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Abstract: Based on the development history of sponge city construction system in

China and abroad, this paper explores the similarities and differences and development

experiences of sponge cities in various countries. Taking the rain garden as the research
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object, this paper analyzes the effect of its structural composition, hydraulic characteristics,

and plant configuration on runoff pollution; these can be used to provide a theoretical

reference for the construction of sponge cities in China. Finally, potential problems and

risks in the construction of the sponge city were presented, and suggestions and prospects

for the construction of a sponge city such as mosquito breeding and plugging are presented,

and suggestions and prospects for the construction of a sponge city in China are proposed.

It is important to learn from the development history of foreign stormwater management

systems and realize the “Sinification” of stormwater management in practice by: adapting

to local conditions, focusing on regional differences, strengthening field trials, and exploring

the control mechanism of sponge cities on runoff pollution. Meanwhile, the potential risks

and problems related to plugging and mosquito breeding in sponge city construction should

also be taken seriously.

Keywords: sponge city; development history; rain garden; runoff pollution control;

problems and risks

0 Ú ó

CA�c5, ¥I²L�¯�uÐíÄX¢½z�?§, Ó�¢½)��¸¯K�Åì

àw, �¦·I²L�¬uÐ¡�X�5���)��¸Øå[1]. Y´)��¸�­�|¤

Ü©, ¥I¢½Y�¸Fª�z, �«YS�!Y)�!Y]
�¯K�ÑØ¡, î­%�

�¢½�¬²LuÐÚ<¬)·ã�S�[2-3]. ÄÙ�Ï, Ì�´�X¢½z?§�Øäí

?, ¢½e=¡ßY5ÚüY�ª�3ØäCz, ?
E¤Y]
Ì�±9üY��!þ!

��UC, �ªNy�¢½SU!"Y±9Y��z��X�¯K, �<¬)¹�5
4Ù

Ø|�K�, î­%��¢½�û5uÐ. Ïd, )û¢½Y�¸¯K®²½3w%.

lù
Y�¸Ï¾�±wÑ, ��¡·I¢½Y]
"y�©ÙØþ, �¦¢½/eY

 eü; ,��¡, ¢½z�5�ØßY¡ÈO\��¢½�YÃ{g,e', l
ª�Ú

u¢½SU. Ïd, �k�¢½üYng±9üY��®ØU÷v¢½uÐ�I¦. ù
Y

�¸¯K´XÚ5!nÜ5�¯K, �I�����¡XÚ�)û�Y. “°�¢½”ng�

JÑ�´ávuù��µ, TngÁãÏLé¢½�ö?1Ün+�, ¦¢½U
�°��

��Oo�, l
3·A�¸CzÚAég,/³��¡äkûÐ��5[4-5]. ,
, 3�

¢½í?°�¢½ï�L§¥, E¬¡�Ø��(¾Ú¯K, ��K�Á:¢½�í1�Ç

±9¢��Y�Ün5[6-7]. Ïd, ���¡XÚ/@£Tng, ±Ï��Yï�Jø��.

�©ÏLo(�JõIS	°�¢½�ïÄ?Ð, å¦XÚ/Ð«ù�ïÄ+��uÐ÷

�!c÷Ä��d3ºx, ¿é°�ó§é/L»6À/��yG?1©Û,�·I°�¢

½�nØïÄÚï�¢�Jøë��/�.

1 I	°�¢½uÐ{§

{I´�@m©ïÄ�ö+n�I[��, Ù�´e�|æ!=I!¥IÚF��I,

TnØ�ÐÌ�^u��¢½Úà~�¡
À/, 
�ÅìuÐ¤���ü�»6YþÚ

Y��)��±Y�nÜ5��[8]. ¦+�I'u°�¢½ï��Ø%SNþ´¢½z�

µeÏ/�¨��ö+nüÑ, �ÙLã%Ø¦�Ó, ïÄ�¹��k�É[9-10]. Ïd, 
)
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IS�6ÚÄ�, ÝºØÓVgÚXÚ�SºÚ'X, KØ¬ÕYuÙ¶¡, ��;�ØÖ

ÚØ), l
XÚ/@£TnØ,�·I°�¢½�nØïÄÚï�¢�JøEâ��.

1.1 {I

{I�°�¢½ï�Ì�²{
“�Z+n��”!“$K�mu”�“ÉÚ�öÄ:�

�”3 ��ã. 20 ­V 70 c�, {I�Ù
�'Y{(Clean Water Act) ¿JÑ
“�Z+n

��(Best Management Practices, BMPs)”, l�Ð�¡
À/��, uÐ�¡
À/�/

L»6À/�Ó���nÜ5��[11]. 1997 c{II¬ÏL�5é�YÀ/��{?�

Y6(Federal Water Pollution Control Act Amendment, FWPCA) Ägò BMPs ngB\á

{�g. 2003 cò BMPs 8I*��ºX�ö��!è1À¡��9�:
À/
��~

�����YnÜ+nûüNX. BMPs Ì�´ÏL(�5ó§��Ú�(�5+n��

5{�½~�À/ÔÏL/L»6?\/LY½/eY, Ó���Ö¿�£//eY�8

�. 20 ­V 90 c�, {Iz£�f{ (Prince George’s County) �Üäã (Seattle) ÚÅA=

½ (Portland) �ÓJÑ
3 BMPs �Ä:þuÐå5�¢½�ö+n#ng: “$K�m

u(Low Impact Development, LID)”. 21 ­VÐ, 3®k LID �Ä:þuÐ�“ÉÚ�öÄ:

��(Green Stormwater Infrastructure, GSI)”, 2010 c{I��oÝòÙ½Â�“ÉÚÄ:�

�(Green Infrastructure, GI)”, ­:3uÏLEÜ�ÉÚÄ:���äNXOr¢½�¸�

·AUå[12]. Ó�, {I�?�ÏL[Â��!Öb��±��X��²LÃã5�y�Y

�Ün?n9]
z|^.

1.2 =I

20 ­V 90 c�, =I3 BMPs Ú LID �Ä:þ, r�¸Ú�¬�Ï�B\�üY

XÚ¥, ÏLnÜ��Uõ¢½YÌ�. 1999 c 5 �, =Iïá
�±Y¢½üYXÚ

(Sustainable Urban Drainage System, SUDS). 2004 c, =II[¢½üYXÚó�|uÙ


5�±Y¢½üYXÚ (SUDS) LÞ�Ï¢�5�6[13]. SUDS ��g,L§, k�O�Y

��úº�, r?�Ye', |^LÈÀ/Ô���6��Eâ¢yé�Y��Uõ�þ�

�~. 21 ­VÐ, =I�?ÏL54�ïÓ+n5½6�{Æ{5, �yØ¬[¥?1[Ì

�YÂ8�2|^. 2015 c��, =I�?�
�é5/JpY]
|^�Ç, �¦4Ã¢

�<þF^Y�OþØ�L 125 L âU¼�móN�, �¦muûÚØ¬3[¥ïá�Y£

ÂXÚ. =I�?Ú�Y2|^+n�¬Nï@�, =I|^�Y£ÂXÚ3J,Y]
|

^Ç�¡Ekã��då[14].

1.3 F�

F��°�¢½ï���´± 20 ­V 80 c��=ò:, 3d�cõ´?1�5�à

�Õf!ÿ°!oW�#�ï�, 3d��K�¡¢�6�nÜ£Yéü. 1976 c, ä�A

6�;��ºQÂ, ÷à 4 830 r�ì, dd, ä�A“Y�/Oy�
¬”¤á, ¤�F�n

Ü£Yéük°[15]. 1977 c, F�íÑ“�YÑ3”Vg; 1980 c, F�JÑ“nÜ£YéüA

½àAOy”, 4�«g1�B�Y, ±¡E6��k�OY!¢YUå. ÓÚuî{I[,

F�3 20 ­V"m©í2“�YÑ3'ßOy”, �åuÖ¿º�/eY!E¹�YÚ¡E

àAÄ6[16]. ��, F�?U
ïÓ{, �¦�.ïÓÔÚ�.ïÓ+7Lï�/e�Y;

�³Ú2|^XÚ[14]. F�é�Y|^¢1ÖÏ7�Ý. ~X, À®Ñ$X« 1996 cm©ï

ár?�Y|^ÖÏ7�Ý, é/e;YC�!/þ¥�.;YC����½�ÖÏ, Ù¥,

�Y;�zá��ÖÏ 40∼120 {�, �YÀzìÖÏ��od� 1/3∼2/3, ±dr?�Y
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|^Eâ�A^, ¢y�Y]
z[17].

1.4 e�|æ

e�|æ�°�¢½ï�Ì�²{
�ÞÏ (1960—1989)!åÚÏ (1990—1999)!ª

�Ï (1999—2000) Ú­½Ï (2011—) 4 ��ã[18]. 20 ­V 80 c�, e�|æ�?mÐ
�

|¶�“�ä.à�^)´ (Give the Yarraa Go!)”�$Ä, Jpú¯��¸�o¿£[19]. 20

­V 90 c�, $���öY�uªÇwÍOp, ���þ²L��Ú<�ú�. 1994 c, 5

gÜe�|æ�Æön�7(Whelans)ÚM
��·�p�·ùl� (Halpern Glick Maunsell)

ÄgJÑ“Y¯5¢½�O”(Water Sensitive Urban Design, WSUD) ng[20], �3��¿�

��@�. �� 20 ­V 90 c��Ï, �X�±Yng�Ê9, ù«ò¢½YÌ��¢½�

O�(Ü�ngâÅÚ��¯@Ó. 21 ­VÐÏ´ WSUD r�¤Ù�'��ã, �?JÑ


“u�¢½�Y2|^ (Cities as Water Supply Catchments)”�+nng. 2005 c, Y¯5

¢½ïÄ¥%¤á, ^u��¢½�ö+n; Óc, $��YÖÛ�Ù
5Y¯5¢½�O

ó§Ãþ6. � 2011 c, e�|æ�ö+nNX®²ªu�õÚ­½.

1.5 �(

p*��I[°�¢½ï�uÐ{§�±uy: ��²{
l“¢½�ö¯K→�'n

ØJÑ→{5�ü�½”ù��L§; �5��ï�©u 20 ­V 70 c�, ¤Ùu 21 ­VÐ,

þ²{
���ã�m; Ñ²{
lü�zó§5���nÜ5���uÐ{§.

î�é'�I�°�¢½ï�ÉÓ9nØuÐ²��k/�ë�d�, ��AT(Ü

I�. Ly�: e�|æ�Y¯5¢½�Ong´ÄuÙ�ÏZÂ�g,�¸[21]; F���

YÑ3'ßOy­:3Ñ3, Ì�´ÄuÙ�Y]
�"y.

2 IS°�¢½uÐ{§

2.1 IS°�¢½uÐ�µ

�'{=Fe�u�I[�°�¢½ï�, ¥Ié“°�¢½”�ïÄ9¢�åÚ�é

��, °�¢½�Vg´/�I	 LID!SUDS Ú WSUD ��'�ö+nNX
JÑ�.

“°�¢½”�c3IS�@Ñyu 2012 c 4 ��®�Æ3�eðm�“2012 $%¢½�«

�uÐ�EØ�”, Úå�¬�.���'5. 2013 c 12 � 12 F, SC²oÖP3¥
¢

	zó�¬Æþ²(JÑ: “J,¢½üYXÚ��`k�Ärk���Y3e5, `k�

Ä�õ|^g,åþüY, ï�g,�È!g,'ß!g,Àz�°�¢½”[22], gd“°

�¢½”�cÅÚ¹�uú¯À�. 4ïÜu 2014 c 10 � 22 FuÙ
5°�¢½ï�Eâ

�H——$K�mu�YXÚ�ï(Á1)6, T�Hé“°�¢½”�Vg�Ñ
²(�½Â,

=¢½U
�°���, 3·A�¸CzÚAég,/³��¡äkûÐ�“�5”, e��

áY!OY!'Y!ÀY§I��òO��Y“º�”¿\±|^[23]. l
3~�¢½öU

/³u)�Ó��±J,¢½)�õU[23]. 2015 c 4 �Ú 2016 c 4 �, �UuÙ
 16 �Ú

14 �°�¢½ï�Á:¶ü, gd, ·I°�¢½ï�ó��¡Ðm.

2.2 “°�¢½ï�Eâ�H”)Ö

5°�¢½ï�Eâ�H——$K�mu�YXÚ�ï(Á1)6lEâÀJ(ü��

�)��8I��¡XÚ/�Ñ`²��, �·I°�¢½ï�Jø�Ú[22-23]. °�ó§ü

���Ì�kßYÁC!ÉÚÂº!�ú�!�Ys	Ú�YN!³�. ï�°�¢½�

��¹»6oþ��!»6¸���!»6À/��Ú�Y]
z|^ 4 ���8I. ù


©8IQ�iÙ�q�3�½�ÍÜ'X, Qk«O, �kéX[10], �/A(ÜíÿA�!



36 uÀ���ÆÆ�(g,�Æ�) 2018 c

¢½z?§!Y�¸yG!Y©/�^��ÜnÀJÙ¥��½õ�8I��5y��8

I[23], ù
�ÉNy3�/�°�¢½ï�“Eâ�H”¥. äNÚOXL 1.

�)±þ«OÌ�´du·I/��,, íÿA�!è1/��U,^�Ú²L^�

�É��. �±wÑ, »6oþ��Ç��/�ü�þkX��éX, L 1 ¥, þ°!­�Ú

næ�ü�þ��, Ù»6oþ��Ç���;ÜwÚx¢�ü�þ�é��, �û½
Ù

�p�»6oþ��Ç. »6À/��K�éE,, =¦3Ó��¢½�ØU�V
Ø, A

T�â¢½Y�¸�þ�¦!»6À/A��Ï�(½»6À/nÜ��8IÚÀ/Ô�

I. »6¸�6þ��´$K�mu���8I��, $K�mu��éA���¯�, �

E�å��½��¸!ò¸�^, �Ù¸��~ÌÝ  �$, �I���¢½üY+�

u��^, Ù�ÉÌ�d¢½õUÚ²LG¹û½, ­�Úþ°��A�¢½�¦�p, x

¢!ä9Únæ��¥�¢½ÙüY+��¦��é�$. d	, �ÔÀJ�ATÏ/�¨,

'XÜw�ÄgGõ��!�Ô�·A5�Ó�, ��o�ZÂG!�Ôµ*Ú�ÔFÂ

Uå, x¢��ÔKAT±F»�Ì. �Òï�¢�JÝ5ù, »6À/��¡��¢�Ú

nØ�¡���Ï���âÑ, �/“ï��H”éT8I5½�Ø�õ, �T8I�éØ´

þz. ¤±, �©�e5ò(Ü°�¢½ü���!ë�IS	ïÄ¤J, é»6À/��

ïÄyG�Ñ�[�ã.

LLL 1 ÜÜÜ©©©°°°���¢¢¢½½½ÁÁÁ:::ïïï���EEEâââ���KKK���ÉÉÉÚÚÚOOO

Tab. 1 Variance statistics of construction guidelines for each sponge city
¢½ õcþ »6oþ »6À/ í��Ô »6¸���

ü�þ ��Ç ��(±TSS�ØÇ) (Y)�Ô�~) (±�YüYXÚ�O­yÏL«[24] )

/mm /% /%

x¢[25] 399.8 80∼85 50∼70 �ÌÆ!Z¯è�, ��/«�2∼3c,

¨�!Ñ�Ú ­�/«�3∼5c,

Z¯è� /eÏ�Úe�ª2|��10∼20c

Üw[26] 380.0 85∼90 68∼74 Yi!ÂÐúÚ ��/«�2∼3c,

(°�¡«) Z¯è� ­�/«�3∼5c,

/eÏ�Úe�ª2|��10∼20c

ä9[27] 664.9 70∼85 40∼60 �í� ��/«�2∼3c,

­�/«�3∼5c,

/eÏ�Úe�ª2|��10∼20c

þ°[28] 1 123.7 75∼85 75 ∼80 {<ý!Yi ��/«�3∼5c,

Ú��ú� ­�/«�5∼10c,

/eÏ�Úe�ª2|��30∼50c

­�[29] 1 133.0 75∼85 > 50 Z¯è!¨Æ ��/«�2∼5c,

Ú{<ý� ­�/«�5∼10c,

/eÏ�Úe�ª2|��20∼30c

næ[30] 1 263.0 60∼85 > 45 º�ú!LB ��/«�2∼3c,

Æ!ÌÆÚY ­�/«�3∼5c,

){<ý� /eÏ�Úe�ª2|��10∼20c

3 ;.°�¢½ü���éu»6À/Ô���

»6À/��´°�¢½ï��­�8I[23]. Ó�, »6À/�´��­.5�Y�¸¯

K. {I�¸�oÝ (USEPA) u 2002 cÒ®òT¯K��/LY�¸�z�Ì�5
, 3 11

�À/
¥, ©O �à6Ú�Ñ¥�1o Ú1n [31] . 2004 c�ïÄ�w�w«: {I¢

½«��)��Y»6À/®¤�{I 13% �à6!18% ��ÑÚ 32% �à���Ì�À/
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[32]. d	, =I�¸ ¬Úà~¯ÖÜ(DEFRA)��w�L², =I 23 �ú|9� 1 000 �

YN�À/�ÏÑ´¢½»6À/[33]. ·I 2/3 �à6Y�¸du�Y»6¥� N!PÀ/Ô


��õUòz[34], Ïd, ��¢½»6�Y¥� N!P �À/Ô¿Â­�. �!ò±°�¢½

ï�¥��~��ü���——�Ys	�~, �é N!PÀ/Ô�ã°�¢½éu»6À/

���ïÄyG.

�Ys	 (Rain Garden) ´°�¢½ï��­�����, 3î{õ�)Ô¢3³

(Bioretention System/Cell), 3F�¡��Ì (Rain Court)[16]. �Ys	´g,/¤½<ó�

÷�e]ªÉ/, �^u®àÚáÂ5gÂº½/¡��Y, ]/L¡�±«��
�Ô, SÜ

���W�±Jp'Y5U, ¿�±�Y�?Ñ�ÚÄ6�, TXÚ|^�Ô!W���C!�

uÚe'�nÜ�^~�	ü�Y»6rÝ, Ó�ÏLW�LÈ!�ÔáÂ±9�)Ô�=z

�Óz��^�ØÀ/Ô, ¦�Y��Àz, ¿¦�Åì'\è1, º�/eY, ½¦�±¥Y

��ª£^, ´�«)��±Y�°�¢½ï�ü���. e¡©Ol�Ys	�õU(�!Y

åA59Ùé N!P ��ØÅn��Ý�ãT��é»6À/Ô���.

3.1 �Ys	�(�|¤

8c, ;.��Ys	gþ
edOY�!�Ô�!«�è�!W��Úz���¤(�ã

1), Ù�OëêÚõUo(XL 2.

200~300 mm

50~100 mm

250~1 200 mm

100 mm

DN100~150

250~300 mm( )

ã 1 ;.�Ys	�(�«¿ã

Fig. 1 Schematic structural diagram of a typical rain garden

LLL 2 ;;;...���YYYsss			���(((���|||¤¤¤999ÙÙÙõõõUUU`̀̀²²²[23,35]

Tab. 2 Structure and function description of a typical rain garden
¶¡ þÝ/mm õU`²

OY� 200∼300 OY�þÝ=�Ä6³�p, �»6�YJø6��;��m, ¦Ü©�

DÔ3d��D[35]

�Ô� À�Ô«a
½ �ÔÏLáÂ�^�ØÜ©À/Ô, u���X�±Orè1'ßUå

±9À/Ô��Ø�J[36]

ä�CX� 50∼100 �±è1��Ý, ;�L�è1�(
E¤'ß5Uü$, �´�U¬Ï

@}éE¤?1�gÀ/, AT9��n[37]

�è� 250∼1 200 �±�Ô)�; õUÓÈ��, LÈ»6�Y, �ØÀ/Ô, õÀ^'ß

5�r�U,½<óá�

ß Y è ó Ù ½

ß�

100(ß�) Ì�´�
��è1���â, ÀM�z��E¤üYØ�[35]

z�� 250∼300 dâ»�12∼35 mm�z�|¤, «ÉþÜÖ1, ¦���XÚäk(

�­½5

�Ys	��°�¢½ï�­��ü���, Ø=U
Â8¢3�Y, Àz»6�Y, ü$

¢½öU/³, �´�«8µ*�Ju�N�)�p���Y��. �ÔduÓ�äkÀz�Y

Úµ*J,�õU, ´�Ys	­�|¤Ü©��[38] . �Ys	¥�Ô�X���áÂ»6À
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/Ô, qU��)Ô)�JøNX|¤[39], ¤±�Ôé)Ô¢3XÚ¥E�Ô���Øäk­

��^. ïÄL², 3é'kÃ�Ô^�eE�Ô���Ø�, ^g5YÀM, vk�Ô�XÚ

¥Ñy
 N!P ��My�, �3k�Ô�XÚ¥A�vkÑy N!P ��Ñ[40]. 
�3�Y

s	��O¥, �Ô«aéY�Àz�JK��O�'��[36].

�Ys	¥�Ô�ÀJIÎÜ±e�K. À^�Xu�!ª��j!ÀzUår��

Ô[41]; ����I²~?nÀ/Ô�<óXÚ, N´_)¾Á³, ¤À��Ô��äk�p�|

_5, XFU|Â!|È!|9�A:; ÀJ��p��«���Ô, ïÄL²ØÓ�Ô�Ün

���JpéYN�ÀzUå, �ò�X��5r���5f��Ô·Ü-«, �¤EÜª�Ô

K, MEÑk��«Ú"��«�Ó�3��¸, l
k|u N �Ø. �Ys	3��ÀzY�

���»6�^�`z�Ä:þ�AT�ÄÙµ*{Æ�¡��Ã, Ï��Ys	��¢½É

z�m, I��<��5�W�a(þ�aÉ. {ó�, �Ys	Ò´õU�Ì, {Æ�Ã�9;

äN/, AT�Ì“z/��, ú/sB�, ôÚ�fõC”��K, �â�Ô�A5, XÚç!N

þ!^����É, ò�Ô���Õ��mO\µ*�ga. Ï~, �Ô�pÝd$�p, Úç

df��, �ÝdÕ��. l
��âÑ/ª{a, rzµ*�J, ��¸�\�N��^[38].

�Ä�G!éµ*�J�K�, �AT¦þòá��~É(Ü!ØÓ)�ÏÚsÏ��Ô·�

��.

3.2 �Ys	�YåA5

ïÄL², 3�½��S, YåÊ3�m (Hydraulic Retention Time, HRT) �ò��k�

JpW�éÀY�Àz�J[42-43]. dd�±íÿ, HRT é�Ys	�Ø»6À/Ô�ké�

K�, 
 HRT q�ûuä¡6�, ä¡6� (ν)æ^�Ü½Æ (Darcy’s law) 'È{O�[44], O

�úª�

HRT =
V

Q
=

HA

νA
=

H

ν
, ν = KJ ⇒ HRT =

H

KJ
. (1)

þª¥, HRT ��Y3��Ys	S�²þÊ3�m (min); V ��Ys	�NÈ (m3); Q�

�Y6²�Ys	�6þ (m3/s); H ��Ys	3R���þ��Ý (m); A��Y6²�Y

s	�L6ä¡¡È (m); ν ��Y6²�Ys	�ä¡�Ý (m/s); K ��Ys	W��'ß

Xê (m/s). J �e'å�ä¡m�Yå·Ý. 5: þãO�L§´é�Ys	(��ÑÜnb

��¤�, @�Ù3�mþ�IO��N(�.

d±þO�L§�±wÑ, �Ys	3R���þ��Ý (H) �Ó�, W�'ßXê (K)

éu�Ys	»6À/Ô�~äké��K�, 'ßXê��, K�XÚéu»6À/�£Ø�

Ç, 'ßXê��, N´E¤XÚ×l, K�XÚ$1­½5. 
�, ��I[/«5½�Ä�'

ß�Ç�Ø¦�Ó. 'X, {I��Û�¦XÚ'ß�Ç����� 12.7 mm/h, Å/|�¦�

36∼360 mm/h, e�|æ�¦� 50∼200 mm/h[45].

3.3 �Ys	é N!P ��Ø

�Ys	é�Y»6¥ N!PÀ/Ô��ØÌ���W�Ú�Ô��Ó�^. äN/, �

Ys	ÏLRz!�z!��z!�Ô�áÂ±9W�LÈ��^�¤é N ��Ø, »6�Y

¥� N �)�â�ÚM)�, Ì�± NH+
4 -N Ú Org-N(kÅ�) �/ª�3. �â� N �ÏL

LÈ�^k��Ø, M)5 N Ì�� NH+
4 -N!NO−

3 -N!Org-N �, M)5� Org-N ²LRz

�^=z¤ NH+
4 -N, NH+

4 -N ²L�z�^=z¤ NO−

2 -N Ú NO−

3 -N, ���è1�âÚkÅ

�áN, �ªÏL��z�^± N2 �/ª��Ø; P Ì�ÏLW���LÈ!áN!�ÔáÂ

±9�)Ô���éÜ�^�±�Ø. »6�Y¥� P �)�â�ÚM)�. Ù¥, �â� P Ì

��X»6¥]2�N, ²LÈ�33è1¥, ¤��Ys	XÚ¥��Ü©; M)� P ¥�Ì

�����í, ÏLW��áN!lf��±9�Ô�áÂÚ�)Ô���Ø[35,46].



1 6 Ï 
ÕA, �: °�¢½�uÐ÷�9Ùé»6À/���ïÄyG 39

3�Ys	¥, W�0��«aÚYåA5´K�ÙõUu��'�Ï�. �Jp N!P

E�Ô��Ø�J, IS	'u�Ys	W�Uû��'ïÄXeL 3 ¤«.

LLL 3 ���YYYsss			ééé»»»666ÀÀÀ///ÔÔÔ¥¥¥ N!!!P ������ØØØGGG¹¹¹

Tab. 3 Typical rain garden performance on the removal of N and P in stormwater runoff

 � W�|¤
�ØÇ/%

©z5

TN TP

Chapel Hill, NC ß 40 65 Hunt et al[47]

Charlotte, NC ß1è, 6%[â 30 31 Hunt et al[48]

Rocky Mount, NC 98%ß, 2%CXÔ 80 72 Brown et al[49]

Silver Spring, MD ß�Ê1è, 54%ß, 46%[â, ¹kÅ� 97 100 Li and Davis[50]

Graham, NC 80%CXÔ, 15%ß, 5%kÅ� 54 63 Passport and Hunt[51]

Rocky Mount, NC ß�Ê1è, 96%ß, 4%CXÔ 58 -10 Brown et al[52]

Lenexa, KS 7�Úß·Ü«�è, ¹20%kÅ� 56 — Chen[53]

Taiyuan, Shanxi 30%1è, 40%ß, 15%û¾ñ, 15%k� 82 91 Gao et al[54]

Wuxi, Jiangsu 80%£�, 20%�7� 90 70 Wang et al[55]

Beijing ú(è�CX�, Åè!oâ��W� 62 83 Guo et al[56]

oNw5, �Jp�Ys	é N!P ��ØÇ, Ï~´N!W��«a±9'~, ½V\�

½'~kÅ�(M7�!ú\Úá��)5O\è1¥�%
, ��)Ô���z�^Jø>f

øN[57], �'uØÓá�V\«a±9'~, 8c�vk½þ5�]��øë�. d	, Äu8

c�üYXÚ¿��Äò/L»6x\�°�¢½ü���¥, ¤±3�e5�ó§ï�¥A

TO\�A��{Ú7����, AOAT5­�ÓÔ�m�p§.

4 ;.°����U�3�¯K�ºx

°�¢½ï�r�5�¢½üY¯KC¤���9üY!Éz!�´!ïÓ�Ãõ�¡

�XÚó§, ¤±, �X°�¢½ï��í?, �
¿u¯KÚg)/³�¬ÅÚàwÚ��.

��¡, Xc©¤ã, °���W�Ú'ßXê (K) ��O¿vk½þ�ë�]�, ÏW�×l


u)�æ��U5�p, ?
¬K��TXÚ$1�Æ·Ú­½5; ,��¡, �X°�¢½

ï��í?, ¢½YÉEÜ�¸�¡È¬ÅÚ*�, l
�¨Á�)Jøk|)¸, äk��¨

Á�)�d3ºx[58].

4.1 ×l

°�¢½ï�éu¢½Y)�?EäkûÐ�J, �´�N´ÏÙW�u)×lK�XÚ

$1�­½5. 1986 c, Lindsey �3{Iêp=² (Maryland) é�YLÈXÚÐmy|N�,

(Juy, 3¤t	� 207 �°�¢½ü���¥, � 33% duu)×l
ØU�~$=, �ù


XÚ¥�Ü©=küc�ó��m[59]; TïÄìè3 4 c�2gE�, (Jw«Tê�þ,

� 50%. Ù¦ïÄ���
�'(Ø[60]. �'ïÄL², �YXÚu)×l�Ì��Ï´du

W����ØT�E¤, ÏL¦W��äkü�²wØÓ�âº��(��, �wÍò�XÚu

)×l��m[61]. Ïd, k7��âØÓ/«�ü�A5, mÐ°�ó§ü���W���Eï

Ä, ±Ï�Ð/ÑÖu·I°�¢½ï�.

d	, Y�(Spirogyra)�>a�¬E¤°�ó§ü����×l. Y�´�Y¥~���

.jG>a, ��3SG¯�)�, �þ©Ùu³*!�±, �3Y./¤=¡, ¿Cu.Y�

þ, )·å4r, )�¥Ï¥�Ú, ~à¤æ, ¬�¬ë�3�å, /¤�G, éJ.ä, )��Ï

�f�Ú, /¤éþ��¡[62]. ïÄL², Y�)�¦�êñÚY���Ô�ÜÏíN��Ø

û, î­K��ÜáÂõUÚ)�u�[63]. ÏÙ·)u�Y·Y�¸, 
°�¢½ï�¥¦^�
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�ÔU
~�Y6�Ý, �þ��Y�¸, �~k|uY�)�, ¤±4k�UE¤XÚüYØ

�$�×l.

4.2 ¨Á�)

�¥zc� 100�<a/¨x;¾$�k�[64]. ¯¤±�, ¨Á��)lØmY, =“ÈY

¤¨”, _¨��ÙBú!ÀúÚ>ú5E£�¸Ï�, ÀJÜ·��Î/9ÑE/, l
¦Ù�

��)�Ú�¹����z, Y¥�¨r�z¤¨�ÏLá ÄÔ½<a�É�DÂ;¾. °

�ó§ü����Âü�9NC�/L»6, 3�½��mS�3ÈYy�, �Ùu)×l�,

ÈY�mò�, �¨Á�)Jø
k|)¸. ïÄL², ²�è/�±¦Y³ÈY�m�u¨Î

)���z��m[65], Ø|u¨Á�), 
°�¢½ü���éè/�m�TÐ�¨ÁJø


�)�¸, Ó�Y¥�kÅÔ!N!P �U
��½m�/�¨r)�Jø¤I Ô[66]. °�

¢½ï�¥¦^��ÔU
~�Y6�Ý!ñ	Ü©�1±9{NU'�Ó , Jp¨r�¹

Ç[67]. kïÄ�Ñ, �Y)�ÔÚ¤2ÔñX�ÀY�ÙY¡�¨r�Ýþ�um,Ãú�Y

¡, Ó�Y)�Ô��3U
Jp¨Î�ÈzÇ, O\¤¨�êþ. °�ó§ü����YÉ^

�Ã¿¥Jp
Ùé¨x;¾DÂ�ºxY². Ïd, 3°�¢½ï��L§¥, �A�Ä°

�ó§é¨Á�)�¸�U�5�K�, ¿3�O�ãÚ$1�ã(Ü�
¨ÁnÜ+n��

(IMM)[68], ±��Y)�£n�¨³�Ó�£�8�.

5 (Ø�Ð"

(1) /�I	°�¢½ï�nØNXuÐ{§�Ó�I�¢y°�¢½ï�ý�¿Âþ

�“¥Iz”. äN/, p�¿Û�I�ö+nNXuÐ{§kXeé«: ·I°�¢½ïÄ�?

uåÚ�ã, EIé�'nØVgÚ¤õ²�?1XÚ�ÆS�ïÄ; AT\r�'{ÆÚ�ü

55�T+��ï�; J�
Þ£n, Ó�æ��½�²LÃã5�yú¯ë�; î�é'�I

�ö+nNXuÐ{§kXeé«: �II�þk�É, AT5­�·II��(Ü; �Ä�·

IüYXÚPz�¯K, 3°�¢½ï��Ó��AT5­üY+��ï�; �Ä�·I°�¢

½ï�åÚ��, AT\rxN��\D5JpT�ü�ú¯@�Ý;

(2) Ï/�¨, 5­·I/��É5. äN/, AT�Äíÿ!Y©/�±9²L��É.

·I�Ü©/«�íÿÉGº�9�í^���, ü���©ÙØþ, E¤/eY 3�mÚ

�mþ©ÙØþ, =g´Á , ÀpÜ$, Hp�$; ·Iè1kÅ�¹þ«�Czoª³´¥

H!À�!ÜH!uÀkÅ�¹þ�p, u�!Ü�$u�I²þ¹þ; 
�·I«�²LuÐ

��3�É. ¤±, AT3�k°�¢½ï��HÄ:þ, (Ü�/¢S�¹, ?�·Ü�/�

ï��H.

(3) �Ys	��°�¢½ï��­��~��ü���, ¦+3·I®Ðw¤�, �´E

kJp��m. äN/, du·I°�¢½ï�åÚ��, ISéu°�¢½�ïÄ�ÑÊ33

nØ½ö¢�¿�ã, y|Á�duÉ��K�Ï��õ
��Ù�¢�¿ïÄk�½§Ý�

�É, ¤±øë��y|Á�êâ�éØv, 
��±uy, y|Á��ØÇ�Npu¢�¿.

3±��ïÄ¥, AT\ry|Á�, ?�Ú/, �lU?�Ys	�Ä�á�9Ù�'!`z

�Ô����Ý5rzÙé»6À/���.

(4) ×lÚ¨Á�)��°�¢½ï��d3ºx�¯KA�±­À. k7��âØÓ/

«�ü�A5, mÐ°�ó§ü���W���EïÄ, AO´�é×l¯K?1�W�«aÚ

'ßXê��¡�ÅÚ`z�õ, Ó�AT­ÀY��>aE¤�×l¯K; 3°�¢½ï��

L§¥, �A�Ä°�ó§���Ué¨Á�)/�5�K�, ±¦��Y�¸�Y¥)�Ó�

£�8�.
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