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Abstract: To investigate the characteristics and factors of phosphorus interception,

phosphorus concentration from 12 storing multi-pond wetlands were analyzed. Evaluation

of the removal efficiency and identification of the key factors of phosphorus removal

were executed in the Erhai Lake Basin. The results showed that the water quality was

effectively improved because phosphorus pollutants from the surface source pollution were
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intercepted in the storing multi-pond wetlands. The average interception efficiency value of

η(PO3−
4 -P), η(TP) and η(SS) were 43.44%∼93.88%!27.71%∼89.67% and 21.84%∼62.12%,

respectively. Both the phosphorus concentration of the influent and the efficiency of

phosphorus interception in the dry season were higher, respectively, than those in the

wet season. Intermittent outflow of effluent provided a residence time which was long

enough for the removal of pollutants in the dry season. While ρo(TP) had a significantly

positive correlation with ρi(PO3−
4 -P) (R=0.297) and ρi(TP) (R=0.304). η(TP) showed a

significant positive correlation with ρi(PO3−
4 -P) (R = 0.665) and ρi(TP) (R = 0.740). The

efficiency of phosphorus removal primarily depended on the proportion of phosphate and

the TP concentration of the influent. This study may provide support as an engineering

case of multi-pond wetlands for the reduction of phosphorus into lakes, water pollution

control in basins, and water restoration.

Keywords: storing multi-pond wetlands; phosphorus; interception; basin

0 Ú ó

�X:
À/��k���, ¡
À/du2�5!©Ñ5!�Å5!�Ï5¤��

Ñ!à6YNLE�z96�Y)��z�Ì�pÏ[1-2]. âÚO, �°6��ÏÉ�¡


À/, ��Ñ\KÖL1, �Ó\�oKÖ� 70%[3]. �°´�Ì�.LE�z�Ñ, 2016 c

cþ�¹þ� 0.029 mg/L, �L GB 3838—20025/LY�¸�þ6/aIO 0.16�, o�ß

Ýþ�� 2015cþ,
 31.80%. 8c, �°Y��dLE�zÐÏ�ã�¥Ï�ã=C[4-6].

2017 c 1 �, �H��n²8¥°å¢��°6�“Ô�ó§”�Y, �¡mé�o�°

�ª[7]. 6�)�õ*�ï�´“Ô�ó§”¥�­�ó§����, ^±Aé�°6�¡


À/[8]. NOõ*�/��¡
À/���k�Ãã, ^±¢yÀ/Ô��3, U
k�¢

y6���®, JpÑYY�, ¢y6�¡
À/����£n9�°6�\��À/KÖ

��~[9-10].

��<ó�/�­�/ª��, NOõ*�/�A:3uEd��$í!+nB$!

OYþ�. I	éu�Y¢3*!<ó�/^u¡
À/?n®k�þ�ïÄ��, �·I

é<ó�/�ïÄ�,?uåÚ�ã[11-12]. ·I��¡
À/î­, õ*XÚ��
ûÐ�

$^, ¿��
�½�¤�[13-14]. ,
�°6�/?p�, ���6�/níÿ�3wÍ�

É. Ïd, Ï/�¨mup�/«NOõ*�/Eâ��ïÄ, �p�/«¡
À/��J

ø���Y~©ÛÚÄ:ïÄ.

�©Äu�°6�S5�zNOõ*�/NX�ïá, À�°À (H)!þ' (S)!�x

(W) ù 3 �	� 12 �NOõ*�/, �lNï?ÑY¥��¹þ, ©Û�/?ÑY¥�ß

Ý�©ÙA�, µdNOõ*�/é��Àz�J, ÐÚ)ÛNOõ*�/��ØK�Ïf,

±Ï�NOõ*�/�­½$1Ú5�zA^Jø�Æ�â.

1 á���{

1.1 ïÄ«�V¹

�°6�/?�Bp�, áu¥æ9�ÜHGºíÿ, Z�G!²w, Fì¿v, cþí

§ 15.1 ◦C, ~cÌ�º��ÜHº. 6�Sõc²þüYþ 1 048 mm, ü�8¥3 5—10 �
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°, Ó�cü�� 85%∼96%[15].

1.2 )�NOõ*�/

)�NOõ*�/Ì�dè�>·Úè�*ð�¤, .ÜÁ��'Ù, ��ÀYe'

Ú/eYþ', ·ðÁ�Z9�, >·�ko·7A, ��>·�¥. *¥�k�6ð±Õ

�Y6, >·�SÜ*ð'� 1B2. ?ÑY��kÒc¹�!Ä6þ�, ±N�?ÑYYþ

Ú$1Y . NOõ*�/dc�­½*!GéL6�/|¤, c�*þ«k 50% *Y�

¡È�Âúê, GéL6�/·Ü«k�~ú!º�ú!2åsÚZê�, �ÔCXÝ��

10%∼20% �L6�/Y�¡È. Ù/n ��I9Ä�ó²ëê�L 1.

LLL 1 NNNOOOõõõ***���///²²²���ÝÝÝ999ÄÄÄ���óóó²²²ëëëêêê

Tab. 1 Longitude, latitude coordinates and basic design parameters of storing multi-pond wetlands
¶¡ ²Ý �Ý ¡È/m2 ²þY�/m

H1 100◦15′56.52′′E 25◦42′56.60′′N 2 844.54 0.81

H2 100◦15′53.63′′E 25◦71′41.59′′N 1 612.08 0.46

H3 100◦15′53.47′′E 25◦42′39.55′′N 4 108.21 1.25

H4 100◦17′14.21′′E 25◦41′38.38′′N 4 721.84 1.08

H5 100◦15′40.11′′E 25◦42′56.81′′N 3 229.36 0.76

H6 100◦19′11.98′′E 25◦41′30.93′′N 5 880.20 1.36

H7 100◦16′57.51′′E 25◦41′26.22′′N 5 169.06 1.35

S1 100◦07′35.94′′E 25◦56′15.14′′N 5 176.00 1.28

S2 100◦07′37.08′′E 25◦56′14.76′′N 5 038.00 1.32

S3 100◦06′16.60′′E 25◦56′04.42′′N 8 400.42 1.50

S4 100◦06′42.88′′E 25◦56′22.58′′N 5 115.00 1.31

W1 100◦08′09.21′′E 25◦47′14.72′′N 7 699.05 2.00

1.3 �¬æ8�ÿÁ�{

NOõ*�/ï¤u 2017 c 5 �, ¿¤õ?YÝ\$1. NOõ*�/­½$1 2—3 �

��, u 2017 c 7 �—2018 c 1 �(Ù¥ 7—10 ���G, 11—1 �ÂG), Å�é 12 �NOõ*

�/?1Y�æ8. æ�:©O u�/�?Ñ�. Y�C\ PVC ��´¥$§���, á=

$£¢�¿, 3 24 h S�¤PO3−
4 -P!o� (TP) Ú]2�NÀ/Ô (SS) ßÝ (ρ) �ÿ½. �â

5YÚ¢Yiÿ©Û�{6(1o�)¥�ÿ½�{©Oæ^�I|©11Ý{!�I|©11

Ý{Ú­þ{?1 ρ(PO3−
4 -P)!ρ(TP) Ú ρ(SS) �ÿ½. ÃAO`²	, ¤kÁJþ�©ÛX,

¢�^Y�#m�lfY.

1.4 êâ©Û

�3�/¥��3�Ç (η) UìeªO�,

η = (ρi − ρo)/ρi × 100%,

ª¥, η � PO3−
4 -P!TP Ú SS ��3�Ç, ü � %; ρi �?Y ρ(PO3−

4 -P)!ρ(TP) Ú ρ(SS),

ü � mg/L; ρo �ÑY ρ(PO3−
4 -P)!ρ(TP)!ρ(SS), ü � mg/L.

æ^ Excel 2016!Origin 8.0 Ú SPSS 20.0 �êÆÚO^�?1¢�êâ�©ÛÚ±ã.

2 (J�©Û

2.1 NOõ*�/?Y�Ú SS ©ÙA�

NOõ*�/?Y��©ÙXã 1, 2017 c 7 �—2018 c 1 �, 12 �NOõ*�/?

Y¥�¹þ�É5wÍ. NOõ*�/ ρi(PO3−
4 -P)!ρi(TP) Ú ρi(SS) ©O� 6.60×10−3

∼
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2.24 mg/L!3.40×10−2
∼2.58 mg/L Ú 4.00∼281.25 mg/L. Ù¥ ρi(PO3−

4 -P)é ρi(TP) �zÇ

� 9.77%∼95.17%. ?Y¥ ρi(TP) `u/LY 0 ?IO�'~=Ó 3.57%, �u/LY V ?I

O�'~� 51.19%. ρi(SS) �u GB 18918—20025¢	ÀY?n�À/Ôü�IO6n?I

O�'~� 32.14%, `u�? A IO�'~� 3.57%. Ù¥ H2!H3!H4!H7 Ú S2 ?Y¥�

¹þÊH�p, À/î­; H5!H6 Ú S3 ?YY��é�Ð, �¹þ�é�$. NOõ*�/?

Y ρi(SS) CzÅÄ��, H1 Ú S4 ?Y ρi(SS) ¹þÊH p.

�°Ø=´�n²­��Ø^YY
/, �´­��Ài�/, �÷vY�Úµ*I¦, �

�>u�u, :�I�é5g¡
À/�\��KÖ?1k���. ù

u¡
À/�?Y¥

ρi(PO3−
4 -P)!ρi(TP) Ú ρi(SS) ¹þ�p, ÅÄ5Ú�É5�©wÍ, ���ÚM)��©�'

~�É�. Ù¥¹5��í¹þ�p�õ*¥ ρi(TP) ��é�p, `²ù
õ*¥ ρi(PO3−
4 -P)

é ρi(TP) ��z�é��. ù
�pÀ/KÖ�5Y, I²L?�ÚÀz�, âUü�\�

°[16].
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Fig. 1 The characteristics of P and SS concentration of influent in storing multi-pond

wetlands

2.2 NOõ*�/ÑY¥�Ú SS ©ÙA�

NOõ*�/ÑY��©Ù�ã 2, ÀY²LNOõ*�/�3Àz�, ÑYY�k
²w

�Uõ. NOõ*�/¥ÑY ρo(PO3−
4 -P)!ρo(TP) Ú ρo(SS) ©O� 2.90×10−4

∼0.13 mg/L!

0.01∼0.30 mg/L Ú 0.56∼191.25 mg/L. ÑY¥ ρo(TP) �u/LYVaIO�'~=� 3.57%,

eü
 47.62%, 
ÑY ρo(TP) `u/LY 0 aIO�'~þ,� 34.52%. ÑY ρo(SS) �un

?¢	ÀYü�IO�=� 8.33%, eü
� 25.00%, ρo(SS) ���? A IO�'~� 14.29%,

oNY²Jp
 10.72%. Ù¥ H4 Ú W1 NOõ*�/, 2017 c 7 �—2018 c 1 �ÏmÑY¥
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ρo(TP) A�þ`u/LY 0 aIO. NOõ*�/ H1 oNÑYY��é��. d	, 2017 c

7 �, S3 Ú S4 õ*¥ÑY ρo(SS) �,Lp.

þãNOõ*�/?Y¥, Ü© ρi(PO3−
4 -P)!ρi(TP) Ú ρi(SS) �é�$, �Ù¥�OÑY

ρo(PO3−
4 -P)!ρo(TP) Ú ρo(SS) %Ñy���O\y�, ù´du?Y¥ ρi(PO3−

4 -P)!ρi(TP)

Ú ρi(SS) ¹þL$, 
*NS3k�þ{Y, À/ÔßÝ p, ÀY²LNOõ*�/�, ��

ÑYY���. Ïd, 3£n¡
À/�, I�9��lN�?ÑYY�, ÏL?Yz�mé4

Ü, òY�ûÐ�5Y��ü�\�, ±ü$ZÀ5Y�õ*¥í{ÀYÀ/�ºx. d	, 3

õ*À��O�, �â¢/N�3À/KÖ��î­�«�?1õ*ï�, ��z¢yNOõ*

�/��ÀõU.
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Fig. 2 The characteristics of P and SS concentration of effluent in storing multi-pond

wetlands

2.3 NOõ*�/�Ú SS �3�Ç

NOõ*�/é PO3−
4 -P!TP Ú SS ��3�Ç�ã 3, η(PO3−

4 -P)!η(TP) Ú η(SS) ²þ

� 43.44%∼93.88%!27.71%∼89.67% Ú 21.84%∼62.12%. � 50% �NOõ*�/é���3

�J�é`� (>60%), Ù{NOõ*�/��Ø�J�É5��, ��õêé���Ø�Ç3

50% �m. SS 3õ*¥��Ø�Ç�É5wÍ, S1 Ú W1 NOõ*�/ η(SS) �éûÐ, Ù¦

õ*�/ η(SS) �� 30%.

NOõ*�/¥���ØL§É�õ«Ï��K�, X�Ô�)�!�)Ô�©Ù!Ä�

��É5Úó²ëê�[17-18], ?�Ï��UCÑ¬����3�Ç��É. SS ��Ø�Ç�õ

*?Y¥ SS ßÝ!â»��!�/6§!Y�!�Ô�ÝÚY66��õ«Ï�Ñk'[19-20],
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l
E¤�/¥ SS ��Ø�Ç�ÉwÍ.
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Fig. 3 Purification efficiency in storing multi-pond wetlands

2.4 ØÓYÏe?Y�Ú SS ©ÙA�

ØÓYÏe?Y�©Ù�ã 4, oN
óNOõ*�/ YÏ?Y ρi(PO3−
4 -P) Ú ρi(TP)

pu´YÏ, 
 ρi(SS) 3´YÏpu YÏ.  YÏLyÑ�p��Ñ\y�, ù´duõ*�

?Yþ
uà~~áÀY!àX/Y��òY»6, ù
�²?n�ÀY, �¹þÏ~�p; 


´YÏ�, ü�þ��, ÐÏ�Y/¤�»6�,¬���þ�À/Ô, �´���Yþépß

Ý�¡
ÀYk�½�Dº�^, Ïd,  YÏLyÑ�é�p�À/ÔßÝ. ,
 ρi(SS) 3´

YÏÚ YÏLyÑ���y�, ù´du�G�, ü��õ, �YÀM�^r, ��
�þ�

Yâèâ, ��?Y�N]2ÔßÝ p[21]. ØÓYÏ, ρi(SS) Ú ρi(TP) LyÑ���y�, `

²�N]2Ô¥��¹þ�é�$, Ùé ρi(TP) ��zØ�.
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Fig. 4 Characteristics of P and SS distribution of influent in the dry and wet seasons

2.5 ØÓYÏeÑY�Ú SS ©ÙA�

ØÓYÏeÑY��©ÙA��ã 5, �Ü©NOõ*�/ÑY ρo(PO3−
4 -P)!ρo(TP) 3

ØÓYÏßÝCzØ²w. ρo(SS) ´YÏÊHpu YÏ, ù�?Y ρi(SS) y���. NOõ*

�/ÑY ρo(TP) oNY²3 0.10 mg·L−1 �m, `²NOõ*�/é¡
ÀYkûÐ�Àz�

^, �kÏuÑY�ßÝ�­½. Ù¥ H1 õ*3 YÏÑY ρo(TP) þ��� 0.20 mg·L−1, 3

2017 c 11 �—2018 c 1 �°du�°/«“Ô�ó§”üÀ+�Á�!#ïÀY���ó§�

ó�Ï, òþi�±�YU�, ®?TNOõ*�/�?Y�±, E¤?YY�C�, YþC�,

?
��ÑY�ßÝ�ÉC. 
´YÏ ρo(SS) �,� YÏp, ù�y�`², ÑY ρo(SS) �
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?Y¥� ρi(SS) äN�½��'5.
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Fig. 5 Characteristics of phosphorus and SS distribution of effluent in the dry and wet

seasons

3 ? Ø

3.1 ØÓYÏéNOõ*�/�ÚSS�3�J�É5©Û

�°6�duÂG�G�O©², E¤
NOõ*�/ØÓ�YÏ. ü���É���?

YY�Yþ�É²w, ?
E¤ØÓYÏNOõ*�/?Ñ�Y©Y�A��ÉwÍ, K��/

¥���3�J. Ïd, YÏ´NO*õ*�/��3�­�K�Ï�.

ØÓYÏe��3�J�ã 6, NOõ*�/� η(PO3−
4 -P) Ú η(TP) 3´YÏÚ YÏ�

JþûÐ, �*dm�ÉØwÍ. η(PO3−
4 -P) Ú η(TP) 3 YÏÑ`u´YÏ. ØÓYÏ, NO

õ*�/¥ SS ��Ø�Ç«O²w, Ü©õ*3´YÏé SS ��Ø�J�Ð, X H4 Ú W1;

Ù{�õêõ*�/,  YÏ η(SS) �pu´YÏ.

�3�/¥��Ø, Ì��6uÔn�ü�D!�Ô�áÂÚÄ��áN�L§[22]. ´Y

Ï�, �Ô�?u)��!G, ÀY¥�¹5 PO3−
4 -P Äk´��Ô!�)ÔáÂ[23], ?
=z

�kÅ�, �33�Ô!�)ÔNS; ���ÏL�ü!.�áN)á2áN�L§, �ª�È

�.Y¥[24]. =¦Yþ��, �/�,LyÑûÐ���3�J.  YÏ�, �,�Ôé���

3�z�f, �´ YÏ�, ?YYþ��, �Ü©NOõ*�/Ñ�Ñym�5ä6, =¦?

Y¥�¹þ�p, ����Yþ(�
ÀY3NOõ*�/¥v
�Ê3�m, Jø���/0

�¿©��A�m, Ø�¦�À/Ô��D�J��J,, �k|uÀ/Ô3�/¥�)z�Ø

L§, l
�� YÏÀ/Ô�ØÇ�é�p.

3.2 NOõ*�/ÑY ρo(TP) Ú η(TP) �?Y�¹þÚ SS ��'5©Û

NOõ*�/?Y ρi(PO3−
4 -P)!ρi(TP)!ρi(SS)!ÑY ρo(TP) Ú η(TP) � Spearman �

'5©Û�L 2. ρi(TP) ©O� ρi(PO3−
4 -P) wÍ��' (R = 0.916), L²?Y ρi(TP) �X

ρi(PO3−
4 -P) �O\
O\, �?Y¥M)����íé?Yo��z�é��. ρo(TP) �

ρi(PO3−
4 -P)(R = 0.297) Ú ρi(TP) (R = 0.304) wÍ��', �?Y¥��¹þLp, ¬��

�/ÑY ρo(TP) �O\[26], Lp�?Y�ßÝØ|uÑYY��Uõ. η(TP) ©O�?Y

ρi(PO3−
4 -P)(R = 0.665) Ú ρi(TP)(R = 0.740) ¥wÍ��', �ÑY ρo(TP) (R = −0.335) w

ÍK�'. o���Ø�J�?Y�ßÝk', �p?YßÝkÏu�/Àz�Ç�Jp[27] .

�NOõ*�/�Àz�ÇC��Ø|uÑY�ßÝ�Uõ[28]. ?Y ρi(SS) � ρi(PO3−
4 -
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P)(R = 0.147) Ú ρi(TP)(R = 0.163) ��'5��, `²?Y¥�N]2Ô¥�¹þé�/?

Y�ßÝ��zÇØ�.
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ã 6 ØÓYÏe�Ú SS �3�J

Fig. 6 Efficiency of phosphorus and SS retention in the dry and wet seasons

3Ü·�?Y�ßÝ��, �X�/?Y¥ PO3−
4 -P Ú TP ¹þ�O\, �±Jø�õ

�E�Ô���/�ÔÚ�)ÔáÂ)�, r?�)ÔÚ�Ô�#���, ?
kÏur?

Ùé��áÂ�Ø[29]. ��
ó, ��/¥ SS Lõ, TP �Ø�J`�, ù´du�/¥�

��3/�õ±��/ª�3[30]. 
3�°NOõ*�/¥, ρi(SS) � η(TP)(R = 0.124) Ú

ρo(TP)(R = 0.035) ��'5ØwÍ, `²�°õ*?Y¥�N]2Ô¥�¹þØp, �`²


�°õ*?Y�õ±M)��Ì, ù�þ©¤�(Ø��. d	, �° 12 �õ*¥ ρi(PO3−
4 -

P)!ρi(TP) �ÑY�ßÝÚ��Ø�ÇwÍ�', y¢
ù
õ*¥?Y ρi(PO3−
4 -P)!ρi(TP)

´ ρo(TP) Ú η(TP) �­���Ïf��, ρi(PO3−
4 -P) Ú ρi(TP) ´�/��3L§¥­�K�

ëê, K��3�/¥�=zL§. Ïd, 3�ONOõ*�/�, �÷v�/é���3�J,

��ûÐ�ÑYY�, ÀJÜ·�?Y�ßÝ, £OØÓ/��|¤é�/Àz5U�J,k�

��¿Â[31-32].
LLL 2 NNNOOOõõõ***���///???������!!!SS���������ØØØÇÇÇ���'''555©©©ÛÛÛ

Tab. 2 Correlation analysis between phosphorus, SS of influent, and phosphorus removal

efficiency in storing multi-pond wetlands
�8 ρi(PO3−

4 -P) ρi(TP) ρi(SS) ρo(TP) η(TP)

ρi(PO3−
4 -P) 1.000

ρi(TP) 0.916∗∗ 1.000
ρi(SS) 0.147 0.163 1.000

ρo(TP) 0.297∗∗ 0.304∗∗ 0.035 1.000
η(TP) 0.665∗∗ 0.740∗∗ 0.124 −0.335∗∗ 1.000

5: **�L3 0.01 Y²(Vý)þwÍ�', n=84
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(1) NOõ*�/�ïáU
k�:�¡
À/����À/Ô, J,ÑYY�. ²�/

Àz?n�, ÑY PO3−
4 -P!TP Ú SS �¹þl�k� 6.60×10−3

∼2.24 mg/L!3.40×10−2
∼

2.58 mg/L Ú 4.00∼281.25 mg/L eü� 2.90×10−4
∼0.13 mg/L!0.01∼0.30 mg/L Ú 0.56∼

191.25 mg/L. ÑY ρ(TP) `u/LY III IO�'~þ,� 34.52%, ÑY ρ(TP) �u/L

YVaIO�'~=� 3.57%, eü
 47.62%. NOõ*�/é PO3−
4 -P!TP Ú SS �²þ�3

�Ç©O� 43.44%∼93.88%!27.71%∼89.67% Ú 21.84%∼62.12%.

(2) 3ØÓYÏ, NOõ*�/?ÑY¥�©ÙA�9Ù�3�Jk¤�É.  YÏ?Y¥

�ßÝ�´YÏ��, � YÏ���Ø�Ç�´YÏp.  YÏm�5ä6kÏu�/À/

Ô��Ø.

(3) �â Spearman �'5©Û, ρo(TP) � ρi(PO3−
4 -P)(R = 0.297) Ú ρi(TP) (R = 0.304)

wÍ��', η(TP) ©O�?Y ρi(PO3−
4 -P)(R = 0.665) Ú ρi(TP)(R = 0.740) ¥wÍ��'.

?Y ρi(PO3−
4 -P) Ú ρi(TP) �O\kÏu�/ η(TP) Ú ρo(TP) �Uõ, ´NOõ*�/��

3L§¥­��K�Ïf. £O`z?Y�/�|¤9ßÝéJ,�/Àz5U, ü$ÑYY

�k���¿Â.
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