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Á�: �Ï¦p�YNø�Ãã, l9wîF?*.Y¥çÀÑ±Pseudomonasÿá�Ì!

äkÉ��z-Ð���zõUÿ+, òÙ·¶� LHJ-1. É��zÚÐ���z5UïÄ(

JL², ÿ+ LHJ-1 äk²w�É��zõU, é NH+
4 -N Ú TOC |^Ç©O� 99.90%Ú

56.69%, �LyÑ�p���zUå, é NO−

3 -N Ú NO−

2 -N �=zÇ©O� 92.46% Ú

89.67%. dØÓ�¸Ï�(%�'!%
!pH �ÚM)�)K�¢���, õ«�¸Ïfþé

ÿ+ LHJ-1 ø��Jäk��K�, Ïd3¢SA^¥I�	ØÓ�¸Ïf, ±éÑ�Z)�

^�, ¼���ø��Ç. É��z-Ð���zÿ+ LHJ-1 �çÀ3YNø�Ø%¥äk2

,�A^cµ.

'�c: É��z; Ð���z; ·Üÿ; ø�5U

¥ã©aÒ: X522 ©zI�è: A DOI: 10.3969/j.issn.1000-5641.2018.06.003

Screening of heterotrophic nitrification-aerobic denitrifying bacteria

and its nitrogen removal characteristics
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Abstract: In order to find a high-efficiency denitrification method, a Pseudomonas genus-

based strain was selected from the sediment of Cascade Pond in Longhong Ravine. The

strain had heterotrophic nitrification and aerobic denitrification capability and was named

LHJ-1. The results showed that the bacterial consortium LHJ-1 had clear heterotrophic

nitrification capability; the utilization rates of NH+
4 -N and TOC were 99.90% and 56.69%,

ÂvFÏ: 2018-06-08

Ä7�8: I[­��E;�(2014ZX07101102, 2017ZX07207001); þ°½Êú«p�g<â�ï

M#�8(2014-A-18); /n&E�Æ��Ü­:¢�¿m�ïÄÄ7

(KLGIS2016A03)

1��ö: Üx�, å, a¬ïÄ), ïÄ���Y�¸£n�?E. E-mail: 1391994089@qq.com.

Ï&�ö: �¬), I, �Ç, Æ¬)��, ïÄ���Y�¸£n�?E.

E-mail: mshuang@des.ecnu.edu.cn.



1 6 Ï Üx�, �: É��z-Ð���z[ÿ�çÀ9Ùø�5UïÄ 23

respectively. Concurrently, it demonstrated good denitrification ability, with conversion

rates of NO−

3 -N and NO−

2 -N at 92.46% and 89.67%, respectively. Experiments evaluating

environmental effects showed that various factors (e.g., C/N ratio, carbon source, pH,

and DO concentration) could have a significant influence on the denitrification effect.

Accordingly, different environmental factors should be investigated in practical applications

to determine the optimum growth conditions for the best nitrogen removal efficiency. The

screening of heterotrophic nitrification and aerobic denitrifying bacteria consortium LHJ-1

has broad application prospects for both denitrification and decarbonization of water.

Keywords: heterotrophic nitrification; aerobic denitrification; mixed bacterial com-

munity; denitrification characteristics

0 Ú ó

Cc5Y)��¸¯KFÃî­, Y¥��À/G¹Øä�z, ���I®¤�YN

LE�z���­��Ï. Ïd�ØY¥��®²¤�YÀ/�£+����9:¯K[1].

)Ôø�±ÃÀ/!p�Ç�`:�@�´øØY¥���k�Ãã[2]. DÚ�)Ôø�

©��zL§Ú��zL§[3-5]. g��z[ÿòY¥ NH+
4 -N 3Ð�^�e�z� NO−

3 -N

Ú NO−

2 -N, ��z[ÿ3"���¸e�� NO−

3 -N¤�í, l
øØY¥���. du�

A^�Ú�^ÅnØÓ, �zÚ��zL§I©m?1, ��ó²6§Ñ���. Ïd�Æ

[F"U
â»DÚ)Ôø�Eâ��, u÷#.ø��{[6-7]. 1984 c, Robertson �<u

y
�«U± NO−

3 -NÚ�íÓ���>fÉN�o��)ÔThiosphaera Pantotropha, ¿ò

dL§·¶�Ð���z[8]. ù�uyâ»
DÚ)Ôø�nØ, d�ºYkÆöéÐ��

�z+�ÐmïÄ. 8c���Ñ�Ð���zÿák�w\ÿá(Alcaligenes)[9]!bü�

ÿá(Pseudomonas)[2,10]!Þ�\ÿá(Bacillus)[11]Úù¥\ÿá(Rhodococcus)[12]�. nÜ

©ÛÐ���z�^Ån�ØÓ*:, o(å5�±l��¸Ú)ÔÆ�Ý?1Û©[13-14].

cö@�3�)ÔVNS, du�D4��VNS�)M)�ßÝFÝ, 3	Ü�¸¥��

í�>ûÐ�Ð���zÿ?1�z�^, 3VNSÜ�3�����¸, d��ÿ?1�

�z�^[15]. �ö@�Ð���zL§¥��Ó�á, ¦��Ú NO−

3 -N�Ó���>fÉ

N[8]. d	, 3Ð�^�e, �S��í��sA�Øå�^, 
±�����sU
3pß

ÝM)�^�eL�, ë��¤��zL§. �DÚ�)Ôø�
ó, Ð���zÿU
Ó

�?1�zÚ��z,  áó²6§, �äk�Ð�FpM)�5U, U
|^�Y¥�%


�¤g���¹Ä, )��Ç¯.

�¢�l9wîF?*.Y¥L8ÑäkÉ��z-Ð���zõU�[ÿÿ+, ?Ø


ÙÉ��z9Ð���z)n)zA�, ¿ïÄ
ØÓÏ�(%
!%�'!pH �ÚM)

�)éÙø��U�K�, ±Ï�¢Só§A^JøEâ/�.

1 á���{

1.1 �¬æ8

9wîF?* uÉ²Ü�ÜH¡, æ^*�Ü8YÌæ8.Ü�ÈÔ, ��×�eõ

$£¢�¿.

1.2 ��Ä

L8Ðz��Ä[16]: C4H4Na2O4 0.405 1 g/L; KNO3 1 g/L; NH4Cl 1 g/L; KH2PO4 0.007
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g/L; K2HPO4 0.027 g/L; MgSO4 0.005 g/L; �þ��M� 2 mL/L, N! pH �3 7.0∼7.5.

�þ��M�|¤: EDTA 100 mg/L; ZnSO4 4.4 mg/L; CaCl2 11 mg/L; MnCl2·7H2O

10.2 mg/L; FeSO4·7H2O 10 mg/L; (NH4)6Mo7O24·4H2O 2.2 mg/L; CuSO4·5H2O 3.2 mg/L;

CoCl2·6H2O 3.2 mg/L.

Ðç�N��Ä: C4H4Na2O4 0.405 1 g/L; KNO3 1 g/L; NH4Cl 1 g/L; KH2PO4 0.007

g/L; K2HPO4 0.027 g/L; MgSO4 0.005 g/L; �þ��M� 2 mL/L, N! pH �3 7.0∼7.5,  

�® 20 g. �þ��|¤ÓL8Ðz��Ä.

Eç�N��Ä: C4H4Na2O4 0.405 1 g/L; KNO3 1 g/L; KH2PO4 0.007 g/L; K2HPO4

0.027 g/L; MgSO4 0.005 g/L; �þ��M� 2 mL/L, N! pH �3 7.0∼7.5,  �® 20 g. �

þ��|¤ÓL8Ðz��Ä.

DTM �N��Ä: C4H4Na2O4 0.405 1 g/L; KNO3 1 g/L; KH2PO4 0.007 g/L; K2HPO4

0.027 g/L; MgSO4 0.005 g/L; �þ��M� 2 mL/L, N! pH �3 7.0∼7.5. �þ��|¤Ó

L8Ðz��Ä.

1.3 Ð���zÿ�çÀ

�âH��[16]Ú Zhu �[17]�çÀ�{, ��¬ 10 mL Ú«ÿY 90 mL u 250 mL I/

´¥, \«ÿÀæ¾��·!, �±þ 10 mL ·Ü�\\ 100 mL «ÿL8Ðz���, �\

30◦C!120 r/min ~K(.Ò� HPY-91), z 5 U ���g#m��Ä(10 mL ��+90 mL«

ÿ��Ä). 15 d ���� 10 mL, \\ 90 mL «ÿY·!, /¤·Üÿ�. æ^�'Dº{

Dº¤10−1� 10−7FÝ�ÿ]�, 2^«ÿ�«�Ñ�ÿ�3Ðç�N��Äþ?1y�,

����®u 30 ◦C ð§���(.Ò� LRH-150F), zU*	ÿá/�. '�]�)�û

Ð�ÿáuEç�N��Ä?1y�©lXz, ����®u 30 ◦C ð§���, zU*	

ÿá/�, ����A����ÿá. 
�]�Ó�²�þ�³ûÐ!ØÓ ��ÿá�«

u 100 mL � DTM ��Ä¥, ��3 30 ◦C!120 r/min ~K¥, 54 h �ÿÙo�(TN)�Ø

�Ç, À� TN �ØÇ370% ±þ�ÿ?1?�ÚïÄ.

1.4 ÿ+�½

DNA J��{ëì AXYGEN úi AxyPrepDNAv�£ÂÁJÝ, æ^[ÿÊÏÚ

Ô 338F(5′-ACTCCTACGGGAGGCAGCAG-3′)/806R (5′-GGACTACHVGGGTWTCTAAT-

3′)éA½«�*O, *O^�ëì©z [22]. *O�Ôæ^ Illumina Eâ?1pÏþÿS,

æ^ Qiime ^�?1êâ?nÚõ�5©Û, dþ°{3)Ôuÿúi�¤.

1.5 É��zÚÐ���z5Uÿ½

òçÀÑø��Ç 70% ±þ�ÿ+ LHJ-1 �«�Ck 300 mL «ÿ��Ä� 500

mL I/´¥, ��~K¥, z 6 ����iÿ TN!NO−

3 -N!NO−

2 -N!NH+
4 -N!okÅ

%(TOC)!OD600 �I, ÏL'� 54 h Sÿ+)�, %
Ú�
|^�¹, ©Û LHJ-1 3Ø

Ó^�e��zÚ��z5U.

1.6 ØÓ�¸ÏfK�¢�

¢�À�%�'(C/N)!%
!Ð© pH �ÚM)�(DO) 4 �Ï�&Ä�¸Ïféÿ

+)��K�. C/N � 4!8!12!16 Ú 20; %
�¯�?!¶��?!t��?ÚÄ:0;

Ð© pH �� 3!5!7!9 Ú 11; �¢�ÏLUC~K=�¢yØÓ�M)�FÝ, ��=�

60!90!120 Ú 150 r/min. ± DTM �N��Ä�Ä:, �âØÓÏ��ØÓY²��ü�

Cþ, �	ÿ+ 30 ◦C e1 30 �� � TN!NO−

3 -N!NO−

2 -N!NH+
4 -N Ú OD600 �Cz, é
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ØÓ%
�|^�¹.

1.7 ¢��I©Û�{

ÿ+)�G¹ OD600 æ^ UV-7504 ü1åb	-��©11ÝO(eÓ)ÿ½; TN ßÝ

æ^w5L1�a�)b	©11Ý{ÿ½(GB11894-89); NH+
4 -N ßÝæ^B¼ÁJ©1

1Ý{ÿ½; NO−

3 -N ßÝæ^b	©11Ý{ÿ½; NO−

2 -N ßÝæ^ N-(1-ÈÄ)-¯�X1

Ý{ÿ½(GB7493-87); TOC ßÝæ^okÅ%©Û¤(.Ò� TOC-L CPN CN200)ÿþ.

2 (J�?Ø

2.1 ÿ+�½

[ÿ)Ôõ�5uÿ´Äué 16S rDNA õUÄÏ�A½«�¡ã PCR �Ô?1

pÏþÿS, 5&ÄÔ«�+á|¤Ú?z'X. pÏþÿS(JL²(Xã 1 ¤«),

LHJ-1 � · Ü ÿ +, 3 á Y ² þ Ì � dPseudomonas(74.34%)!Cupriavidus(2.79%)!

Acidovorax (10.44%)!Acinetobacter(11.09%) Ú Pseudoduganella(1.16%)�¤, Ù¥bü�ÿ

á(Pseudomonas)Ó'��, ¤�`³ÿ. bü�ÿá´;.�Ð���zÿ[18], ùL²²

L��m�L8ÚÐz, ÿ+LHJ-1®¤�dÐ���zÿÌ��õU+á.

ØÓÿá�[ÿ·Ü)�, Ô«õ�5´L, Jp
XÚ�­½5, ÿ«�m��Ó�

)�^, 3¢SA^¥äk�Ð��¸·A5, �k|uY¥��ÚkÅÔ�øØ.

Acinetobacter

11.09%
Pseudoduganella

1.16%

Pseudomonas 

74.34%

Acidovorax

10.44%

Cupriavidus

2.79%

ã 1 ÿ+ LHJ-1 áY²+á´Ý|¤

Fig. 1 Abundance of bacterial consortium LHJ-1 community at the Genus level

2.2 ÿ+ LHJ-1 �É��zA5

É�ÿ�g�ÿ
ó, �|^�¸¥�kÅ%
�±g�)�, )��Ç¯, [��þ

p[19], Ó���ü)kÅÔ�8�. �©�
�	 LHJ-1�É��z5U, òÙ�«�±

NH4Cl ����
!¶��?�%
���Ä¥, (JXã 2 ¤«.

0∼6 h S[ÿ?u·AÏ, )����ú. 6∼18 h [ÿ?uéêO��ã, [ÿþ×�

O\, OD600 �l 0.008 O�� 0.112. �dÓ�, %
ßÝ�×�eü, l 113.175 mg/L eü

� 30.353 mg/L, ²þü)�Ç� 4.601 mg/(L·h), ü)Ç� 73.18%. dd��, [ÿ|^


�þ	Ü%
5øg�)�, äk²w�É�õU. NH+
4 -N ßÝ3 0∼6 h S×�eü, l�

Ð 3.081 mg/L ü� 0.003 mg/L, �ØÇ� 99.90%, 
�ªu­½. [ÿ)�� NH+
4 -N ��

Ø�3��¢�L§, �U´duÿNkáÂ�
Ú%
�I���|^=zL§, dy�

�x+�ïÄ[20]��. TN ��ØÌ�8¥3[ÿ�éê)��ã, l 0 h � 18 h, TN �Ø

Ç� 83.04%, ���ØÇ31 30 ��, �� 93.58%. ��[ÿ)�?\P�Ï, TOC Ú TN
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ßÝÑk¤£,, ��ªu­½. ù�U´du%
�Ñ�¦, �%
Øv�, Øv±Jø¿

v�Uþøÿ)�, [ÿÏLgM¼�Uþ, E¤[�SkÅ%ÚkÅ��º�. �W�<

ïÄuy± NH4Cl ��
�@�ÿNgM¬�� NH+
4 -N ßÝþ,[21], 
�¢�¥ NH+

4 -N

ßÝ31 6 ������±�$Y², �P�Ïâk
N,p
�q×�ü$. Sr�<o

J
ÿ¿ NR �Rü\�s(AMO)ÚàX�zs(HAO), lsÆ�Ýy²
ÿ¿ NR ��z

5U[22]. uÿ�wL², ÿ+ LHJ-1 ¥�3 AMO Ú HAO, íÿdu HAO äkûÐ�s¹

5, LHJ-1 äkûÐ��z5U. NO−

2 -N ßÝ���$, ��L§¥Ä�Ã NO−

2 -N È\, d

y���É��<�ïÄ(J[23]��. NO−

3 -N 3NX¥¥yÑk�úþ,�eü�ª³.

�pÈ\þ� 1.181 mg/L, 1 36 ���m©eü, ­½3 0.500 mg/L �m. dd�UwÑ

ÿ+ LHJ-1 �±3Ð�^�e?1��z, äkÐ���zõU. XÂI�<3ïÄÿ¿

LH-N7 � NH+
4 -N �Ø�kaquy[24], NX¥ NO−

3 -N ØäÈ\, �X�A�mò�È\

þeü. �zL§¥�)��Ý, �XÐ���z�^�u), �)�wÝÖ�Ü©�Ý[25],

�é��z�^³�~f, �U´�� NO−

3 -N ßÝk,p2ü$��Ï. ,	, �I=�

<@��Ï�U´du3�AÐÏ, NH+
4 -N ¿v, É��z�^ruÐ���z�^, �Ï

NH+
4 -N ßÝü$, Ð���z�^ruÉ��z�^[26].
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Fig. 2 Heterotrophic nitrification characteristics of bacterial consortium LHJ-1

2.3 ÿ+ LHJ-1 �Ð���zA5

�g¢�©O± KNO3Ú NaNO2����
, ±¶��?�%
, C/N � 16, �«éê

)�Ï(OD600 �� 0.091)ÿ� 2 mL, &Äÿ+ LHJ-1 �Ð���zA5.

3± NO−

3 -N ����
��¹e, *	 54 h S[ÿø�A5, Xã 3(a)¤«. ��, [

ÿ�)�u TOC �ü)ª³Ú TN ��Øäk��5, �É��zL§�¹�Ó. 6 h �

18 h [ÿ?uéê)�Ï, TOC d 113.100 mg/Lü)� 49.080 mg/L, ü)Ç� 56.60%. 1

30 ���, TOC ü)�Ç����, � 67.12%. TN ßÝ3 18 h S×�eü� 1.408 mg/L,

²þ�Ø�Ç� 0.275 mg/(L·h), TN �ØÇ�� 76.73%. TOC Ú TN ßÝ3[ÿS
�á

ÏÑk¤þ,, �É��z�ãaq. NO−

3 -N 3 0∼6 h �Ø�¯, �ØÇ� 81.57%, ²þ�

Ø�Ç 0.817 mg/(L·h). TOC Ú NO−

3 -N �~�`²ÿ+ LHJ-1 äk�Ð�Ð���zU

å[27]. 30◦C �, LHJ-1 �� NO−

3 -N �Ø�Ç� 92.46%, pu®���ÿ¿Ochrobactrum sp.
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tbtd[28]��� NO−

3 -N �Ø�Ç(76.96%), `² LHJ-1 ÿ+�Ochrobactrum sp. tbtd ÿ¿ä

k�r���z5U. 3NO−

3 -N ¯��Ø�Ó�, NO−

2 -N Ñy�þÈ\, �pÈ\þÑy3

1 6 ��� 0.890 mg/L, �=qeü, �±3 0.200 mg/L �m�Y². x+��<@���

zÐÏ NO−

2 -N �á6È\�U´du��zÐÏ NO−

3 -N �ØÇ�pE¤ NO−

2 -N ��þ

È\, �X NO−

3 -N �Ø��²ï, NO−

2 -N ��Ø�ÇJp[20]. ù��¢�y���.
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Fig. 3 Aerobic denitrification characteristics of bacterial consortium LHJ-1 with NO−

3 -N(a)

and NO−

2 -N (b) as the nitrogen sources

ã 3(b)¤«´± NaNO2����
, 54 h S LHJ-1LyÑ�Ð���z5U. dã�

�, [ÿ�,´3 18 h S?uéê)�Ï, ù�É��zA5!± NO−

3 -N ��
�Ly�

�. �
Ú%
��[ÿ)��­�E�Ô�, Cz�¹�[ÿ)�¥yÓÚª³. ��z

�^Ð©, NO−

2 -N ± 0.829 mg/(L·h)��Çeü, éA�ØÇ� 77.16%, d�[ÿ¿vká

=×���, ù��É�A5��. [ÿé NO−

2 -N ���|^Ç� 89.67%, é TN ����

ØÇ� 72.11%, ¢�"Ï, NO−

2 -N Ú TN �ßÝk¤£,, ©O�±3 1.900 mg/L Ú 2.500

mg/L. ¢�Ïm, NO−

3 -N k²w\Èþ, 6 h ��\Èþ� 2.690 mg/L, 36 h \Èþ� 1.182
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mg/L. Ñydy���Ï�U´du NO−

2 -N Ð©ßÝLp, pßÝ� NO−

2 -N ³�
��

í��s�¹5, �� NO−

3 -N �Ø�J�. �X NO−

2 -N ßÝÅìeü, ³��^~f, È

\� NO−

3 -N þÅì~�. ��L§¥Ã NH+
4 -N È\.

nþ¤ã, ÿ+ LHJ-1 U
|^ NO−

3 -N Ú NO−

2 -N ��
?1Ð���z, ù�P.

stutzeri YZN-001[10] Ú P. tolaassi Y-11[25]Ly�Ó. LHJ-1 é NO−

3 -N ��|^Ç 92.46%�

ué NO−

2 -N �|^Ç 89.67%, �� TN �ØÇ©O� 79.07% Ú 72.11%.

2.4 ØÓ�¸Ïféÿ+ LHJ-1 �ø�K�

2.4.1 ØÓ C/N éÿ+ LHJ-1 �ø�K�

%Ú���[ÿ)�L§�Ä�E�Ô�, Ù�'ØÓ��K�XÉ��zÐ���

z[ÿ�ø��Ç. C/N Lp, ¬��]
U
L¤�ü$��z�Ç; C/N L$, U
Ø

v, �¬³�ÿ�)�[19]. Ïd, ÏéÜ· C/N ´JpÐ���zÿø�Uå�!�]
�

­��!. Xã 4 ¤«, � C/N l 4 þ,� 20 �, TN Ú NO−

3 -N �ØÇÓÚk,p�ü$,

C/N � 4 � TN Ú NO−

3 -N �ØÇþ��$�, ©O� 28.30%Ú 24.11%, NH+
4 -N Ú NO−

2 -N

È\��p�, þ�Ñ 1.000 mg/L; � C/N �� 16 ��ØÇ��p�, ©O� 75.95%Ú

78.30%. OD600 3 5 � C/N FÝeÄ���, `²ØÓ C/N éÿN)�G�K�Ø²w, �

L$ C/N ¬E¤%
¤���Ï�, ��Jø�>f6�
ú, l
ü$
��z�Ç, K

�
����Ø. l¢���, LHJ-1 ·¨� C/N � 16. éuA½ÿ¿, A�âÙ#���

A�Ú¡���¸Ï�ÀJÜ·� C/N[29].
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Fig. 4 Nitrogen removal characteristics of bacterial consortium LHJ-1 with different C/N

ratios

2.4.2 %
«aéÿ+ LHJ-1 �ø�K�

ØÓ%
äkØÓ��z��> [23], ´[ÿÐ���zL§¥�>føNÚU
Ô

�, K�X��í��s�¹5[27], ?
¬K�[ÿ�ø��J. Xã 5 ¤«. ÿ+é 4 «%


�|^Çlp�$üS�g�¯�?(57.32%)!¶��?(56.43%)!t��?(46.16%)Ú

Ä:0(34.94%). 4 «%
e OD600 þwÍOõ, dp�$üS�Ä:0(0.122)!t�

�?(0.111)!¶��?(0.087)Ú¯�?(0.078). lãþ��, ÿN)��¹� TN �Øä

k��5, ÿN�Ý��, é TN ��ØÇÒ��. Ä:0| TN Ú NO−

3 -N �ØÇþ�

p, ©O� 93.92% Ú 92.73%, t��?|!¶��?|Ú¯�?|� TN �ØÇ©O�
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81.96%!68.85% Ú 59.24%, ��éA� NO−

3 -N �ØÇ� 83.76%!74.66% Ú 77.04%. ±þ

êâL², ØÓ%
¬��ÿ+é NO−

3 -N ��ØUå�)�É, ù�U�§���z��

> k'[30].

ôvz�<@�ØÄ\ÿá YN3 �´|^kÅ�, �%
´Ä:0�, ÿNÄ�ØO

�[31]. �¢�¥��ukÅ�, �%
�Ä:0�, ÿ+)��Ð, ù� YN3 LyØÓ. é0

�<çÀÑ��¼bü�ÿ H97 3±þ 4 «%
¥)�, éÄ:0Ú TN �ØÇþ�$, TN

�ØÇ=� 46.42%; LHJ-1 � H97 ��, ÙéÄ:0|^Ç�$, é TN �ØÇ%��[32]. �

¢�¥, NH+
4 -N È\þé�, þ�u 0.050 mg/L, NO−

2 -N È\þ���, ¯�?|� NO−

2 -N

È\þ��� 0.227 mg/L, ¶��?!t��?ÚÄ:0|þ�u 0.060 mg/L. ±þ`²ÿ

+ LHJ-1 U
|^þã%
)�, äkÐ���zUå.
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Fig. 5 Nitrogen removal characteristics of bacterial consortium LHJ-1 with different carbon

sources

2.4.3 ØÓ pH �éÿ+ LHJ-1 �ø�K�

�)Ô)�L§¥ pH �´­��K�Ï���. pH �Lp½L$¬ü$�)Ô�s

¹5, UC�)Ô[��> , l
K��)Ô���¹ÄÚE�áÂ. L$� pH �¬�

�Ø�Ú�)ÔL¡�x�Y)C�, ³��)Ô�)���[31]. Xã 6 ¤«, M��r�

5(pH=3)Úrw5(pH=11)�, OD600 �=� 0.001 Ú 0.002, [ÿ)�A����³�. Ó�

TN Ú NO−

3 -N �ØÇ4$, NH+
4 -N Ú NO−

2 -N È\þ4�, ø��^É�î­��. `²[

ÿ LHJ-1 3r�½rw�¸¥Ø¨)�, ��z¹54$. � pH �� 5!7!9 �, [ÿ)�

¹�, OD600 pu 0.080, ��z¹5�p, TN �ØÇþpu 75%, ©O� 79.61%!75.95% Ú

78.56%, NO−

3 -N �ØÇk¤,p, ©O� 86.03%!78.32% Ú 96.91%. 3 pH �� 9 ��,U


¼��Ð� NO−

3 -N �ØÇ, �´ NH+
4 -N È\þ�� 1.399 mg/L. ®���ïÄL², �

Ü©�Ð���zÿÑU3¥5½ w5^�)�[25], �ïÄ¥ÿ+ LHJ-1 3 �!¥5

Ú w^�eþk�r�ø�Uå, ý«ÙA^����2�.

2.4.4 ØÓ DO ßÝéÿ+ LHJ-1 �ø�K�

~K=�� DO ßÝ�m�3��'��5'X, DO ßÝ�´K��)ÔÐ���

z���­�Ï���, û½
 NO−

2 -N��Ø�Ç[33]. dã 7 �wÑ, �=�J,, NO−

3 -N
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�ØÇÄ��Ó, þ3 70%±þ, 90 r/min ��$� 74.78%. ÿN�Ý OD600 Ú TN �Øä

k��5. 60!90 Ú 120 r/min � OD600 �p, ©O� 0.088!0.097 Ú 0.083, éA TN �Ø

Ç� 76.40%!78.34% Ú 75.95%. 150 r/min � OD600 ��, =� 0.022, TN �ØÇ����

51.41%, 
 NO−

3 -N �ØÇ%� 77.55%. E¤dy���Ï�U´[ÿU
|^ NO−

3 -N ?

1g�)�, �du=�p, ��[ÿ�~´-E, [�»�, SÜ�=£�M�¥, Ïd�

�
 TN �ØÇeü, OD600 ���. 3 60 r/min � NH+
4 -N È\þ��� 0.749 mg/L, �

z�^u)�ú. 90 r/min Ú 150 r/min � NO−

2 -N È\þ²w�p, ©O� 0.942 mg/L Ú

1.678 mg/L. ®���ïÄL², $M)�Y²³�
 NO−

2 -N � NO−

3 -N �=z[34], �p�
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Fig. 6 Nitrogen removal characteristics of bacterial consortium LHJ-1 with different pH

values
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Fig. 7 Nitrogen removal characteristics of bacterial consortium LHJ-1 with different

dissolved oxygen concentrations
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M)�Y²q¬³�æ��í��s¹5[35], ù��ïÄ(J�¬Ü, ÏdÜ·�M)�Y

²´�)ÔJp��z�ÇÓ�~� NO−

2 -N È\�'�Ï���.

3 ( Ø

l9wîF?*.Y¥çÀÑäkÉ��z-Ð���zõU�ÿ+ LHJ-1, Ì�

�¹Pseudomonas!Cupriavidus!Acidovorax!Acinetobacter Ú Pseudoduganella, Ù¥ Pseu-

domonas Ó'��. É��zA5&Ä(JL², ÿ+ LHJ-1 é NH+
4 -N Ú TN ����Ø

Ç©O� 99.90%Ú93.58%, äk�r�É��zõU. Ð���z5UïÄ¥, ÿ+ LHJ-1

é NO−

3 -N Ú NO−

2 -N ����ØÇ©O� 92.46% Ú 89.67%, äk²w�Ð���z5U.

ïÄ�?�Úy¢, õ«�¸Ïféÿ+ LHJ-1 �ø��ÇK�wÍ. �¸ÏfK�¢�L

², ÿ+ LHJ-1 u�É��z-Ð���zõU��Z C/N � 16, �Z%
�Ä:0, �Z

pH ���� 5∼9, �ZÏ�=�� 60∼120 r/min, 3éA���^�e, ÿ+ LHJ-1 ��


�p�ø��Ç.

Tÿ[^u?n)¹ÀY���/Ð�(A/O)ó²¥. )¹ÀY¥ COD Ï~3 300∼400

mg/L, �p�3 500 mg/L �m, NH+
4 -N ßÝ3 30 mg/L �m. dþã(J��, � C/N �

16 � TN �Ø�J�p, 
¢SA^¥�YéJ���p� C/N, ù�U��%
Øv, l


ü$?n�J. Ïd3�Y�¢�¥I\ré LHJ-1 �Ðz, ¦ÙU
·A�$� C/N ^

�, ¿���Ð�ø��J.
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