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Abstract: This paper reviews the state of current research on endogenous sulfur inter-

vening in anaerobic ammonium oxidation as well as possible coupled microbial processes.

Future research should focus on the role of new-type autotrophic anaerobic ammonium

oxidation in nitrogen-cycling processes in urban rivers, including sulfur-driven autotrophic

partial denitrification with anaerobic ammonium oxidation, sulfate-type anaerobic ammo-

nium oxidation, and ferric iron reduction coupled with anaerobic ammonium oxidation;

in addition, future research should explore the role of endogenous sulfur in intervening in

anaerobic ammonium oxidation and their coupled progress in treating urban rivers with

a high level of nitrogen and a low C/N ratio. This is of great significance for solving the

issue of high nitrogen levels in treating polluted urban rivers as well as improving our
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understanding of microbial processes of N- and S-cycling in aquatic environments.

Keywords: urban river; endogenous sulfur; anaerobic ammonium oxidation; nitrogen

removal
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èx�YN�¸´¢½�±YuÐ���æ. �
¦¯	�·I¢½YÀ/ª³!

Uõ¢½Y�¸�þ, Cc5Nõ¢½�âg�A:, mÐ
�A�çÏà��£ó§[1-4],

À/KÖ��
�ÌÝ�~, ,�E�íE?u�p�Y², ÙÌ��Ï´8cà�£n

¥  '5R���Ø, ýuR���z=z, �À��øØL§, ��o��ØÇ 

$�y�ÊH�3[1-4]; �éu�BÀY?n��Y(�? A o�ü�IO: 15 mg/L)�à

�, ��í�3YN¥�È\?�Ú\�
Jpo��ØÇ�JÝ[5-6]. ã 1�)¹ÀYü

��à6Y�IO�'�. çÏà�£n��p�E�í  ´¦à�d“çÏ”üC�“Y

u”��Ï�, ù�´��K|3çÏà�£n�ó§¢�ÚNïÙ¦¢½à�£n²�

¥uy�#¯K[7-8].

30

25

20

15

10

5

2.0

1.5

1.0

0.5

0

/(
m

g
. L

1
)

A B

( )

1.0(-)

1.5(-)

2.0(-)

5(8)

8(15)

15

20
25(30)

5: “-”L«vk�¦à6Y�IO

ã 1 )¹ÀYü�Úà6Y�IO�'�

Fig. 1 Comparison of domestic wastewater discharge standards and river water quality

standards

��R�z����)Ô/¥zÆÌ����!, Ù3à��KÖ�~L§¥��

^FÃÉ�À[9-11], AO´çÏà�£n�, kÅKÖ��
�ÌÝ�~, ¥y�p�E

�íÚ�$ C/N)¸�k|u��R�zL§�u). �'u�E�í, 8cé¢½à�

S1��¸1�'5��. ¯¢þ, 1��)Ô/¥zÆÌ�����, Ù3à�NX

S�¹þ  pu�E�í 1 �êþ?±þ[12-13], ��YNÀ/�����a(�I“ç

Ï”���'[14]. éuçÏà�£n�¥y�p�E�íÚ�$ C/N)¸, #.zUg�

�“��R�z”XÛë�Ù¥��=zL§, S1XÛK���R�zL§�u),´�

���&?�ó�, éu�õ“�Ì�”Å��@£±9�E�í�k��~þäk��y

¢¿Â.

1 ¢½à�S1é��R�zL§�K�

�Ï±5, <�@�Y�¸¥���ØÌ�8Ïu��z�^, 3¢½à�S��
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Ø�¡�Ì��é��zmÐ
�õ�ïÄ, �)ØÓ�¸ÏfX pH �!M)� (DO)!

§ÝÚkÅ�¹þ�éÙ�K��^[15-17]. ,, g 2002 c°�¥��R�zL§�u

y[18], �5�õ�yâL²��R�z3Y)�XÚ(°�[19-20]
!à�[21-22]

!�Ñ[23-24]Ú

�/[25-26])��Ì�¥åXØN�À��^. à6)�XÚ¥��R�z�õUA��Åì

É�'5, �cïÄÌ�8¥3õUÿ+©Ù[9,10,27-28]
!¹5A�[11]±9��R�zL§

éà�ø��z�½þ©Û[29-30], éuçÏà�£n�¥y�p�E�íÚ�$ C/N)¸,

��R�zXÛë�Ù¥�=zL§�ïÄÿ��Ã��.

1´à�)�XÚ��|¤��, Ù¹þ  pu�E�í1�êþ?±þ. 8c'

u¢½à�¥1��¸1��ïÄ��, Ì�l�ç!�Ï�Ý?1�õ©Û[14], éuÙ

¥�!1�p�^�ïÄÌ��é“Ý\��W(í)”ù�.Y?E^�e�1g���z

L§[31-33]. ØÓ�´, CAc1é°�!°�!à�Ú�/��ÈÔ¥�=z��^FÃ

É�À[34-36]. 2014 c Kraft ��Ñ, °��ÈÔ¥�� 25% ���í�Ø�“ ��1Ì

�(cryptic sulfur cycle)”k'[34]; �
©zéS1���R�z�m�'X���
ÐÚ

©ÛÚíÿ[37-39]. ù
ïÄy¢
S1é�=zL§�K��^ØN�À.

,, 8c'u1zÔXÛK���R�zL§�ïÄ(ØE�3©Ü[37,39-45], 1

�í�����R�z��p�^(�)½¿�)�ÿ�½Ø[34,38,46]. ~X, �
ïÄL

²[40-42], 1zÔé��R�zL§¥y²w�³��^, ¿�áuØ�_³�[43]; ,	�


Æö[37,44-45]K@�, 1zÔ¿Ø¬é��R�z�)³�, $�¬äk�½�r?�^, í

ÿ1zÔë��g���z����R�zL§Jøæ��í[37]±9�U�3�
��R

�zÿé1zÔäkFÉ5[46].

,	, S1éu��R�zL§�K��^�É�±>�¸Ïf�K�. ~X, pH �

´û½1zÔé ANAMMOX (Anaerobic Ammonium Oxidation)�)ÔÓ5�'�Ïf, �

$ pH �e�)�H2S¬Or1zÔ�Ó5, 3w5^�e, ÙÓ5²w�f[47]. kÅÔ�

�3¬\�É���z�^, ¿���R�z9g���z¿�Ä�, l³���R�z

91g���z¹5[48-49].

çÏà�£n�, kÅKÖ��
�ÌÝ�~, ¥y��$ C/N)¸k|uzUg�

�1g���zÚ��R�zL§�u), �NX¥�p� pH � (7.3∼8.2) �k|u�

f1zÔé��R�z�Ó5, ,�öXÛ��±9�g3�=zL§¥��^Ú/ 

ÿØ²(. ����1zÔë�1g���zL§[31-32], �ÏL>føÉN (NO−

2 ½ NO−

3 )

���R�z/¤�p (�)½¿�) �^[37]; �z��1�í����r¦1zÔ�2

), Ó���Uë��1�í�����R�zL§ (SO2−
4 ½ NH+

4 →S2− ½ N2)
[38], ù


Ñ¬��½m�K����R�zL§�u). Ïd, &²S1XÛ0\��R�zL§,

éu�õ“�Ì�”Å��@£±9)ûçÏà�£n�ày�p�E�í¯K, äk��

Æâ¿ÂÚó§A^d�.

2 ¢½à�S1���R�zL§�p�^��)ÔA5

¢½à�S1���R�zL§��p�^´���9zÆ!)Ô!Ôn�õ«Ï

��õ�E,�)Ô/¥zÆL§, Ù¥�9� 3 �Ì��pL§, =��R�z!1g�

��zÚ1�í��L§, þd�)Ô°Ä (ã 2). �X 2002 c°�¥��R�zL§�

uy[18], Ù3Y��Ì�¥��^FÃÉ�À[19-26]; 2006 c Schubert �Äg3�Y�Ñ

Lake Tanganyika ¥y¢
��R�z��3[50]. 8c'u��R�zÿ (ANAMMOX) �
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ïÄÌ�8¥3Ùÿ+�©Ù[27-28]ÚõUÄÏ (hzoA,hzoB Ú hzsA) �½þ©Û[51]. ®kï

ÄL², °��¸¥���R�zÿ+(���ü�, �õ´ Scalindua á,  Brocadia Ú

Kuenenia á���R�zÿKÌ��3u�Y�¸¥[52-53]; ��K|uyçÏà�¥��

R�z`³ÿá� Jettenia Ú Kuenenia á, ¿�.YÝ\��W¬wÍO\ Jettenia ÿá

��é´Ý[29].
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Fig. 2 The main microbial processes of interaction between endogenous sulfur and

ANAMMOX in urban rivers

du1g���z�±¢y��íÚ1zÔ�“ÓÚ�~”, éu��zø1ÿ (NR-

SOB, Nitrate-Reducing-Sulfide-Oxidizing Bacteria) �ïÄÅÚÉ�'5, 8cÌ�8¥3/

eY!hX±9pßÝ1�ó�¢Y[31]. �C�ïÄ��[54], NR-SOB 3a�.�ÈÔ¥

åX���Ú; ,'uà�.Y¥ NR-SOB �ïÄ��[55], ®k©zL² Thiobacillus

denitrificans Ú Sulfurimonas denitrificans ´~����zø1ÿ; ��K|CÏ3çÏà�

.Y¥�uÿ�
þã��zø1ÿ, �uyÝ\��W� Thiobacillus ¤�`³ÿá[29].

éuçÏà�£n�¥y�p�E�íÚ�$ C/N)¸, ��zø1ÿ3Ù�=zL§¥

��^Ú/ ��À.

,	, 1�í��ÿ (SRB, Sulfate Reducing Bacteria) 3°�!à�±9�/�ÈÔ

¥�©Ù��
�õ�'5[56-58], éu1�í����R�zÿ (SR-ANAMMOX) �ïÄ

8cÌ��éÿ+�©l�½[59]
!¢Y?n�Aì�éÄ[60-62]±9&?��NX¥u)

SR-ANAMMOX ��U5[63], 'u¢½à�¥ SRB «+(�ÚêþCz�ïÄé�, �´

éÙ��ÐÚ�©ÛÚíÿ[12,64].
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3 (Ø�Ð"

gl 2015 c“Y�^”��Ù±5, �I�/2�mÐ
¢½çÏà���£ó�, ,

çÏà�£n�ày�p�E�í¯Kò¬Úu¢½à�d“çÏ”üC�“Yu”ù�#

��¸¯K, Ïd7Lé?�Ú�~¢½à���E�í��À. éuçÏà�£n�¥

y�p�E�íÚ�$ C/N)¸, �
¢yéS��k��~, Ø=&?XÛrzDÚ�

�z-��zÍÜø�L§(~X`zÍí�ª½CX0Ná�±MEÐ�-"���¸!Ú

\�º%±Jp C/N �), �#.zUg����R�zL§3à��=zL§¥�^

���À, �)“1g�Ü©��z-��R�z”!“1�í.��R�z”Ú“cg�.�

�R�z”�, ±9S1XÛK���R�zL§�u)Ú�ö�m�ÍÜ'X�. ù


Ø=�rz�E�í��ØJøÏ#�À�, ���²Y��)Ô°Ä��Ù¦��Ì

�Å��Ä:nØJøkÃÖ¿.
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