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Á�: �ïÄ©Û
·I 12 ��m�L�9ÎG��o� (TP) ¹þ, uyúôaM±

��¬, �w�à�L�� (0.046%±0.013%) 9Î� (0.047%±0.015%) ÚìÀ���L�

� (0.047%±0.009%) 9Î� (0.055%±0.008%)�$�«, Ù{U9Ç�!ÀE�à�!ô�

í¢!þ°Â²À�ÚúôaM��Ü 5 /« TP þ�3 0.063%∼0.074%, �÷° 12 ��m

�¥�p�«. aM±H, Øf�Ê9ô�Ú¾ô�L��ÚÎ�p	 (0.051%∼0.070%), 4

²±ô�!2Ü=Û�Ú°HÀÆl�$(0.019%∼0.041%). �Ü�/p�«��ÈÔ5

±pÏþ�à6]2�Ñxk'. ��Wí (Ca-P) �¹þp�:�Ñy3�Ü 5 /« (4.16∼

9.56 µmol g−1). �ïÄÎ��c(Ü�ÃÅ��í (Fe-P) ¹þ$uL��. Fe-P �p�:

 uÇ�!��ÚÊ9ô��L��. ÏLügëYÚ�ëY\Y��, uyëY��¥, Ó

�«� TP �º��ÇkOkü, Ê9ô� (0.927±0.312 µmol kg−1h−1) º�Ç�puÙ¦

«�. �ëY��, Ø
�à�, Ù¦ 11 �«�TPº��ÇwÍO\ (P <0.01), Ç�º��

Ç (1.437±0.325 µmol kg−1h−1) �p.
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Abstract: This study analyzed the content of total phosphorus (TP) in the sediments of

major Chinese tidal flats. It found that the northern flats, separated by the Zhejiang Cixi
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sampling site, showed low TP content in the surficial and core samples of the Liaoning

Liao River delta (0.046%±0.013% surficial, 0.047%±0.015% core) and the Shandong

Qingdao mud flats (0.047%±0.009%; 0.055%±0.008%). The average TP in the rest of

the northern flats, such as Tianjin Hangu, the Yellow River delta, Jiangsu Yancheng,

Shanghai Chongming Dongtan, and Cixi, varied from 0.051% to 0.070%, the highest level

in the 12 tidal flats. Except for the Xiamen Jiulong River and Guangdong Pearl River

flats (0.051%∼0.070%), the TP content values were found to be lower in the southern

flats, especially in Fuzhou Minjiang, Gangxi Yingluo Bay, and Hainan Dongzhaigang

(0.019%∼0.041%). The high TP in the northern flats can be attributed to fluvial sediments

carried by high discharge rivers. At the site of high measured TP values, large amounts

of Ca-P also were detected (4.16∼9.56 µmol g−1). The concentration of Fe-P in the core

samples was lower than the surficial samples. The tidal flats of Hangu, Qindao and Jiulong

River exhibited the highest Fe-P levels. Two consecutive and non-consecutive incubation

experiments showed various self-release velocities of TP. In the consecutive incubations, the

largest release velocity occurred in the Jiulong River delta (0.927±0.312 µmol kg−1h−1).

The non-consecutive experiments showed a significant increasing trend of TP release

velocities in 11 tidal flats, except for the Liao River delta (P <0.01). Among the sites, the

Hangu, displayed the highest TP release velocity (1.437±0.325 µmol kg−1h−1).

Keywords: total phosphorus; phosphorus fractionation; internal loading of phosphorus
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ÔíN�´��kÅ½ÃÅ���5, ÃÅ P ±��í�Ì, ÙáN½2)uÃÅÚ

kÅ����â¥[1-2]. �m��/�ÈÔ�âÚÄ�ÔíN¥�;þ��, ��)Ô¹N

½�YY¥��í¹þ[3-6]. �ÈÔ¥���k�å��5�^, K�)Ô1Ü�^, ?

é CO2 Ú N ���Ì��)p�K�, Xdu°²¡eü��Ü©�ºeÑ³, P º�O\,

1oVXÏ°Y¥� P 'mXÏp[7], lK�Ð?)�å. ��/�K�ÙáN)áÚ

�ª�Ä�Ô|^[8]. ÃÅ��í/�½Â~^ÄuJ�J�½¶�{, X NaOH-P Ú HCl-

P ©O@�Fe!Al ��Ú Ca�[9]. Fe-P ½ Al-P, 3��Ú���¸��Üe, ¶z�)��

�í´u)áº�, l�)Ô|^[10], �ÈÔ¥g)���Úí3�����@�Ø´

�)Ô¤|^[11-13], �k*:@�3·�^�e (pH9â»�Cz), ���U=z¤il
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1[16-17], ��ÏLæ8áÎ�, ¿S�[��ª?1[18-22]. �þã©z�ïÄ�ªõ�"�

½rz��^�e�[��º�½áN, �m��å�á, Ð�!"��O, 8c"y�
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Å��/�, &ÛÙCz¤Ï.

Ï~�ÈÔ¥ÃÅ�º�\þCYN¥, \þºà6Ñ\Ú�6Ñx, ��YN¥�

¹þ�,p. 8c·I��CWYN¥, ¹5��í�: �IÇ®ëYüc½3 14.6%,

À°CW� 40%�m, =guÃÅ�[23-24]. Ï�æ´�BWþYNÚÀ/ü���1N, Ù
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Éè�!�6!íÝÚ<ó¹Ä, X��!���õZ6K�[25-27]. �ïÄÏL8¥æ8

�m��æ�ÈÔ�¬, ©ÛÙ��¹þ!���lÑ��!Fe-P!Ca-P, ¿ÏL�[¢�

©Û�ÈÔg�����º��/, �éïÄ÷°�ÈÔYN P �)áÚÌ�k�½�

éu.

1 ïÄ�{

1.1 /:9æ��{

À�IS 12 �Ì��\°à6�m��æ½�/��ïÄé�. g��H�g�: �

w�à� (LH)!U9Ç�÷W (HG)!ÀE�à� (DY)!���²��æ (QD)!ô���

í¢÷W (YC)!þ°Â²À� (DT)!úôaM÷W (CX)!4²±ô� (FZ)!f�Ê9ô

� (JL)!2À¾ô� (ZJ)!2Ü=Û� (YL)Ú°HÀÆl (DZ), �ã 1.
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Fig. 1 The 12 sampling sites of the study

u 2014 c 9 � � 11 � æ 8 Î �. © O u 2014c 12 � � 2015 c 2 � Ú 2015c 6 �

� 8 �æ8L��¬, �� GÚöG�. æ^PÂ{æ8Î�¿P¹Ø �Ý. Î�

¤^kÅÀæ+S» 10 cm, � 120 cm. ±þ 12 æ�«�, z«���æ8 2 �Î�, Ù¥

�à�Úí¢��æ8
 3�Î�, � 26 �Î�. öGæ�¥, ò 12 �æ8«�© 15�ä

¡, zä¡�gÙp¥$�� 3 æ�:, ^ØCg�æ8 0—20 cm L��, �� 540 �.  

G�K� 5 �ä¡, Ù�p¥$�� 3 :, �¬êþ�öG� 1/3, �uöG�kêþõÚ�

m©Ù2�`³, �ïÄæ^öG�. ¢GÎ�æ8�uüFS=£� 4 ◦C �ð§/e;

õ¿. gGL��¬�Fæ8þW��u�eõõU��1X�þ (4 ◦C), $£�eÈu

−18 ◦C X@¥. Î�3æ8�ü��SU 2 cm ©�¿C�eÈ.

1.2 ¢�©ÛÿÁ�Y

���ÿ½�{{ãXe. ��þ�ÈÔ�¬�u 40 ◦C¬Só 24h, L 60 8ç, ¡

� 0.25 g �¬, ^�þ�lfY�d, k�\ 3 mL1�Ú 10%pÅ�, �N§>¬þ�È,

2=£� 100 mL Nþ´, ^�I|{ÿ½�¹þ[28]. IOÔ� GBW07309�\I£ÂÇ
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½3 95%.

�ÀJ·Ü�ÃÅ�/�ÿ½�{, kÄ 12 �æ�«Ü©�¬, ^ 0.5 mol·L−1 NH4F J

� Al-P, uyõê�¬ Al-P ¹þé$. cÏÿÁuyaM±�æ�«�¬%�W¹þp,

V\ NH4F, /¤ CaF2, � P �A)¤�D, Z6 Al-P �ÿ½. 4O���íÿÁ¥, ¦

^ Na3C6H5O7·H2O-Na2S2O4-NaHCO3(CDB) M�EJ, Ù©ÛÉ1zÔ�Z6î�4

O���3r���^�eâ�)Ô|^. ��ª�ïÄJ���n«/�, =�Ml

Ñ P!Fe-PÚ Ca-P, z�«��ÅÀ 10�L��Ú��Î�Ù¥ 5�� (²þ 20 cm ©�),

� 180�. äNæ^Xe�{?1��©?ÿ½[29]. ¡� 1.0 g è�u 100 mL l%+, \

1 mol·L−1Åz
 50 mL, ëYð§�� 1 h(20 ◦C), l%�, �Ñþ��, �·þNÈ�N, ^

�I|{ÿ½�MlÑ�, =ÃÅ�¹5�. þãl%+\\ 50 mL � 0.1 mol·L−1 NaOH+

1 mol·L−1 NaCl, ëYð§�� 17 h(20 ◦C), l%�, �Ñþ��, \ 25 mL C�ÚÅz?

M� (350 g L−1) ·!¿l%, �Ñþ��, 2\ 25 mL þãÅz?M�, ·!l%, �·

þ��?1ÿ½, d�Fe-P. \ 0.5 mol·L−1 HCl 50 mL u±þl%+¥, ëYð§�� 1 h

(20 ◦C), �Ñþ��, 2Eüg\C�ÚÅz?M�, ·!!l%¿�Ñ, \±ÿ½,

�Ca-P.

�ÿ½�ÈÔS P �º�, ?1üg�[��¢�, ��§Ý� 24∼28 ◦C. � 12 �æ

�«L��, k�?1üg: 1�g��u 6 �� 7 �?1, ¡ 6 ���; 1�g��u 8 �

� 9 �?1, ¡ 8 ���. 12 ��m�«�, z«��ÅÀ 4��¬?1 6���, � 48 �,

8 ���� 3 �, � 36 �. ²þz���� 65 g, �\ 500 mL kÚ7XÁJ´, U 1 g (Zè

�þ): 1.5 mL, \�AíÝ�<ó°Y[30], �/äNíÝ�CW²þ�[31]. \YL 12 h ��

Ñ, � 12 h 2\°Y, 6 �Ú 8 ���ÐÏëYE 4 g, �ÏÅì.�\Ym�Ï. 6 ���

�Ïüg\Ym� 48 h � 96 h, ?1
 6 g, 8 ����ÏKm� 96� 192 h, ?1
 5 g. Y

�^L1�a�)�, ÿ½Ùo�[32].

éêâ?1®o©Û, ¿?1üÏ���u� (ANOVA)!tu�Ú Kruskal-Wallis�ë

êu�, Ì�$^ IBM SPSS 23!Excel 2016 Ú Origin 9.0 ^�.

2 ( J

2.1 �ÈÔÎ�o�

�Î�U 2 cm ©�, Ùo�¹þ (TP%)R�©Ù�ã 2, Ø
LH01Ú QD03	, Ù

¦ Î � � N þÃ² w � 4 O ½ 4 ~ ª ³. ¾ ô � (ZJ)Ú f � Ê9ô � (JL)L � 0—

20 cm � TP ¹þ�p, �� (QD) ÚÂ²À� (DT) Î�R��É��. �à� (LH)!U9

Ç� (HG)!���²� (QD)!��í¢ (YC)!aM (CX)!f�Ê9ô� (JL)Ú°H

ÀÆl (DZ)��/¤æ8� 2½ 3 �Î�mkwÍ�É (P <0.01). �à� (DY)!Â²

À � (DT)! 4 ² ± ô � (FZ)! ¾ ô � (ZJ) Ú 2Ü=Û� (YL) � m � (DY, P=0.508,

ANOVA; DT, P=0.168, Kruskal-Wallisj; FZ, P=0.994, Kruskal-Wallisj; ZJ, P=0.134,

ANOVA; YL, P=0.083, Kruskal-Wallisj) ü Î � mÃw Í � É. ä N ê � ' � � ã 3,

DZ Ú YL Î�²þ��$, ©O� 0.025%±0.034%Ú 0.022%±0.006%, p�Ñy3 HG!

DT Ú CX, ©O� 0.069%±0.014%!0.072%±0.006%Ú 0.067%±0.090%, Ù¦Î�þ�©Ù

3 0.051%∼0.064%�m.
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Fig. 2 Vertical profiles of TP (%) at the 12 sampling sites
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Fig. 3 Box & Whisker Charts of TP concentration at the 12 sites

2.2 L��o�

L��¬¥ (�ã 3), DY(0.071%±0.008%)!DT(0.074%±0.007%)!CX(0.072%±0.006%)!

JL(0.070%±0.019%)Ú ZJ(0.070%±0.019%)�¹þ�p, YL(0.019%±0.010%)9 DZ(0.030%±
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0.024%)� ¹ þ�L � � � � $ �. � � � ¬ ¥ (a M ± �), $ � : u LH(0.046%

±0.013%)Ú QD(0.047%±0.010%), Ù¦«�3 0.063%±þ. HÜ�¬, Ø
þãp�«

� (JL Ú ZJ), Ù¦«��u 0.04%. Ø
 JL Ú ZJ	, L���¥ ê��Î���C.

2.3 ��/�

¤kÎ�ÚL��¬¥��M�½il���¹þ4� (�ã 4 Úã 5). õê�¬�

�Mil��¹þ��3 0.1∼0.2 µmol g−1. L��¥, CX(0.30±0.06 µmol g−1)!JL(0.33±

0.09 µmol g−1) ¹ þ � é � p, HG(0.33±0.08µmol g−1) Ú JL(0.32±0.08µmol g−1) � Î

� ¹ þ p. L � � ¬ � Fe-P ¹ þ p u Î �, DY(1.70±0.27 µmol g−1)!YC(1.46±

0.90 µmol g−1)!DZ(1.52±0.54 µmol g−1) Ú YL(0.94±0.50 µmol g−1)� 12 ��m�$�

«�, HG(4.48±0.48 µmol g−1) Ú JL(5.80±1.53 µmol g−1)��p�ü/, Ù¦L��¬

Fe-P ¹þ3 2.2∼4.1 µmol g−1. Î�¥, Ø QD(2.07±0.53 µmol g−1)	, Fe-P ¹þÑ$u

1.7 µmol g−1. Ø QD!YL Ú DZ, Ù ¦ L � � ¬ Ca-Pp u Î �. Ca-P � p � Ñ y 3

DY(7.97±1.15µmol g−1)!YC(9.56±2.29 µmol g−1)!DT(8.73±0.64 µmol g−1) Ú CX(7.97±

0.78 µmol g−1) �L��¥. aM±HL��½Î� Ca-PÑ$u�ÜØ LHÚ QD	��

¬. Î�¥ (�ã 5), QD!JL!DT Ú FZ � Fe-P ��Ý¥4~�ª³, LH!QD 9 FZ � Fe-

P Ú Ca-P ����, DY ´���MlÑ P Ñ�u Fe-P ��:, HG!QD!JL Ú ZJ �Î�

ä¡KLy�Fe-P��u�M P.
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Fig. 4 P fractionation results in the surficial and column samples from the 12 sites studied

2.4 �ÈÔS��º�

6 �Ú 8 ���, c 4 g�m� 24 h �ëY\Y��, � 6 gÚ 5 g��ëY5��mm

���, Ù�ÈÔS TP)áº��Çª³ÚÚO(J©O�ã 6ÚL 1. yéc 4 gëY

\Y��, 12 �æ�«��gØÓæ�:m?1'�, 3�à� (LH, P=0.314, ANOVA), �

à� (DY, P=0.508, ANOVA)!��í¢ (YC, P=0.069, ANOVA)!Â²À� (DT, P=0.080,
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Fig. 5 Profiles of P fractionation in column samples

Kruskal-Wallisj)!aM (CX, P=0.465, ANOVA)!±ô� (FZ, P=0.238, Kruskal-Wallisj)!

¾ô� (ZJ, P=0.161, Kruskal-Wallisj) �m�, æ�:m�ÉØwÍ. U9Ç� (HG)!�

� (QD)!f�Ê9ô� (JL)!2Ü=Û� (YL)Ú°HÀÆl (DZ)�ÉwÍ (P �þ�u

0.01). é 12 ��m��gØÓæ�:�ëY\Y��?1'�, LH æ�:�mÃwÍ�É

(P=0.118, Kruskal-Wallisj), Ù{ 11 �æ�«�:m�ÉwÍ (P < 0.01). '�ü�«�c�

ëYÚ�ëY\Y�� P�º��Ç (é�ëY, '�c 4 g), uy LH!HG!QD!JLkw

Í�É (P < 0.01), Ù¦�:ÃwÍ�É(P > 0.05). äNê��¡�L 1, 6 ���3ëY�

� Ï (1-4), JL º �Ç� p (0.877±0.256 µmol kg−1h−1), Ù g�HG (0.692±0.358 µmol

kg−1h−1), FZ(0.233±0.120 µmol kg−1h−1) Ú DZ(0.293±0.173 µmol kg−1h−1)��$ü«�.

6 �����ëY��Ï (5-10), Ø
DT!JL!DZÚ YL, Ù¦õê«� TP�º��Ç�

uëY��Ï. HG �ëYÏ²þ�3 12 �«�¥�p, � 1.056±0.632 µmol kg−1h−1, �

�ëY��� (0.692±0.358 µmol kg−1h−1)���, JLº�ÇÙg (0.8640.692±0.293 µmol

kg−1h−1), DZ(0.278±0.135 µmol kg−1h−1)��$. 8 �ëY��Ï, JL(0.927±0.312 µmol
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kg−1h−1)��p, Ùg�HG(0.760±0.262 µmol kg−1h−1), oNþ�ëY���mO\, 4O

½4~, LyØ� (�ã 6). ��ëYÏ, Ø DY Ú FZ	, ��: TP �º��Ç´��Ï�

p�, cÙ HG(1.437±0.325 µmol kg−1h−1)!QD(1.058±0.172 µmol kg−1h−1) Ú JL(1.133±

0.508 µmol kg−1h−1), FZ(0.310±0.116 µmol kg−1h−1) Ú DZ(0.297±0.140 µmol kg−1h−1) �

$, Ù¦�:þ�3 0.4∼0.8 µmol kg−1h−1 m, $º��Çu)3 FZ, DZ Ü©: , Ù$�

3 0.12∼0.17 µmol kg−1h−1 m (�ã 6). oNþ, 6 � Ú 8 �üg��, LH!HG!QD Ú JL 3

�ëY��ÏÙ Pº�ÇwÍO\ (P <0.01).

LLL 1 12 ������mmm���LLL��������� P ���ººº������ÇÇÇ (±SD)

Tab. 1 P desorption rates for the surficial samples from the 12 tidal flats studied (±SD)

æ�« 6 ���º��Ç/ (µmol kg−1 h−1) 8 ���º��Ç/ (µmol kg−1 h−1)

�� (1-4) þ� (1-4) �� (5-10) þ� (5-10) �� (1-4) þ�(1-4) �� (5-9) þ� (5-9)

LH 0.007-0.981 0.542±0.251 0.379-0.901 0.692±0.145 0.291-0.687 0.469±0.132 0.557-1.140 0.842±0.180

HG 0.229-1.401 0.692±0.358 0.418-2.591 1.056±0.632 0.433-1.454 0.760±0.262 0.988-2.039 1.437±0.325

DY 0.146-1.031 0.437±0.227 0.154-0.821 0.437±0.174 0.116-1.343 0.564±0.400 0.157-0.854 0.558±0.237

QD 0.197-1.400 0.632±0.332 0.196-1.584 0.776±0.338 0.349-1.125 0.645±0.230 0.837-1.370 1.058±0.172

YC 0.156-0.729 0.306±0.157 0.120-0.800 0.350±0.161 0.215-0.909 0.416±0.204 0.319-0.723 0.554±0.128

DT 0.122-1.242 0.367±0.273 0.101-0.652 0.301±0.148 0.198-1.053 0.542±0.290 0.154-1.400 0.692±0.373

CX 0.182-0.846 0.394±0.222 0.197-0.780 0.422±0.168 0.262-0.949 0.454±0.223 0.328-0.610 0.483±0.008

FZ 0.009-0.487 0.233±0.120 0.117-0.517 0.300±0.106 0.136-0.747 0.436±0.205 0.121-0.551 0.310±0.116

JL 0.493-1.398 0.877±0.256 0.354-1.440 0.864±0.293 0.501-1.453 0.927±0.312 0.365-1.794 1.133±0.508

ZJ 0.182-0.970 0.467±0.194 0.274-1.211 0.532±0.218 0.229-0.575 0.376±0.109 0.216-0.592 0.435±0.110

YL 0.246-2.446 0.845±0.654 0.171-1.643 0.727±0.454 0.237-0.708 0.428±0.138 0.096-0.771 0.476±0.183

DZ 0.097-0.824 0.293±0.173 0.034-0.638 0.278±0.135 0.132-0.520 0.290±0.123 0.063-0.481 0.297±0.140

5: 1-4�ëY\Y��, 5-10 Ú 5-9��ëY��

3 ? Ø

3.1 �m�o��A:Ú��/�Cz

Ú N ��ØÓ, A�Ãí� P ë�°ºm P �Ì�. g,.¥Ø�°YÚþC)ÔíN�

È����P Ïþ	[33-34]. Ùg�à6¥P �Ñ\Ïþ[35-36], Ù¥ý�õê��â�P[2]. a

M±��ÈÔ�5�{¤þ�à½Ù|6���]2�âÔÑxk'[37-38]. äN5w, ØÓ

æ�«�¥, Ð°��Üo��$, X u�à��L��9Î�, Ð°ÜÜ9�°HÜ�à

��\°��ê��p, �kcïÄ(Ø�C[39-40]. Ð°÷W�m�¥, U9Ç�Î�TP �

p, Ø
Ca-P �Ï�	, {¤þÉU9�Üà6üÀK�[41] , E�í¹þp, Ó�Ùq�tY

��æ, ´áNÈ\ P, Ù Fe-P ¹þ��p, �U¬k�pº�ºx. �Ü�¬¥, Ç�!ÀE

�à�!��í¢!Â²À�ÚaMCa-P ¹þ'Ù¦æ�«�p, ²þ�� 6.57 µmol g−1.

ÏÊè¶Ô�J��ÈÔ5[42], éÓ��¬�Êè¶Ô©Û��(�L 2), Ç�Ú�à��

�ø�/�|��C, À�ÚaM����C, ��Ù�ÈÔ|©5��, =Ç�Ú�à�

� Ca-P É�àÑâ�5�]2�����K�, À�ÚaM� Ca-P 5g�ôÑxÔ. í¢

��ø�¹þØuþão/�¥, �NÙÉkc�àU�K�[38], Ó�í¢CWâ6¶Z�Y

ÄåE,, �ª¬É��àÚ�ô�ÈÔ�VK�[43]. aM±���à�Ú���²�, Ù

�ÈÔ5u�/þià6Ñx, Ó��²��µ4�°�YN���¸¦ÙÊâG�ÈÔÉ

�àÑâK���[44], lE¤ Ca-P Úo�¹þ$u�ÜÙ¦�:. éu´�)Ô��|^
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� Fe-P, Ù¹þ3�à�Ú��í¢ $, �Ù®ß�Êè½Êè�®ß�ÈÔk'[42,45]. �

��²�� Fe-P ¹þ�Ç��C, ü/ÓáuY��æ, Ó�qÉº�K�[46-48], c(Ü�

��í¹þ�p. 3aM±H, Ca-P ¹þÑ$u�Ü�m� (Ø LH Ú QD). HÜ§9íÿÚ�

5è1/¤�à��ÈÔè1©zr�, ÙI�´r�©z��Ôp*�¹þ 3 �½ 4 �u�Ü

�m� (�L 2), �ÈÔCa ����õ, Ca-P ¹þ�éó��. Fe-P �p� u4²!Ê9

ô�Ú¾ô�, Ù¥Ê9ô�L�� Fe-P �¹þ�p, �Y���¢�y¢
p Fe-P ��ÈÔ,

Ù��º��Ç�p. ¾ô�L��¬ Fe-P 3÷°�m�¥¿Øp, �'ïÄ�L²ÙY�L

yÑ���5E�A�[49]. �HÜ�=Û�ÚÀÆl, o�¹þ�$. ùä��æ"��Ì�

Å�´T«���ÈÔÉ�Ô�S©��$©f�þkÅ��K�[50], dakÅ�ÏL�¾�

�ÜÚ� N����A[51], ò¾(Ü���º�\YN¥[52], ¿Ó�òW�M)[50]. �ïÄ

�ùä��æq?u�F�/�, k|u�5Ô��È\, �ª/¤
$���È�¸.
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ã 6 L��ÈÔTP �gº��Ç

Fig. 6 Self-release velocity of TP in the surficial samples

12 �«�Î� Fe-P ¹þ²w$uL��¬, �Ü©Î� Fe-P ¹þ¥4~ª³, �Ï�U

´��íáNu FeOOH, /¤ FeOOH·PO4, 3"�½��^�e, ´/¤ Fe2+ )l, \þ1l
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f� Fe2+ ¿�5(Ü, l�ªü$ Fe-P �[6]. 12 ��m�Ø
 3 «/�� P	, Ù{ P �U

´kÅ�½4O�P, kc�	t	L²ý�õê�/��D��íÝp, A±Ã¹5!Ø�)

Ô|^�4O� P�Ì.

éu�Ü�m��ÈÔ¥p¹þ Ca-P (Ì��g)���½��G���), Ï~@�ÙØ

��)Ô¤|^, áuÃ��, , Smith uy[14-15], ����U�)Ô¤|^, Ù¥ pH �e

ü´'�Ïf. Yamada ÏLrz��¢� (\ø0)[17], �uy Ca-P �ü$¿�� pH �eü.

�38c, ��3��[�g,|µ¥Ñy, �X°���z[53-54], Ù�J´Ä¬Úå�ÈÔ

¥ Ca-P �Cz�I*	.

LLL 2 LLL������¬¬¬¥¥¥ÊÊÊèèè¶¶¶ÔÔÔ���¹¹¹þþþ†

Tab. 2 Average clay mineral content from surficial samples

�|�¹þ/% �ø�¹þ/% p*�¹þ/% ÉY�¹þ/% �ø�/�|�‡

1.LH 58.9 14.5 13.9 12.7 0.246

2.HG 59.1 8.4 15.3 17.2 0.142

3.DY 55.3 8.3 16.1 20.3 0.150

4.QD 61.0 10.8 16.0 12.2 0.177

5.YC 58.3 7.4 15.2 19.1 0.127

6.DT 56.1 4.6 18.4 20.9 0.082

7.CX 58.8 5.1 16.3 19.8 0.087

8.FZ 32.8 2.2 37.9 27.1 0.067

9.JL 32.0 3.5 40.0 24.5 0.109

10.ZJ 39.5 1.3 38.4 20.8 0.033

11.DZ 32.6 6.4 38.7 22.3 0.196

12.YL 15.3 2.0 61.3 21.4 0.131

5: †��°�/�ïÄ¤Jø (2016), ‡�ø���|��'�

3.2 º���¢��©Û

c 4 gëY\Y��Ïm, U9Ç� (HG)!���²� (QD)!f�Ê9ô� (JL)!2

Ü=Û� (YL) Ú°HÀÆl (DZ) �gæ�«�SØÓ:�ÉwÍ (P <0.01), L² 5 /:L

� P 3ØÓ: �É�. 3¢Sæ�¥, =Û�ÚÀÆl�L��¬ u1�½C���«, /

¤: �É²w�P º��Ç, =Ü©: �p, Ü©�$. l P �/�w, HG!QD Ú JL �

L��¬ Fe-P ¹þ�p, Ï Fe2+/Fe3+ 3��ìYòY¥=z, é P �áN)áK���, E

¤: �m�ÉwÍ. �ëY��Ïm, �/Ø LH	, 12 �æ�«�gØÓ: þ�ÉwÍ.

e3¢S�/¥, �ëY���a'p��, Ï~ìYÏá�ÉºLK��, Ø5Æ. Ù P º

��Ç, Ø DY, Ù¦�:3 6 �Ú 8 �üg��Á�¥, Ñk�g½üg�uëY��Ï, c

Ù LH!HG!QD Ú JL �É²w. �'ïÄ�y¢, Ø´Éì��æ�/ P �È\�Çpu²

~Éì«�[55-56]. ëY5����u�æÉ�N�^, ¬ÑÑ PO3−
4

[57], E¤.� P ¹þ�ü

$. ,	, ��§Ý3 24∼28 ◦C, 8 ����§Ý�p (y|¿§P¹), �|u P �¶zÚÑÑ.

kïÄL²[58], PO3−
4 ugG§æ�!¬¤�O\ÑÑ.

3��Á�¥, uyU9Ç� (HG)!���²� (QD) Ú uf��Ê9ô� (JL), P �

º��ÇpuÙ¦«�. (Ü�ÈÔTP ¹þÚ/�w, HG!QD Ú JL L��¬¥c(Ü��

��íÓo�¹þ©O� 21%!24%Ú 27%. d 3 ?�m�´÷°�m�¥ Fe-P Ó'�p�,

Ù¥Ê9ô��p¹þ Fe-P ¬��N$Äº�¿Ö¿\YN¥, E¤M)5ÃÅ�O\[59].

(ÜCWYN�Y��¹[23-24], ��{c���í¹þ¥À°�p,  DT Ú CX �N��º
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��Ç%Øp, ��O: �p. À°CW�±à6Ñ\�Ì[60-61], íÿoNþ�ÈÔ.�

é P �º�K�k�, �ÛÜk P �º�p�:. CWYN¥, f�°�YNõc P �¹þ�

0.02 mg L−1, puU9CWYN� 1 �[23-24], íä�æ P ¬éþCYN��íßÝ�)��

�z. �²�L��¬8¥u�S÷W, ��í5uà6Ñx½��À/[25,62], ��à�9�

Ü«�Y¥��í¹þp[63-64], ëY�[��¢�L²Ù�ÈÔP º�Ç¥�, ÙéYN�U

k�½�K�.

3.3 �m�g P º��Ï�ÚÏþ���

Ï~ P º����CX, í§½Y§, � ��k'. �m��Ô3)�GÏL1Ü�^¬

áÂ��í, ÙIá��¬º���í[65-66]. kïÄL², du�Ô���ÓzáÂÚÙ�

ÜUÑx�©f, ����í3��«áNUå�u1� 2∼4 �[6], =��Ú1����, �

��«¬~�� 50% � P Ñ\. �ïÄæ�«��D�, CuÃ, �íä�/´À P . ��

�u 1 m, �/ P �Ñ\�ÑÑ¬��²ï[6]. �ïÄ��/� �ØÀE�à� (DY)� 1m,

¾ô� (ZJ) ÚÀÆl (DZ) 3 1.5m �m, Ù{Ñ3 2 m ±þ[67], õê�/eA± P ÑÑ�Ì. §

Ý�p, P �º���p, cÙ´c(Ü��ÃÅ�éÙ¯a[68] . 12 �æ�«cþ§Ø
�

à� (LH)� 9.5 ◦C, Ù{�u 10 ◦C, lÀ� (DT) m©, �u 16 ◦C, Ê9ô (JL) �:m©¿

 H, þ§Ñ�u 20 ◦C[69], Ó�U9Ç� (HG)!�� (QD) Úf�Ê9ô� (JL) � Fe-P ¹þ

p, 3 /� P É�z���¸Cz�K�wÍ. nÜ±þ	Ü�¸��L², ·I�m� P õ

ê�¹e±º��Ì. (Ü�|Ú�Yÿ��N, ÏLO�, ���m� TP �²þº�Ï

þ�L 3. Ø
YL, 12 ��:c�ügA�ØÓÁ��ëY\Y�[¢��OØ�. õê

�:�ëY��A�Ñ�uëYÏ, �Ï3þ!¥®©Û. õê P �SïÄ8¥3�Ïì

Y�à6Ú�Ñ[70-72], é'�ê�æ�ÈÔSP �ïÄuy, �m��/ P º�þ3 52∼

228 µmol m−2 d−1[66,73], ±�L 100 µmol m−2 d−1 ~�. �ïÄêâL²3�E�ìYòY

^�e, Ø
 JL Ú YL	, õê�: P º�ÇØp. m�5ìY¬/¤ P º�Ïþ�p�, cÙ

3p Fe-P ¹þ�«� (HG!QD Ú JL), ù«�/�U3p��Ñy, \þp��L8[�âÊ

è�A�[74], E¤Ù�U´�m� P Sº���. ±þ�S P �º�, ��m��É

<�Ï�K�, é�:±>à6!��!¢½üÀÑ\�	 P �/¥zÆ1��I�*	Ú

¢ÿ.

LLL 3 ���[[[¢¢¢���¥¥¥���ÈÈÈÔÔÔ TP ���²²²þþþººº���ÏÏÏþþþ

Tab. 3 Average flux of TP during the simulation experiment µmol · m−2· d−1

�:¶ n1-1-4 n1-5-10 n2-1-4 n2-5-9

LH 97.6 124.6 84.4 151.6

HG 124.6 190.1 136.8 258.7

DY 78.7 78.7 101.5 100.4

QD 113.8 139.7 116.1 190.4

YC 55.1 63.0 74.9 99.7

DT 66.1 54.2 97.6 124.6

CX 70.9 76.0 81.7 86.9

FZ 41.9 54.0 78.5 55.8

JL 157.9 155.5 166.9 203.9

ZJ 84.1 95.8 67.7 78.3

YL 152.1 130.9 77.0 85.7

DZ 52.7 50.0 52.2 53.5

5: n1-1-4, n1-5-10 ©OL« 6 �ëY\YÚ�ëY\Y��; n2-1-4, n2-5-9 K� 8 �ëY\YÚ�ëY\Y��
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�ïÄÏL©Û·I 12 �;.�m� P �¹þÚ/�, ¿é�¬Sº�\YN�o�?

1
ïÄ, �Ñ±e(J.

(1) �m�o�Ú Ca-P �¹þ��ÈÔ5�1�k'. úôaM±��m� (=aM!

þ°Â²À�!ô���í¢!ìÀ�à�ÚU9Ç�), Ø
�à�Ú���²�	, Ù P ¹

þÉ�àÚ�ôÑxÔ�K�, �kg)½��G���, �� TP ¹þp, Ca-P �Ó'��.

�à�Ú���²�Káu�é$¹þ«. o�Ú Ca-P �¹þ�$:Ñy3HÜ�2Ü=

Û�Ú°HÀÆl�m�.

(2) U9Ç�!���²�Úf�Ê9ô�Fe-P Óo�¹þ3 21%∼27%m, � 12 ��m

�¥�p, Ï Fe-P �CzÉ�u�ÈÔY.¡��z��G¹, ÙÃÅ���í�º�ºx�

p. Î�� Fe-P ¹þ$uL��¬, ��!Ê9ô�!þ°Â²À�Ú4²±ô� Fe-P �Î�

�Ý4~.

(3) ��¢�L², �[zF�NK��ëY��Ïm, üg��uyØU9Ç�!���

²�!f�Ê9ô�!°HÀÆlÚ2Ü=Û�	, Ù¦�m��gØÓ: �ÉØwÍ. U9

Ç�!���²�!f�Ê9ô� P �º��Ç�puÙ¦«�, f�Ê9ô� P �º��Ç

�p, éX�'þCYN P ¹þCz�íÿÙ�ÈÔ´�� P º�.

�� a��r¤�ïÄó�, 3æ�¥Ïå���¥I�Æ�ë�°W�ïÄ¤!��°�/�ïÄ

¤!I[°�Û1�°�ïÄ¤�� P�ÚEâ<
.

[ë � © z]

[ 1 ] PAYTAN A, MCLAUGHLIN K. The oceanic phosphorus Cycle [J]. Chemical Reviews, 2007, 107(2): 563-576.

[ 2 ] RUTTENBERG K C. The Global phosphorus cycle [M]// Holland H D, TUREKIAN K K. Treatise on Geo-

chemistry (Second Edition). Oxford: Elsevier, 2014: 499-558.

[ 3 ] SUNDARESHWAR P V, MORRIS J T. Phosphorus sorption characteristics of intertidal marsh sediments along

an estuarine salinity gradient [J]. Limnology and Oceanography, 1999, 44(7): 1693-1701.

[ 4 ] TOBIAS C R, MACKO S A, ANDERSON I C, et al. Tracking the fate of a high concentration groundwater

nitrate plume through a fringing marsh: A combined groundwater tracer and in situ isotope enrichment study

[J]. Limnology and Oceanography, 2001, 46(8): 1977-1989.

[ 5 ] ZHOU J, WU Y, KANG Q, et al. Spatial variations of carbon, nitrogen, phosphorous and sulphur in the salt

marsh sediments of the Yangtze Estuary in China [J]. Estuarine Coastal and Shelf Science, 2007, 71(1/2): 47-59.

[ 6 ] TOBIAS C R, NEUBAUER S C. Salt marsh biogeochemistry-an overview [M]// PERILLO G M E, WOLANSKI

E, CAHOON D R, et al. Coastal Wetlands: An Integrated Ecosystem Approach. Amsterdam: Elsevier, 2009:

445-492.

[ 7 ] TAMBURINI F, FOLLMI K B. Phosphorus burial in the ocean over glacial-interglacial time scales [J]. Biogeo-

sciences, 2008, 6(4): 501-513.

[ 8 ] BECK M A, SANCHEZ P A. Soil phosphorus fraction dynamics during 18 years of cultivation on a typic

paleudult [J]. Soil Science Society of America Journal, 1994, 58(5): 1424-1431.

[ 9 ] NAIR V D, REDDY K R. Phosphorus sorption and desorption in wetland soils [M]// DELAUNE R D, REDDY

K R, RICHARDSON C J, et al. Methods in Biogeochemistry of Wetlands. Madison: SSSA, 2013: 667-681.

[10] BRADFORD M E, PETERS R H. The relationship between chemically analysed phosphorus fractions and

bioavailable phosphorus [J]. Limnology and Oceanography, 1987, 32(5): 1124-1137.

[11] WILLIAMS J D H, JAQUET J, THOMAS R L. Forms of Phosphorus in the Surficial Sediments of Lake Erie

[J]. Journal of the Fisheries Board of Canada, 1976, 33(3): 413-429.

[12] SONZOGNI W C, CHAPRA S C, ARMSTRONG D E, et al. Bioavailability of Phosphorus Inputs to Lakes1 [J].

Journal of Environmental Quality, 1982, 11(4): 555-563.

[13] ûá�, ºèè, 4¯, �. �ô�â³L��ÈÔ��D�/�9)Ôk�5 [J]. �¸�ÆÆ�, 2006, 26(3): 488-494.

[14] SMITH E A, MAYFIELD C I, WONG P T S. Effects of phosphorus from apatite on development of freshwater

communities [J]. Journal of the Fisheries Board of Canada, 1977, 34(12): 2405-2409.



200 uÀ���ÆÆ�(g,�Æ�) 2019 c

[15] SMITH E A. Naturally occurring apatite as a source of orthophosphate for growth of bacteria and algae [J].

Microbial Ecology, 1977, 4(2): 105-117.

[16] SONZOGNI W C, LARSEN D P, MALUEG K W, ET AL. Use of large submerged chambers to measure sediment-

water interactions [J]. Water Research, 1977, 11(5): 461-464.

[17] YAMADA H, KAYAMA M. Distribution and dissolution of several forms of phosphorus in coastal marine sedi-

ments [J]. Oceanologica Acta, 1987, 10(3): 311-321.

[18] HOLDREN G C, ARMSTRONG D E. Factors affecting phosphorus release from intact lake sediment cores [J].

Environmental Science & Technology, 1980, 14(1): 79-87.

[19] NURNBERG G K. Prediction of Phosphorus Release Rates from Total and Reductant-Soluble Phosphorus in

Anoxic Lake Sediments [J]. Canadian Journal of Fisheries and Aquatic Sciences, 1988, 45(3): 453-462.

[20] KIM L H, CHOI E, STENSTROM M K. Sediment characteristics, phosphorus types and phosphorus release

rates between river and lake sediments [J]. Chemosphere, 2003, 50(1): 53-61.

[21] LAI D Y, LAM K C. Phosphorus sorption by sediments in a subtropical constructed wetland receiving stormwater

runoff [J]. Ecological Engineering, 2009, 35(5): 735-743.

[22] DEJONGE V N, ENGELKES M M, BAKKER J F. Bioavailability of Phosphorus in Sediments of the Western

Dutch Wadden Sea [J]. Hydrobiologia, 1993, 253(1): 151-163.

[23] ¥u<¬�ÚI�¸�oÜ. 2014 cCW°��¸�þú� [R]. �®: ��Ü, 2015.

[24] ¥u<¬�ÚI�¸�oÜ. 2015 cCW°��¸�þú� [R]. �®: ��Ü, 2016.

[25] L¹, ëd, �à{,�. �²��a��«�!�À/yG9Ä�Cz [J]. ���Æ?Ð, 2012, 33(5): 116-122.

[26] CUI J, LIU C, LI Z, et al. Long-term changes in topsoil chemical properties under centuries of cultivation after

reclamation of coastal wetlands in the Yangtze Estuary, China [J]. Soil and Tillage Research, 2012, 123: 50-60.

[27] MA Z, MELVILLE D S, LIU J, et al. Rethinking China’s new great wall [J]. Science, 2014, 346: 912-914.

[28] °X%. è1à�zÆ©Û�{ [M]. �®: ¥Ià��EÑ��, 1999.

[29] KUO S. Phosphorus [M]// SPARKS D L, PAGE A L, HELMKE P A, et al. Methods of soil analysis. Part 3

Chemical Methods. Madison: ASA and SSSA, 1996: 881-884.

[30] KESTER D R, DUEDALL I W, CONNORS D N, et al. Preparation of artificial seawater [J]. Limnology and

oceanography, 1967, 12(1): 176-179.

[31] �V=, ��á. ¥IC°Y© [M]. �®: °�Ñ��, 2005.

[32] I[�¸�ooÛ. YÚ¢Yiÿ©Û�{ [M]. �®: ¥I�¸�ÆÑ��, 2002: 243-247.

[33] MACKENZIE F T, VER L M, SABINE C L, et, al. C, N, P, S Global biogeochemical cycles and modelling of

global change [M]//WOLLAST R, MACKENZIE F T, CHOU L. Interactions of C, N, P and S Biogeochemical

Cycles and Global Change. Berlin: Springer-Verlag, 1993: 1-61.

[34] RICHEY J E. The phosphorus cycle [M]//BOLIN B, COOK R B. The Major Biogeochemical Cycles and Their

Interactions. Chichester: John Wiley and Sons, 1983: 51-56.

[35] MEYBECK M. Carbon, nitrogen, and phosphorus transport by world rivers [J]. American Journal of Science,

1982, 282: 401–450.

[36] LERMAN A, MACKENZIE F T, GARRELS R M. Modelling of geochemical cycles: Phosphorus as an example

[J]. Geological Society of America Memoir, 1975, 142: 205-217.

[37] WANG Y. The Mudflat System of China [J]. Canadian Journal of Fisheries and Aquatic Sciences, 1983, 40(s1):

160-171.

[38] MILLIMAN J D, QIN Y S, REN M E, et al. Man’s influence on the erosion and transport of sediment by Asian

rivers: The Yellow River (Huanghe) example [J]. The Journal of Geology, 1987, 95(6): 751-762.

[39] oò, Á�R, �îQ. Ð°�.�mYY�/¥zÆA�9ÙÀ/G¹ [J]. °���ê, 1982, 13(5): 414-423.

[40] �ò©, ��, xZ�,�. Ð°�Y�¸�!�E�í©ÙA: [J]. °�Æ�, 2005, 27(2): 172-176.

[41] Ù} , Ü¢´, V©·, �. U9CW°�E�íCzA�9LE�zV¹©Û [J]. U9�E�ÆÆ�, 2015, 30(1): 56-61.

[42] �,. �à!�ô!¾ô�ÈÔ¥Êè�¶Ô|Ü!zÆA�9Ù�Ô«íÿ�¸�'X [J]. °���ê, 1988, 19(4):

336-346.

[43] ?{,. ô��°W��°æ]nÜN��w [R]. �®: °�Ñ��, 1986.

[44] LIU Z, WEI H, LIU G, et al. Simulation of water exchange in Jiaozhou Bay by average residence time approach

[J]. Estuarine Coastal and Shelf Science, 2004, 61(1): 25-35.

[45] ìÀ��ÆEâ�
¬. ìÀ�°W��°æ]nÜN��w [R]. �®: ¥I�ÆEâÑ��, 1990.

[46] �V}, y7², oÆf,�. �²��ÈÔ¥��9Ù�¸�«¿Â [J]. �¸�Æ, 2006, 27(10): 1953-1962.

[47] oÆf, y7², ow, �. �²��ÈÔ¥����59Ù)Ô/¥zÆA� [J]. °���ê, 2005, 36(6): 562-571.

[48] �¡�, ù), �7), �. U9CW°���E�í©Ù9LE�zµd [J]. °��Æ, 2011, 35(9): 56-61.

[49] ��§, ��², �}a. ¾ô�L��ÈÔ¥�!��/�©ÙA�9À/µd [J]. °���ê, 2007, 38(2): 111-117.

[50] VAZQUEZ P, HOLGUIN G, PUENTE M E, et al. Phosphate-solubilizing microorganisms associated with the

rhizosphere of mangroves in a semiarid coastal lagoon [J]. Biology and Fertility of Soils, 2000, 30(5/6): 460-468.



1 4 Ï � #, �: ·IÌ��m��ÈÔ¥��¹þ!/�9º� 201

[51] FOX T R, COMERFORD N B, MCFEE W W, et al. Phosphorus and aluminum release from a spodic horizon

mediated by organic acids [J]. Soil Science Society of America Journal, 1990, 54(6): 1763-1767.

[52] HESSE P R. Phosphorus fixation in mangrove swamp muds [J]. Nature, 1962, 193(4812): 295-296.

[53] FABRY V J, SEIBEL B A, FEELY R A, et al. Impacts of ocean acidification on marine fauna and ecosystem

processes [J]. Trends in Ecology & Evolution, 2013, 28(3): 178-186.

[54] ORR J C, FABRY V J, AUMONT O, et al. Anthropogenic ocean acidification over the twenty-first century and

its impact on calcifying organisms [J]. Nature, 2005, 437(7059): 681-686.

[55] CRAFT C B, BROOME S W, SENECA E D. Nitrogen, phosphorus and organic carbon pools in natural and

transplanted marsh soils [J]. Estuaries, 1988, 11(4): 272-280.

[56] SUNDARESHWAR P V, MORRIS J T. Phosphorus sorption characteristics of intertidal marsh sediments along

an estuarine salinity gradient [J]. Limnology and Oceanography, 1999, 44(7): 1693-1701.

[57] CHILDERS D L. Fifteen years of marsh flumes: A review of marsh-water core interactions in southeastern USA

estuaries [M]// MITSCH W J. Global wetlands. Amsterdam: Elsevier Science, 1994: 277-293.

[58] LILLEBO A I, NETO J M, FLINDT M, et al. Phosphorous dynamics in a temperate intertidal estuary [J].

Estuarine Coastal and Shelf Science, 2004, 61(1): 101-109.

[59] �Yè, _ÊÞ. Ê9ô�!f�Ü°���)Ô/¥zÆïÄ: /L��ÈÔ¥�/��©Ù932]2L§¥�=z [J]. °

�Æ�, 1993, 15(6): 47-54.

[60] FaI, !�Ì. �ôà��YàM)�ÃÅ���Ïþ [J]. °�Æ�, 2002, 24(4): 34-43.

[61] 4¤, �î<, Û�, �. þ°ÀYü��Y�Y�Ú.�©Û [J]. ¥IY|Y>�ÆïÄ�Æ�, 2003, 1(4): 275-280.

[62] ê¡Å, ÙKp, �ûd, �. ��àà�«��E�íÑ£=z1�ïÄ [J]. ¥I°��ÆÆ� (g,�Æ�) g,�Æ�,

2015, 45(11): 100-108.

[63] �`õ, �ä�, �Æ�, �. �²�CW°�Y�G¹N��µd [J]. °��êÏ�, 2007(4): 93-97.

[64] ��, ?*, pk³, �. �²��L�ÚgL�°Y¥E�í�©ÙA�9LE�zïÄ [J]. �¸�ÆÆ�, 2012, 32(8):

1856-1865.

[65] LILLEBØ A I, NETO J M, FLINDT M, et al. Phosphorous dynamics in a temperate intertidal estuary [J].

Estuarine Coastal and Shelf Science, 2004, 61(1): 101-109.

[66] LILLEBØ A I, COELHO J P, FLINDT M R, et al. Spartina maritima, influence on the dynamics of the

phosphorus sedimentary cycle in a warm temperate estuary (Mondego estuary, Portugal) [J]. Hydrobiologia,

2007, 587(1): 195-204.

[67] I[°�&E¥%. 2014 �NL [M]. �®: °�Ñ��, 2013.

[68] SØNDERGAARD, MARTIN, JENSEN J P, JEPPESEN E. Role of sediment and internal loading of phosphorus

in shallow lakes [J]. Hydrobiologia, 2003, 506-509(1-3): 135-145.

[69] NOAA National Centers for Environmental information. Global summary of the year [EB/OL]. (2015-09-20)

[2018-05-25]. https://www.ncdc.noaa.gov/cdo-web.

[70] NURNBERG G K. Assessing internal phosphorus load: Problems to be solved [J]. Lake and Reservoir Manage-

ment, 2009, 25(4): 419-432.

[71] SPEARS B M, CARVALHO L, PERKINS R G, et al. Long-term variation and regulation of internal phosphorus

loading in Loch Leven [J]. Hydrobiologia, 2012, 681(1): 23-33.

[72] STEINMAN A, CHU X, OGDAHL M. Spatial and temporal variability of internal and external phosphorus loads

in Mona Lake, Michigan [J]. Aquatic Ecology, 2009, 43(1): 1-18.

[73] FEUILLETGIRARD M, GOULEAU D, BLANCHARD G F, et al. Nutrient fluxes on an intertidal mudflat in

Marennes-Oleron Bay, and influence of the emersion period [J]. Aquatic Living Resources, 1997, 10(1): 49-58.

[74] ALONGI D M. Coastal Ecosystem Processes [M]. Florida, Boca Raton: CRC Press, 1997.

(I??6: o�¬)


