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Abstract: Sulfur and phosphorus are important elements in the geochemical cycle. Both

their environmental behavior and their coupled relationship are intertwined to regulate the

release of endogenous pollution from sediment in polluted rivers and lakes. This paper

summarizes the environmental behavior of sulfur and phosphorous as well as the latest

research progress on their coupling mechanisms. The study also notes that sulfur-driven

eutrophication is an important type of water eutrophication in polluted rivers and lakes.

Lastly, we discuss future perspectives on related research in terms of coupled S-cycling with

other biogeochemical cycles, which can provide referential significance for the treatment of

endogenous pollution in polluted rivers and lakes.
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�´ÚåYNLE�z�'���5Ï�[1]. 1��Y�/¥zÆÌ��­�)
�

�, Ù�¸1���K�X�ÈÔ—Y.¡��z���©Ù, 
�13�ÈÔ¥�¹þ 

 pu�E�í 1—2 �êþ?[2]. Cc5'uS
1K��E�í�¸1��ïÄFÃÉ

�­À, ¿k�
ïÄöJÑ
“1°ÄLE�z (Sulfur-driven Eutrophication)”�Vg[3-4],

â»
DÚéLE�z�@£, éuk���YNLE�z�u)Jø
Ï#�À�. Ïd,

S
1XÛK�À/à��E�í�[£=z´����&?��Æ¯K.

,
, 8c'uS
1K��E�í�¸1��ïÄÌ��9°�[5-6]!à�°

W[7-9]!�/[10-11]±9�Ñ�ÈÔ[12-14], ��Ü©´éØÓ)¸e1��G!5©ÙA�

�ïÄ, éÀ/à�¥1���ÍÜ�^Å��ïÄé�.

�©XÚo(
S
1!�3�ÈÔ¥�D�/�±9�¸1�, ­:é1°ÄLE

�z�Å�?1
©Û, ±ÏéÀ/à��ÈÔ�£nÚLE�z���Jøë�.

1 S
1��¸1�ïÄ

�ÈÔ¥�1�©�ÃÅ1ÚkÅ1. ÃÅ1��3/ªÌ�´1�í!1zÔÚü

�1, Ù¥1zÔ±���u51 (AVS)!�c¶1�Ì[15]. kÅ1K�)|1Ú%�1.

�c¶1ÚkÅ1´Ì��1�È/ª.

À/à���ÈÔÊH¥y"����, 1zÔ�õ± H2S ½ S2− �/��3. du

c3�ÈÔ¥�¹þ'Ù¦­7á�¹þpÑ��êþ?, ¤±�'u AVS, SO2−
4 ¬`k

���/¤ FeS, ¿�ü�1?�Ú(Ü/¤�c¶��3�ÈÔ¥. ��ÈÔ¥L¹kÅ

�!"y�í�¹5c¹þ�$Øv±�DM)��1zÔ�, ¬/¤kÅ1. kÅ1Ì�

ÏL1�íÓz��ÚkÅ�1zü«´»/¤[16].

��ÈÔ�z��^�UC�, ØÓ/��1�m�±�p=z, ù
L§  I�

���)Ô���5¢y, ã 1 o(
À/à�S
1�)Ô/¥zÆÌ�L§, Ì��)

1�íÉz��!Óz��Ú)Ô�z 3 �L§. 1�íÉz��L§ (Microbial sulfate

reduction, MSR) ´1�í3�)Ôë�e���¤$d�1zÔ, ¿��Xc1zÔ9Ù

¦�þ7á1zÔÚkÅ1�/¤, ´�ÈÔ¥kÅ�¶z�Ì�´», �´1Ì��m©,

Ì�u)3�ÈÔ�L�[17]. 1�íÓz��L§K´1�í3�)Ô��^e�=z�

)ÔkÅ1�L§, 
)Ô�zL§´1zÔ3Ð�1\ÿ��^e��z�ü�1Ú1

�í�L§.

�c'uÀ/à�S
1��¸1�ïÄÌ��éS
1���©ÙA�[18-19]±9S


1�c½��m��p�^'X[20-22]. ~XÁÛð�uy���ÈÔ¥��51¹þg

GwÍpuSG, �à>«�ÈÔ¥��51ÚkÅ1þ²wpu�à>«[18]; ���uy

Û
��ÈÔ¥��5ÃÅ1Ì�±�c¶1�/��3, �Ù���Çp[19]; ãÊ�Ú

Julian �ÏLé�ÈÔÎ�¥ØÓ/�cÚ1��m©Ù?1©Û, uykÅ%���å»

�31�íÉz��ÚcÉz���¿�[20-21]; Zhu �&?
1��Ì��m�U�31

�í���í���^�¿�'X[22]. ,	, éuçÏà�1��¸1�Ì�l�ç�Ï�

�Ý?1©Û. ~X�� uyØÓY�^�e/¤�çÏYN, Ù�ÏÔ�Ì�´ H2S Ú

`1U[23]. 8c'uçÏ�/¤Ånÿ�?�ÚïÄ.
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�1�¸1����'��)ÔÌ�´1�í��ÿ (�) SRP Ú SRB) Ú1�zÿ

(Sulfur-oxidizing prokaryotes, SOP). 8c®kïÄuy SRP ÿ+´1�í°Ä�`���

�zL§ (AMO) �'�ÿ+[24], ù�L§2�©Ùu�Y��¸¥[25]. 'u SOP �õ�

5Ú�¸©Ù�ïÄ�,k�, � Loy uy
�«�=¹Ézæ1���s�±��w5

�Y�Ñ¥ SOP �IPÄÏ[26].

AVS
S

FeS

SO4
2

H2S

FeS2

ã 1 À/à�¥S
1Ì�Ì�L§«¿ã

Fig. 1 Schematic representation of S-transformation pathways during sulfur cycling at the

sediment-overlying water interface

2 S
���¸1�ïÄ

�ÈÔ¥��º�då��/�¥�|©¤Ó'~���'. �c2�A^u�ÈÔ

¥�/��J��{�Hedley ©?J�{ÚIOÿÁ§S (SMT). d Tiessen ?�� Hedley

©?J�{ò�/�©�ä���� (Resin-P)!NaHCO3J��� (NaHCO3-P)!NaOH

J���(NaOH-P)!D HCl J��� (D.HCl-P)!ß HCl J��� (C.HCl-P)±9íU�

� (Residual-P) � 6 «�/�, T�{®²¤�8cA^��2�� Hedley��©?U?�

{. SMT �J�L§�é{ü, ÙJ��{ò�/�©�o� (TP)!ÃÅ� (IP)!W(Ü

�� (HCl-P)!kÅ�(OP) ±9c/¾(Ü�� (NaOH-P). T�{duJ�Ú½�é{ü,

��2�A^u�ÈÔ¥o��ÿ½.

�céS
��ïÄÌ�8¥3é�ÈÔ¥����©ÙA��©Û[27], 3�


�ÈÔº�î­�Y�, �¬é��º�ÏþÚdå?1µd[28-29]. ~XH���æ^

SMT é�à6�L��ÈÔ?1�/��J�Úÿ½, uy�/���m¥y�Ð��'

5[27]; Zhu �^ Hedley ëYJ�{uyÍíþUk�N�çÏà��ÈÔ¥ NaHCO3-P Ú

NaOH-P �º�[28]; �¹L�uyù¶��ÈÔS
�º�Ïþp, éYN�À/��zÇ

p� 46%[29]. 8c'u�ÈÔ¥��Ù¦zÆ��ÍÜ�Ån&Ä���, I?�Ú�ïÄ

Ö¿.

3 S
1é�E�í�¸1��K��^

S
1¤K���/�Ì�´ÃÅ�¥� Fe-P ÚkÅ�[30-36]. MSR L§�)���

�1zÔ¬�c�zÔu)�z���A, c�zÔM)��XáN����íº�, ��
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ÈÔ¥�c�A�Ñäk¹5, ���¸eA��Ü�±º�Ñ5[31], ´��YNLE�z

�­��/�[32-33]. Ó� MSR L§�¬rzkÅ��¶z, ùÜ©�º��þCY�´�

>a|^[28], E¤Yuy�, éLE�z��zpuÃÅ�[37].

8c'u1°Ä��º�®3Y¥[47]!�Ñ[29,38-39]!à�[40]!�/[41]¥�±ïÄ.

L 1 o(
8c'u1°Ä��º���'ïÄ. d	, �k�
ïÄL²[41-46], �¢�Y

N¥Ý\1�í, ¬ÚåþCY�E�í�,p, E¤YNLE�z. ~X Myrbo �©O?

1
¢�¿�ÁÚy|ÿ½, Ñuy��ÈÔ¥Ý\1�í¬¦mYYÚþCY��¹þ

þ,[41]; Geurts �é¢�����/Ý\1�íuymYY�Ú1zÔÑÑyØÓ§Ý�

,p[42]; Lamers �31�íÀ/�YN¥uy��ÈÔ¥c¹þ�p�, þCY�¹þ²

wþ,[43]. Ïd, éuÀ/à��¸¥1°Ä��º�Úå�LE�z´��­À��¸

¯K.

LLL 1 SSS
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Tab. 1 Study on the coupling of endogenous sulfur and phosphorus
)¸ ïÄ«� 1���'X

Y¥ A-ha reservoir[47] ò1��µdÏf(Fe/S')B\�ÈÔº�dåµdNX

�Ñ

ù¶�[29] MSR�cÉz��L§Úåc�º�

8³[38] MSRr?�FeOOH���¦c�º�

��[39] MSR°ÄkÅ��©)¦�º�

Linsley Pond(9©��Ñ)[13] 11Ü[ÿ¬{NmYY¥���þCY[£

à� K. obovata forest[40] MSRÚåc�º�

<ó�/ Wetland mesocosms($1�¸)[41] MSRE�°ÄkÅ�¶zÚå�º�

1°Ä��º���AÅ��l�z�1Ú���1ü�¡?Ø. �z�1é�º���

^Å��8(� 3 «: Ônº�, zÆº�Ú)Ôº�. ã 2 o(
1°Ä�º��U�ÍÜ

'X.

Ônº��Å�� PO3−
4 éáN: �¿�: � z�� 1 g SO2−

4 ¬)¤ 1.042 g wÝ, pH

��,p¬¦ OH−�PO3−
4 u)áN: �¿�, Úu��º�; � ïÄuyc��ÿÚ SRB

ÿ3��¸e¬Ó��3, =Ó�u)¶z(úª 1), c�zÔ���� FeS
x
, ü$
YN�

Fe/P ', ��c� (FeOOH-PO4 zÜÔ) ¥����áN: , º�?\þCY[48].

zÆº�Ì�´ÏLkÅ�¶zÚc�zÔ��z��ü�L§¢y: � MSR L§Or


kÅ��¶z(úª 2 Ú 3), º���Ú�dc, z�� 1 g SO2−
4 ¬)¤ 0.02 g HPO2−

4 , z��

1 g Fe2O3)¤ 2.9 mg H3PO4, Ø=\ì
YNLE�z[41], �k­7áÀ/�ºx, g,G�

e1����A��E,, Ùº�þ�¬��Cz; � MSR L§º�� H2S ´r��J, �±

l��c (FePO4) ¥����í, ���k�dc�º� (2Fe3++HS−

→2Fe2++S0+H+)[49].

2FeOOH + 6CH2O + 3SO2−
4 → 6HCO−

3 + FeS + FeS2 + 4H2O. (1)

(CH2O)106(NH3)16H3PO4 + 53SO2−
4 + 14H+

→106HCO−

3 + 16NH+
4 + HPO2−

4 + 53H2S. (2)

(CH2O)106(NH3)16H3PO4 + 212Fe2O3 + 848H+

→424Fe2+ + 106CO2 + 16NH3 + H3PO4 + 530H2. (3)
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)Ôº�KÌ�K��º�L§k'��)Ô: MSR L§���ÈÔ¥�z��> 

(Eh) ü$, E¤
�k|uº����^�, Or
��ÿ�¹5, \�
kÅ��©); º�

ÿ�¬3��^�eò;��õà��í=z���íº�; 2i)Ô���)��s±Y)

kÅ�¿º�ÃÅ��í[33].

HPO4
2

SO4
2

PO4
3

FeSx

H2S

PO4
3

PO4
3

OH-

ã 2 À/à�¥S
1���U�ÍÜ'Xã

Fig. 2 Possible coupling of endogenous sulfur and phosphorus in polluted rivers and lake

���1zÔ��3/ª� pH �k��'X, �X pH ��,p, 1zÔ�g± H2S,

HS−, S2−�/��3, �ÑU�¹5cu)�z���A, il� S2− ´�c�zÔ(Ü)¤

�­½��c¶, ù�L§¬¦ FePO4 Ú FeOOH-PO4 �7á(Ü��º�, ¿¦(¬�7á

�ÃÅ�=C(X FeS
x
), /¤S
À/. ��1zÔ¹þ�u 1 700 mg/kg�, Lþ�1zÔ

¬¦�ÈÔ�¸Ä�?uÃ)ÔG�, ~�
Ï)Ô6Ä
�)�Y6½�í6, �r?
�

�)Û[50]. Ïd, 1°Ä��º�´��E,�)zL§, ���º�/ªØü�, ��´±

HPO2−
4 !H2PO−

4 Ú PO3−
4 äÜÔ�/ªº�. �
¢yÀ/à�£n¥��k���, Ò7L

�Ä1éÙ�K��^.

4 (Ø�Ð"

1´���ÈÔ¥�z��NX�­�����, ØÓ/�1�m��p=zL§��È

Ô¥���¸1����', ¿3�½§ÝþK�Ù)Ôk�5Ú¹5. Ïd, &ÄS
1é�

E�í�K�Å��±�£nYNLE�zJø#�À�Úg´.

31Ì�� 3 �)zL§¥, MSR L§���º����'. õêÀ/î­�à��È

Ô—Y.¡Ñ�3"��«, Eh �$, ·u SRB �O�, SRB Or
 MSR ÚkÅ��¶zL

§, r?��º�, Ó�, �)Ô�O�q?�Ú\r
�ÈÔ���^�, /¤�5Ì�. 8c

�'ïÄ==lÚåþCY�¹þO\5©Û1°Ä��º�L§, �ö�m��p�^Å�

ÿØ²(, 
�º��ùÜ©�´Ä�±r?>a�)��I?�Ú&Ä. ,	, 1���ÍÜ

Ø´�á��pK�, ��Ù¦'�)
���Ì��Ø�©(X%!�ÚcÌ��), 38��

�'ïÄ¥ÑAT��­À.
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