ĸƃÔĭȪs2ɷɊzsȈǓƜ

ǉƨƎó;�Íǣ�>ȍ�­ĸ�a ECD .ësȧ¥ǉ�ƍñə¥Ǥɇɣ�Ť

Cƴ�ŉǦĐźÑsȈǓ&X§ƜǉƨƎ�ǖê工fs2ɷɊzƕ�Ȱƕ�ĹȈ

ǓåźÑóƜǉƨƎĢǼ�­ĸƁǌƥĕwĞ­ĸǙ'ó TCE ĮƞǤÞ\ȏÑ

2ɷɊåśĮƞóǸı�w�Ǚ'{5 TCE ġǵơĲȅ�ÐD¥ǉɇȍ�ó¥

ǉ�ƍä�ƍ��zƕTȈǓŉ�ASɊóX§ƜǉƨƎȍQUÎɊȟ��b ECD

.ëóǖêNCźõ AS Ɋ��ǉ�ƍóƚɩ�w�­ĸƁǌ AS ɊƜǉƨƎó

ʲȟɷĕ�ǉ�ƍĲȅÑǉ�ƍóȑǓʲȟ�� 

E�ǰ`ñ.ëɇɣ工f·Ĺ2ɷɊz·ĹƃɈʋŉó·Ĺ

Dehalococcoides ƘǜóX§ǉMŤƎ�ǖêʷȜÑ MS ɊǼ%·3�·ʊ

DehalococcoidesƘǜNCƜǉóɇǤĕȍ{ó�ASɊ�&�EOSɊƕ�� 

5. $rȥǹȝǰ`ñƙ�óɄʯ 

[Ĥ¼ƿËbʎƴǖȠ�ɕ上ǖȠó�ȧȥǹʷȜȝǰ`ñƙ�óʲ/�ǖ

ê工fǡɕ上óȥǹȝǰ`ñƙ�ǡʙÜ�2ʷ�ǡʎƴóȥǹ (}	�ȹ×Å

/：) ǵʶǰ`ñǜȂǖȠʲūǡȿŕ�ǣ�¶ɄʯƜǉ�Ň�Èɣ[Ĥ¼ǖê

工fǡʙÜóǰ`ñǜȂǖȠȝæ�ǉ�ƍƜǉĕ�ɶ�ó� 

6. Ɯǉǜóh(�a 

ƫȑ NGSÜªǖêǬGƐ Geobacter× DehalococcoidesÎȧƜǉǜ��b

æ DehalococcoidesĢȝ又ƸČȑ��ɢĩh(�aȮǘșBĬC GeobacterĞB
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Ĭǽʋ��Ĺ2ɷɊó Geobacter ȰÐDǰ`ñh(�aȮǘș工f�ȹ2ɷɊ

×Å/：2ɷɊȮǘșĕāŸɕ上ó�Ģȍ&��ɪȲ2ɷɊ Geobacter ȰÐD

ǰ`ñh(�aȮǘșĕ>ȍʎƴA��æ Geobacter `Ā�ǰ`ñh(�aǖ

êrŉ�ÖɷǖȠɕ上óȥǹ��æǰ`ñǜȂóʙÜ�2��ǡʎƴ�aóȥ

ǹǡ{ǰ`ñN�a�ɢĩƣ{ǰ`ñƑ`口ðó亡ą� 

7. ƘǜȰOƘǜ&Ǧó亡ą 

�Ĺ2ɷɊǾȑ 503ɥ���ǐƐ TCEĮƞ$ʌƿ0�OƘǜȰƘǜ>Ì

*�ħ 50%VP�švȑMTʢĒGcʸǜǵŭȰ B12v�E二Ƭņ1cʸǜN

Ĳȅ�ǉ�ƍ�工fzy�?%Ĳȅ�ǉ�ƍ�OƘǜ°ȡİĬó亡入Á�� 
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5.6ǖɘ 

[ĭǏ�a2ɷɊțʴžŜƉI$rȥǹ�ʇĽãƜǉǜȂʲ/1Ĳȅ�ǉ

�ƍó亡ʃã�C12ɷɊ,nǜĢūȞȰ�ǉ�ƍ¨nƜǉŇƎ&亡ą�[Ĥ

¼ɥ��ĹƉI$rʜɞó2ɷɊ��a¥ȥǤ�ȹʟ��ƍ1{ǉ�ƍɨČʲ

/Íǟ��Ĺ2ɷɊ TCE ʇĽƜǉ&JśýƐ�ǖê工fƉIó�ȧʜɞȥǹ

§śĄǣ TCE¨nƜǉ��ƍ��ĕzť TCEĮƞóƆk���ȹ�Ğȥǹó

2ɷɊ%�ȹĲȅǜȂĝãÕÑ²Ò�Êź¨nƜǉŇƎ�æÐD2ɷɊ�Äƚ

ɩȍťɨČó�ǉ�ƍ�ťƦǤÜª.ëǜĢóǖê工f�ƉI$rɕ上ǓČó

ȥǹ§ɢĩɦ已óǜȂǖȠ³ʲ�6ÐzƉIɪȲóż？��ǰ`ñ{ɈãƱĞ

又Ƹ��$róȥǹÄ$ǵ、工y³ʲƜǉǜóȧʟ1又ƸČ��ĕ�ƉIÅ/

：NCųɝȍťŵČó Dehalococcoides�ƉI�ȹȰɪȲćųɝȍťŵČó

Geobacter�bæ TCE/TOC>Ìȍ�(Ȓ�ËǙ>>TCEſÕȒ�)��ĹÊa$r

ȥǹó2ɷɊÐ TCEʇĽƜǉƨƎ$Ģ���Q�;ĳ�.ëƜǉǜȂȰÐDǰ

`ñȮǘ亡ąǐƐǖȠʎƴóȥǹ�}Å/：Ȱ�ȹ�Ðñȧ(ū亡ąĕĢǼɕ

上ó�AǜȂǖȠɱŉǦʲūȿŕ�Ģȝy�ÊaǖȠȍɕ上óɪȲ�Ğȥǹ�

ǰ`ñǜȂǖȠȍʙÜ�ƜǉǜȂȰÐDǰ`ñóȮǘ亡ą�ȍĞʎƴ�[Ĥ¼

čg�ʜɞȝƜǉǰ`ñ已Ȱ TCE ƜǉýƐó亡ʃã�Ģ亡�ê��æǐŃ[

�y�? TCE�ĖȫǺ`ñɦï®Ơ� 

5.7č大 

z!ǓțŪ�}�Ţȝɦïƶ¦ɯɤɛǼóʜɞ³ƪyɃȗőòȞ�ÄĄǣ

ȗőƜǉǜ&`ĀğĞ亡入�[Ĥ¼ǖê工f�RĬ½Ɨ%亡入ƜǉǜóɇǤȏ

Ñė�ĹŵČ(>0.5x105 cell/ml)��Nȏ�$ɰó TCEʇĽƜǉóŇê�×ʜɞ

ȧʟÄǍ4�亡Ƨ�ǎ��ʜɞȧʟɄʯɦ已ȗőǜȂǖȠ�{Ɉã�C1Ɯǉ

ǜ&ŵČ�ƉIɪȲǵƑ`ȍɕ上�{ɈãťóǜȂǖȠ��ĕī`ó亡入Ɯǉ

ǜŵČĈ�æƉIÅ/：ó½Ɨ�ƉIÅ/：óǜȂȮǘĈȷ>ɪȲ½Ɨóɕ上�

A��æƜǉǜó`Ā�ƥÇǐƐ三ʩ�!Ǔɷa�CɪȲĞűàóʜɞɛvz

ɦïüǅÊa�ÊyɃɼȚ¬ƨȗő/�Ä�Ǥ`ĀƑƇǐȸǜ�B12ËǙǜȂ

ǔȗőǜȂ�ƉIÅ/：ćȍ��æ DehalococcoidesƜǉǜȂ`Ā�C1��Ǌ

ƜǉȂ`ȞXɫ�ǼƜǉǜȂ"ǾȏÑ 0.5x105 cell/ml�ƉIʎƴóűə}�ȹ�

iśđʭȯđƜǉǜȂ`Ā�C1ʇĽƜǉĝã�ƥÇʜɞ®Ơ know-how N�

Ğæƶ¦ɦïŉɯɤʜɞȧʟȰ¹Ü}�Êaʜɞ&ŭ�� 
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�ēţɼȚă小Ȁ��ʠ1y�?�ĖɦïűÿȄ�Ĥ¼ȰɋƶȈʴŶō� 

ǅ%ɁĘǱÀxʐȝǻý 

  
□dɖĭǏŊ� ■ǅ%Ʒ£ 
□ĺ^ĭǏŊ� □ǅ]Ʒ£  

ĭǏ�Č 107�Č ĭǏʟĊ ■ Ĥ¼ĭǏ □ ɋƶȈʴ 

ĭǏʟ� □ɗĘ   ■ɦï   □ÐD Bđ�	¡ľ©  

ĭǏuȨ yɃ{ǉ�ƍ�ĖȫǺ`ñƼ¾®Ơ	čgƜǈǜ`ȞȮȌ 

ÚĿɁĘǱÀ ĭǏƴ�xʐ 
ÚĿ� 

1. ǅ%Ʒ£ȝĭǏŲ�Ɛ？�」Ǔ1;
；"Ï已ȵ、� 

2. [ĭǏǍ�土Ǉ� 
3. ǅ%Ʒ£ȝ[ĭǏĐʭŲ�!�Ǫe
"ȵ、 (p. 50"ʎį) � 

4. ĭǏŲ�ǣČȰȓÜǣČĢƖ�Ä\
ȃĐ� 

5. ǅ%Ʒ£工fĭǏĤ¼,łȰĽĭǏ
eóĢƖ� 

6. ǅ%Ʒ£óü¶�ê工f�ÈɣĽĭ
ǏƤĭȰü¶�êåƿG&ŜɘȰč

大vƏ� 
(1) DCE óƚɩȰ C”�ȹ”ĞŜɘİ

ʋ�EOS & MS 2ɷɊ%Ǎ�ȹóƑ

G?  (ș 5.6Ĉ§Nǌź�ȹ) (Ģ亡ó

vƏãȰɧÒč大ɦvȵ、) � 
(2) ASɊ2��ȍ�ó ORP (ý 5.2)ȰĆ

įƐǠóʷȜȰƁɘóvƏã�č大

Ŝɘ� 
(3) �ƍó¥ǤȰĆįȵ、ó�ĩã ?  

č大Ŝɘ� 
(4) p. 49 5.4 ǽ 2. “AS Ɋó�ȹƚɩȍ

{”��ɘʋóǱȁ? (Ľ[ƹĕ�ȹ

Ɋ?) � 
(5) ƇŐ¥ǤȰʲ/?  
7. ǅ%Ʒ£óü¶�ê工f�eĆóĤ

1. 二二ÚĿǙ'úÜ� 
2. ÈɣɅ¸ĭǏŊƢÜ�[ōǍǫ�土
Ǉ� 

3. 二二ÚĿǙ'úÜ� 
4. 二二ÚĿǙ'úÜ� 
5. 二二ÚĿǙ'úÜ� 
6. 二二ÚĿǙ'úÜ� 
(1) EOS�AS×MSĐǅƮ�ǐƐ DCEƚ

ɩɨČħ 30-40 mg/L��Rz AS Ɋ

ŨǌÑ�Ǥ�ȹ�DCEƚɩɷȆ$R

��ȹɊƚɩƴ�wř�\Íƫȑǰ

`ñh(�aɷNC¯G�ȹƚɩó

BĬwř1ɧÒ� 
(2) bæ?%Ƈʔ�ȰƇőʔ�ǵɄʯ

ORPɇķ�w��zȍũȹã EOSȰ

MS Ɋ ORP ɇķǵĢȝ>ũ%ã AS

Ɋ ORP ɇķť�sɊ ORP $rBĬ

Ľwĕ pHķ$rɢĩó� 
(3) ƕ 50 3�ɊƮŨǌÑ DCE ɨČƚɩ

ħ 30 mg/L�Ũǌ�ƍǖêǐƐ EOS

Ɋ�ƍƑǤ�æŨǌ�ı�Ɓǌ EOS

Ɋ%óǜȂNśǵ�a�ƍ�EOS Ɋ

ǜȂȰMSɊ× ASɊǜȂ$r�\Í

ǵp�a.�`ñ®Ơǣ�¶ʴʝ� 
(4) ƜǉǜȂȻÈɭE二�ȹȏÑ`Āó
eó�ASɊǣ」ȥǹĞ�ȹ�zƕ 40
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¼�êƖvĽĭǏŊåȓǅó�ê� 
8. ǅ%Ʒ£óü¶�ê工f�[ĭǏ"
�ü¶Ĥ¼�ê�Ʒ£%ȵ、"��

�Ȧ�Ȱ��Ƴ�Ĥ¼`�ƏŭȰȈ

ʴ�ų¾�?ɦïĢ亡�#� 
9. ǅ%Ʒ£"�ü¶�ê�[�êĕ 
NɻźŶ�ä®Ơ三Ɣ�Þď\Íǅ

]Ʒ£%ȵ、� 
10. ǅ%Ʒ£"�ü¶�ê�[Ĥ¼Nś
Nƿ0ů,�ʠȰy�?�Ėɦï®

ƠȰɷa�ƖvēǕ��Nƿ0ů,�

?ɦïÆǶóǐŃ�ȝöǵǾɹǐŃ

��ŗ� 

3�ȹǍ；œŚęȣ�ƚɩħ� 70 

mg/L�工fcʸǜȰƜǉǜ`Āĝã

Nśȍ��iɄʯǉ�ƍƜǉ�Ň� 
(5) z[ĭǏ%C GC-TCD .ëƑŐƙ

���ĕƇŐ¥Ǥ§�æȽɟŨǌ�

ı� 
7. 二二ÚĿǙ'úÜ� 
8. 二二ÚĿǙ'úÜ� 
9. 二二ÚĿǙ'úÜ�­ĸeĆƤĭŖ
ÜǜȂŶ�ã7��NŨǌŖŏǜȂ

z$rɼȚóūȞʲ/�[Șǧŷǆ

tč大;t���eĆ*zǟ�ĕ 

dɖŶ�� 
10. 二二ÚĿǙ'úÜ� 

ÚĿ� 

1. ɖȵ、2ɷ½Ɨ&ʙÜã�ÈĢ亡ȭ
�Ȥǌɇɣ&ǖê�2ɷ½Ɨ&ʙÜ

ãɷǫǣ�¶ǟ�Ȱȵ、� 
2. ĪǍ；ȵ、2ɷ½Ɨ&ʙÜãćǉ�
ƍ&E二äĲȅŇƎ�ć�ď下ƊȰ

ȵ、� 
3. 2ɷ½Ɨ%Ƒñ(�ƍ)&ƚɩäʲ/

人Ǯ�ɷ�´Ğ¨ɦ&ǟ�Ȱȵ、� 
4. $rȈǓ&Ő已ƙ�1TOCʲ/人Ǯ

ǒ�ńƒ�Ģ亡ĽwĞ�
č大ĭǏ

ɷŢȝ$rƑñ&ʲ/人Ǯ�'C�

ĩã&ŜɘȰȵ、� 

1. 51 3�ƙ2ɷɊɥ� pH�ORP Ʈȯ

đzÙÜɐƵ&,»�、工yʲū�

ýfzǑ已Ƥư�2ɷɊȯđzȗő

Ɔk»�Ůʗ�zųɝǅǦ�TCE Į

ƞ$ʌƿť���Ɋó�ǉ�ƍƮN

C¨nĲȅ��ǉ�ƍ�QU�Ũǌ�

Ɋʡ－Ù已ñ(biomass) ɨČġz 200 

mg/LɐƵ,�Ȭv�į工f2ɷɊ½

ƗȯđźĎʙÜ� 
2. [ĭǏ�Ũǌ�ǉ�ƍE二Ƒñ��
ƍ�bæ�ƍ�Nśơǰ`ñ�a�

三ǃ�ÐDE二Ƒñ�ɢĩ�ǉ�ƍ

ƜǉǍ；əǤXɫ�eĆ*z�。%� 
3. 二二ÚĿč大�\Íǵzǅ]Ʒ£Ȅ
Fȵ、� 

4. 二二ÚĿč大�\Íǵzǅ]Ʒ£ǖ
vǜĢ.ëĐ�ȄFȵ、&� 

ÚĿ� 

1. ȠǳŊ1ĭǏŊ&ɁĘǱÀ1xʐż
«ɷÏ已qGC�ɁĘ� 

2. `ñƼ¾ȑǓĕ Ƒ`�ƍ?ÐƑƎ

}�?½Ɨ&ǉXɫ�}�?č大ÝI

CǤǌÄŧȵ、� 

1. ȠǳŊȰĭǏŊĆ"ÈɣÚĿɁĘǱ
Àĺ³¨��Ä"ŌÜ[ĭǏŲ�Ʀ

ȑ� 
2. `ñƼ¾ȑǓ%ǵƑ`�ƍ�Ɯǉǜ

Dehalococcoides ǜȂǵŷ VC Ɯǉ«

��ƍ�[ȘǧC GC-FID .ëƑŐ
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3. Ʒ£&ɰ�~*{�ÝIŹŋɎCƿ
0ĉə� 

%ó�ƍɨČ�ǐƐ�Ɋó�ƍƚɩ

ż«$r�bæ�ƍʇǵơÐDǰ`

ñǣ�E二Ƒ`ÐDE二Ƒñ  (Ì

}	�ʸ)�åCəǤXɫȰĢ亡ɧÒ

ʇz�。ȰĤ¼%� 
3. 二二ÚĿø^�\ÍǵIŹŋɎCƿ
ťƷ£ĉə� 

ÚĿT 

1. č大ÝpŢȝ Asȝ�ǉ�ƍ��ȹƚ

ɩȝƜǉǜzy�?ĝã1又ƸČ�

ȈʴʷǌÐǖê� 
2. `ñ2ɷɊ&ɓɔƈȝȯđ pH ʙÜ

ãÝICǌȈ�C�ȯđ pHȚ？ȝƜ

ǉɼȚǟ�� 
3. č大ÝȝĢ亡Ȉʴɋƙ.ë?əƏ/
ãəC�Ȱ`ñ.ëǪeȬǟÐy�

?&Ț？� 

1. eĆ^zǣ�Ɯǉǜ又ƸČ.ë�ȓ
ĭzǅ]Ʒ£%ȵ、ƜǉǜȰ{ǉ�

ƍ&Ǧó亡ą� 
2. [țʴċȑM�.�Êa NaHCO3�

K2HPO4/NaH2PO4 ǟ��ǖêǐƐ

K2HPO4/NaH2PO4 ȍł，ȯđ2ɷ%

ó pH�w��z[ĭǏ%�ĕÊa

K2HPO4/NaH2PO4Íȯđ pHķ� 
3. \Íǵŷ?əŭɇǖvĞ`ñ.ëÄ
zǅ]Ʒ£%¢Ɛ.ëǖê� 

ÚĿC 

1. ǣČƖvǅ%ƢȖ� 
2. Ř^ȫǺ`ñɦï®Ơóű力-ʱÜ

ǜĢ.W1(ū亡ą�*ďǅ]Ʒ£

¢Ɛ� 

1. 二二ÚĿǙ'úÜ� 
2. ǰ`ñ.�×(ū亡ąȰǰ`ñȰ{
ǉ�ƍĲȅȰ?ķŭɇĢ亡ã�ġǵz

ǅ]Ʒ£%¢Ɛ� 

ÚĿ- 

1. ǅ%Ʒ£ǣČƖv� 
2. ǅ%Ʒ£�ǟý"ȏ�ů,±Ɏ1ɑ�

ůU±Ɏ 1ɑ�Ðǐý<ǅ�ǐýƟ�

uȨ�ɄʯĒɇǔɖȄFȵ、æưǞ� 
3. [ĭǏȓǅ�êȰŇŗ�C1Ģ亡ɷ
aãč大æǅ]Ʒ£ŉICŜɘ� 

1. 二二ÚĿǙ'úÜ� 
2. eĆ"ȏÑů,±Ɏ 1ɑĤŜǵɘ

T�zǅ]Ʒ£Ćǵ[Șǧǵ���

ĭǏȓÜóʁŇeɉ� 
3. 二二ÚĿč大�ǵzǅ]Ʒ£Ŝɘ�
êŇŗ1\Íțə�óɷaã� 

 
ŶōBđ�	____________________(ʚu1ȱƯ) 
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�3,/4"0BD1C*��1A>(72!6-;92556+9:E �
Ïžǅĕ� wƽYÜ¬�

� �
F=7#)$� F�
%&�

F.4#)$� G�8%&�
�

æġ_Á� � 
 �8� æġśł� ǣ� ƍƃæġ� Ǣ� ū³µļ�

æġś�� ǢĒĕ� � � ǣĚŻ� � � Ǣ±d� �êRǥƼǑǔ� �

æġ�ş� WŰAǚǕǙǇƬÞĪkÐœţŮŜǥıĮƒǝǌkę�»�
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