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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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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

�ÈÔ5
u�/þià6Ñx, Ó��²��µ4�°�YN���¸¦ÙÊâG�ÈÔÉ

�àÑâK���[44], l
E¤ 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�é
ó��. 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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5: A1, B1 ©O� 6 �Ú 8 �ëY\Y��; A2, B2� 6 �Ú 8 ��ëY��. 1-10 ½ 1-9�{g��

ã 6 L��ÈÔTP �g
º��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, ��í5
uà6Ñx½��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 �S
ïÄ8¥3�Ïì

Y�à6Ú�Ñ[70-72], é'�ê�æ�ÈÔS
P �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 S
º��­�
. ±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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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�

�Ý
4~.

(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<
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