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Abstract: We compared the removal rate of total nitrogen in urban rivers with three

kinds of media (biochar, felt, and non-woven fabric). After 84 days in operation, it was

found that non-woven fabric increased the removal rate of total nitrogen by 23.4% over the

control group; felt increased the removal rate of total nitrogen by 13.9% over the control
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group; and biochar had a poor effect on total nitrogen removal. The microbial diversity

and community composition of different media-enhanced groups were then systematically

explored; the results showed that non-woven fabric can significantly increase microbial

diversity and abundance. Moreover, proteobacteria, which is related to nitrogen conversion,

was found to be significantly higher in the non-woven fabric group than the felt and biochar

groups, especially the abundance of denitrifying bacteria (Azospirillum, Thiobacillus, and

Azoarcus). The abundance of methanogen, which is in competition with the denitrifying

bacteria Syntrophorhabdus, was found to be lower in non-woven fabric than in the control

and biochar groups. The microbial flora structure of the felt group showed a similar trend

to that of the non-woven fabric group, but the abundance of denitrifying bacteria was lower.

The microbial community composition of the biochar group was the most similar to that

of the control group. It is speculated that non-woven fabric has better biocompatibility

than other groups; this is beneficial for biofilm formation and thereby promotes the growth

of denitrifying bacteria. In a comprehensive comparison, non-woven media materials are

more conducive to the removal of total nitrogen in urban rivers.

Keywords: media; urban river; total nitrogen reduction; microbial action
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à�çÏ´·I¢½Y�¸À/�;.y���. �Xà�?E�£nó���Um

Ð, À/KÖ���ÌÝ�~, çÏy�ÅÚ���Ø, ��E�í\È¯K%àw�J±

)û[1]. �cçÏà�£nL§¥  �'5R���Ø, ý­uR���z=z%�Àé

o���Ø��o�?u�pY². XJØ\±­À, ò¬Úul“çÏ”�“Yu”#��¸

¯K. Ïd, XÛk���Ø¢½à�¥�o�´8c��)û�¯K.

�c, 'uJp¢½à�o��ØÇÌ�l�z-��zÍÜ[2], `zÍí�ª[3], 1!

c��ÍÜrz��z?1o��Ø[4-5]±9É ?n[6]��ª¢y; �k�
<Áã&?

#���Øå», XÏLÐ���zrz�E�í�Ø[7]; �kïÄöæ^#��º%


á�[8]ÏLJp%�' (C/N) rz��zø�; �
ÆöÏL¦^#�0Ná�X)Ô£

�[9]
!£�EÜÿJ[10]�ü$þCYo�ßÝ. �©}Á¦^)Ô(!fÈÚÃ�Ù�0

Ná�, |^Ù���'L¡È, ÏLáN�3Úr¦)Ô��)¤5rzéo���Ø,

(½Ñ`z�0NCXá�, ±Ï�Jpo��ØÇ�¯KJøë�.

1 á���{

�¢�±�gpAË�.Y�¢�é�, æ^ PVC ÎG�Aì��¢�C�, ¢�C

�SÁ�ØÓ0Ná�, 3 84 d $1ÏmSÿÁþCYo�ßÝ¿O��~Ç, $1(å�

æ80Ná�þNX�)Ô�?1pÏþÿÁ, )Û)Ô�S�[ÿ(�9´Ý��AC

z.

1.1 ïÄé�

�Á�¤I�à�.YÚþCYþæ8uþ°½Êú«;Ë	pAË, Tà�þ°

½ó�à��^|6, àY�YÄå^���, æ��®²LÕf£n, �E,�3o�

¹þ�I�¯K. �¬�£¢�¿�, �3 4 ◦C X�peõ�^. .Y�Ä�nz5�:

¹YÇ(62.1±3.2)%; TOC ¹þ(18.5±2.3) g/kg. ��)Ô(	guþ°÷��á, â»�
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3∼10 mm, �XY�W��^. fÈ	gu�[½�Zs§	²úi, Ã�Ù	guù�Ã

�Ù, á��Z×Ên, ­þ� 200 g/m2. þCYÄ�Y��I�L 1, pAË/n �ã�

ã 1.

LLL 1 þþþCCCYYYÌÌÌ���YYY������III

Tab. 1 Main water quality indicators of overlying water
pH DO/(mg·L−1) COD/(mg·L−1) R�/(mg·L−1) ��/(mg·L−1) o�/(mg·L−1)

5∼6 5.1∼6.0 45.13∼55.13 1.08∼3.08 3.2∼5.2 7.87∼9.87

120°25 E

3
1

°1
7

N

ã 1 æ�:/n �ã

Fig. 1 Location of the Lidianpu River and the sampling sites

1.2 Á�C�

�Á�æ^�C��g�� PVC ÎG�Aì, S» 15 cm, pÝ 60 cm. C�S��¢½

à�.Y, 0Ná��þCY, äNÁ�C��ã 2 ¤«.

ò�þà�.Y�\ØÓÎf¥, þ¡©OÁ� 3 «0Ná�()Ô(!fÈÚÃ�Ù), �

�æ^ôá�{�ú5\æ8�àY. )Ô(�Á�þÝ� 1 cm, fÈÚÃ�ÙÑÁ���, þ

¡^��Ø4��2å. �
¼�0Ná��CX�J, 2���ØCX?Ûá���xÎ�

�'�. z�Îf�.Yp� 12.5 cm, þCYp� 37.5 cm. Á�þ3¿§e?1, �­½�z

±��ÿ½þCYo��¹þ, ±©ÛµdØÓ0Ná�éà�.Yo��~��J.

1.3 ©Û�{

þCYo�UIO�{[11]æ^b	©11Ý¤ÿ½. pH �æ^ pH Oÿ½, þCYM)�

æ^B�ªM)�¤ÿ½.

þCYNo���~Ç(R)�O��{´[12]

R =
CN,i

− C
i

CN,i

× 100%, (1)

Ù¥, C
i
����þCYNo�ßÝ(mg/L), CN,i

�����x|þCYNo�ßÝ(mg/L),
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Fig. 2 Schematic of experimental device

1.4 pÏþÿS©Û

�Á�|²L 84 d $1�âÙ­½��nz�I©Û, À�Á�|¥0Ná�þNX�)

Ô�?1[ÿÏ^ÚÔ�pÏþÿS©Û, ±)Û)Ô�¥[ÿ´Ý9(���ACz.¤^Ú

Ô�L 2. ¤^�ÿS��� Illumina MiSeq2x300 bp ÿS¤, Ùæ^�_5"à>Ü¤>ÿS

Eâ; ØÓY²e�+á|¤Ú(�A�æ^ STAMP ^�(�� 2.1.3)5©Û|m�É, õ�

5�êO�¦^ Mothur ^�(�� 1.30.1); O����¬ Shannon!Chao1!ACE Ú Simpson

�ê.

LLL 2 pppÏÏÏþþþÿÿÿSSS999FFF111½½½þþþ¤¤¤^̂̂ÚÚÚÔÔÔ

Tab. 2 Primers used in high-throughput sequencing and real-time PCR analysis
¶¡ ÚÔ S�(5′ → 3′) ë�©z

[ÿ
341F CCTACGGGAGGCAGCAG

[3]
806R GGACTACHVGGGTWTCTAAT

2 (J�?Ø

2.1 ØÓ0Néo��Ø5UïÄ

Á��	
¤kÁ�ÎþCYo�(TN)ßÝ�Á�Uê�Cz�¹, Ù(J�ã 3a. �

±wÑ�Á�|(Ø)Ô(|)ÐÏþCY TN ßÝþ¥yØÓ§Ý�þ,ª³, íä@�ù´

du.Y¤º���þR�5Ø9?1�z-��z=zÚå�, � 28 d ü$��$Y²��

qÅì,p, íÿ�U´duáN30Ná�þ�R�º�¤Úå�. �Á�(å�C�²L

84 d �$1, Ã?Û0Ná���x| TN ßÝ� 3.58 mg/L, ±fÈ��0NCXá��Á�

| TN ßÝ� 3.08 mg/L, )Ô(Á�|� TN ßÝ� 4.29 mg/L, Ã�ÙÁ�|� TN ßÝ�

2.74 mg/L. ¤kÁ�ÎþCYo��­½���ØÇXã 3(b) ¤«. dã�±wÑ, �¢�(

å�þCYo�Ñ��
�½§Ý��~, Ù¥Ã�Ùéo��~�J��²w, fÈéo��

Ø�k�½�J, ���x|�ÉØ²w. ��x|�', fÈ��0NCXá�éþCY TN

�~Ç�pJ, 13.9%, )Ô(é TN �~Çü$ 19.8%, Ã�ÙéþCY TN �~Ç�pJ,

23.4%. ù`²Ã�Ù!fÈ��0Ná��±¢yéo���~, Ù¥Ã�Ù��J�ufÈ,

�U��Ï��¡´Ã�ÙÚfÈL¡/¤
)Ô�, Ù¥NX��)Ô�¹Äéo��~å



1 6 Ï ¸ ·, �: ¢½à�0Nrzo��~��)Ô+á(�©Û 101

��½�J, ,��¡Ã�ÙÚfÈ��éo��)áN�^, �Ã�ÙáN�J�é�Ð. )

Ô(Kéo��~�JØZ, Ù�Ï�U´3¢�L§¥)Ô(º�
��¹k��[13].

é 4 �Á�|þCYo��?1üÏ���©Û, (JL² 3 «0NCX|��x|�m

�~ TN �JþkÚOÆ¿Â(p <0.05).
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Fig. 3 Dynamic changes (a) and performance comparison (b) of total nitrogen removal with

three kinds of media in urban rivers

2.2 �)Ô�^Å�©Û

2.2.1 ÿ+(�A�©Û

�¢�©OÀ� 4 �Á�|(0Ná�©O�fÈ!)Ô(ÚÃ�Ù±9�x|)5?1p

ÏþÿS©Û. �Á�|�¬�Y²eÿ+�é´ÝXã 4 ¤«. (Juy�Á�|¥[ÿÿ

+Ì�±C/ÿ�(Proteobacteria)27.02%∼56.37%!É�ÿ�(Chloroflexi)17.3%∼19.94%![

\ÿ�(Bacteroidetes)7.53%∼10.98% Úþ9ÿ�(Firmicutes)3.78%∼15.52%�`³«+. oN

5ù, ��xéì|�', lU
�NYNÀ/§Ý�þ9ÿ�(Firmicutes)[14]�ÝÑu, $1

(å�Ã�Ù|�¬¥Ù�é´Ýü$, Ì�´Ï��XÁ�$1, o�¹þeü, À/Åì�

~Ó�Y����½§ÝUõl
é�)Ôÿ+(��)K�, fÈÁ�| Firmicutes ´Ýw

ÍO\, `²Ý\fÈ�±éo��)�½§Ý�~�Ó���U��À/§ÝO\, )Ô(|

KÃ²wCz. �ø�5Uk'�C/ÿ�(Proteobacteria)[15-17]ÉØÓ0Ná�K�CzØ

�, \\Ã�Ù�±O�Ù´Ý, Ý\fÈÚ)Ô(Kü$Ù´Ý; 2�ÿ�(Euryarchaeota)´

Ý3fÈ|¥kwÍO\, 
Ù¦ü«á�éÙK�Ø²w. Á�|¥�,	�`³«+

Bacteroidetes Ú Chloroflexi Ý\0Ná�éÙK�Ø²w.

3áY²eé�Á�|�¬¥�)Ô«+�qÝ9©�àa©ÛXã 5 ¤«, [ÿ+áv

k/¤Õá�©|, L²+á|¤�3�½�q5[18], Ù¥)Ô(|��x|��ål���

C, Ã�Ù|��x|ål��, fÈK0u�ö�m. ��ål�C`²)Ô(|��)Ô

«+��x|�q5��, Ã�Ù|�)Ô«+��x�É��. 3��ål��C�ü|¥

Smithella!Ornatilinea!Meniscus!Longilinea Ú Caldisericum ´`³«+. fÈÚÃ�Ù�

�0N�±ü$pEÿ Smithella!�`�ÿ Syntrophorhabdus [19]�´Ý, )Ô(%�±O\Ù

´Ý, `²Ý\)Ô(�Ur?§��)�. du�`�ÿ���zÿ�3J±���y�[20],

��`�ÿ�þ�3��U¬³���zÿ��^�J, ��)Ô(éo�øØ��JØXÃ

�ÙÚfÈ|. 3Ã�Ù|, Ñy
�x|vk���zÿ��Úÿá(Azospirillum)[21]ÚÐ�

��zÿ1\ÿá(Thiobacillus)[22-23]�´Ý�p¤�TXÚ#�`³«+, íÿÃ�Ù0Ná
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�äk�Ð�)Ô�N5, �k|u!�, �±���zÿáJøûÐ�)¸l
r¦��zÿ

á�)�, fÈ|�uykùü«ÿ��3, Ù´Ý'�xp%wÍ$uÃ�Ù|, Ó�fÈ|

�`�jÿá(Methanothrix )�´ÝpuÃ�Ù|. nÜnz�IÚ�)Ô©Û@�Ã�Ùé

o���~�^`uÙ¦|�U´du¹kõ«�é´Ý�����zÿ3Ù¥u�
�^.

Similarity

0 0.05 0.10 0.15

0 20 40 60 80 100

Relative abundance/%

Other
Candidatus Saccharibacteria
Lentisphaerae
candidate division WPS-1
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Latescibacteria
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Firmicutes
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Chloroflexi
Proteobacteria

ã 4 ØÓ0Nrz|[ÿ�Y²+á|¤©ÙA�

Fig. 4 Bacterial community composition at the phylum level in different kinds of media
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ã 5 ØÓ0Nrz|[ÿáY²+á|¤©ÙA�

Fig. 5 Bacterial community composition at the gene level in different kinds of media

2.2.2 ÿ+õ�5©Û

¦^ Alpha õ�5©Û5&?ØÓ0Ná�é�)Ôõ�5Ú´Ý�K�, ��¥�´L

Ý�ê Chao!ACE Úõ�5�ê Simpson/Shannon (J�L 3. dL¥�±wÑ, ��x|

�', \\ 3 «0Ná�Ñ�±JpÔ«´LÝ, `²\\0Ná��±r?�
�)Ô)�l


¦XÚ¥�)ÔÔ«êþO\, Ù¥Ã�ÙÔ«êO\�õ, Ùg´fÈÚ)Ô(. Simpson

Ú Shannon �êw«, \\0Ná�¬¦�)Ôõ�5O\, �)Ôõ�5Ã�Ù > fÈ > )

Ô(, `²Ã�Ù��0Ná�Ø=�±O\XÚ¥�)ÔÔ«êþ, ��±O\�)Ôõ�
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5. ACE �êu)CzL²\\0Ná��, �)Ôþ!ÝkØÓ§Ý�O\[24] , Ù¥Ã�Ù

|O\§Ý��. nÜù
�ê5w, ±Ã�Ù��0N�, �±O\ÿ+õ�5Ú´LÝ.

LLL 3 ���ÁÁÁ���|||���)))ÔÔÔ´́́LLLÝÝÝÚÚÚõõõ���555

Tab. 3 Microbial abundance and diversity of each experimental group
��¶¡ Shannon�ê ACE�ê Chao1�ê Simpson

�x| 6.673 093 58 201.724 2 31 434.424 94 0.007 804

fÈ| 6.251 760 64 280.128 7 33 984.331 44 0.009 003

)Ô(| 6.291 225 62 804.313 9 32 652.224 69 0.013 037

Ã�Ù| 5.920 693 70 806.397 4 35 626.747 59 0.020 489

Ä u ö � ü � OTU e Ø Ó Á � | ¥ � � k � Õ k�)Ô« + � | m � É 5 ^�

� ã 5 L «(ã 6). 3 0.05 å l ?, 4 � ¢ � | � � kÔ« k 247 «, Ù ¥ � é ´ Ý �

� � kSmithella!Ornatilinea!Meniscus!Longilinea!Caldisericum!Syntrophorhabdus!

Levilinea Thermogutta!Syntrophus �, �x|�fÈ|�k�Ô«k 8 «, �x|�)Ô(|

�k�Ô«� 33 «, fÈ|�Ã�Ù|�k�Ô«� 9 «. k 12 «´ 3 �0Ná�|¥�

k�Ô«�3�x|¥Ø�3, Ù¥´Ý���k Fusibacter!Azoacus!Methylosarcina!

Ruminococcus!Anaerobacter!Propionicimonas!Pelotomaculum!Mesotoga!Spartobacteria

genera incertae sedis �. Ð���zÿá Azoarcus [25-26]3Ã�Ù¥�´Ýpu�{ü�?n

|. Ã�Ù|Õk�Ô«ê� 24 «, )Ô(|Õk�Ô«ê� 39 «. lÕk�Ô«ê85w, 3

�Á�|ê8�ÉØ²w���xkwÍ�É, `²0Ná�¤�¤�)¸¥�)Ô�3�½

�q, �Ã�Ù|��x|�É��, (ÜÔ«©Û, �É�UNy3Ô«´ÝÚ«aþ.
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ã 6 ØÓ0Ná�e�)Ôÿ«êþ�Cz9é'

Fig. 6 Changes and comparison of microbial populations in different kinds of media

3 ( Ø

�Á�¦^ 3 «0Ná�()Ô(!fÈÚÃ�Ù)&Ä
ØÓ0Ná�éþCYo��~

�J�K�. ïÄ(JL², 3$1�m 84 d S, Ã�Ùéo��~�J��ûÐ, �~Ç�J

, 23.4%, Ùg´fÈ, �~Ç�J, 13.9%.

ÏL&ÄØÓ0Nrz|¥��)Ôõ�59(�©ÙA�, uy 3 «0Ná��)Ô±

C/ÿ�!É�ÿ�![\ÿ�!þ9ÿ��`³«+. ��x|�', Ã�Ù|�±wÍO

\ÿ+õ�5Ú´LÝ, 
���=z�'�C/ÿ��´ÝwÍpufÈ|Ú)Ô(|, A
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O´Ù¥���zÿá Azospirillum!ThiobacillusÚAzoarcus �´ÝþwÍpuÙ¦¢�|,


���zÿ�3¿�'X��`�ÿá Syntrophorhabdus K$u�xÚ)Ô(|, )Ô(|

Syntrophorhabdus ´Ý²wO��Ur?T«�)Ô)�. fÈ|��)Ôÿ+(��Ã�Ù

�3�½�q, �Ù¥���zÿá�´Ý$uÃ�Ù|; )Ô(|�)Ô+á|¤��x|�

��q. íÿÃ�Ù0Ná�Ï�äk�Ð�)Ô�N5, �k|u!�, l
r¦��zÿá

�)�. nÜ'�5w, 0Ná�Ã�Ù�k|ué¢½à�o���~.
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