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�������, �
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����, �� 310012)

������1999� 8� 20~30�, �������	
����� 10 d������

�,��������� !"# 13700 km2, $%&'# 20 m �()*+,-

(DO<2 mg/L), ./,01*2#3 1 mg/L. 4−100 m�567DO2*8 3.5 mg/L�

(9*,�-:�;<:=>?3���@AB. �*+,-	, CDE,0(AOU)

� 5.8 mg/L, FG,H0# 1.59I106 t. �J�	K�LM8��NO�PQRST

UVOWX��YZ[\X]�^_`), ab�C)c/0,:()de, C)f

ghijklmno�@0pqr�st:()uv, w�()
�x��oi,x

y\X*,�-(),FG�z{|}. ~�, ��NO��� N, P ��iuQ��

����y�,FGY	C)fghi�o���������_, ������Y

	,�FG.�

���������� ��� �	
 ���

��������	
�����������. ����������� !��

"#$��%&'()*+*,-. ��.����%/012345%67
�8���

9%:;<��=���������5%->?@. A/0B6CD:E%��9FGH

IJKLMN;��D�O
�P. Q�N;����%6RS�TRS
�9UV6�W

NXQY��%Z[54, F\����]��^_%`abc. Qd^_aefgh<�

�_�ijklm6Cano3p�%, AqF<rs9%59a�ItD�u��67v

a3p�% [1]. wxyz%{|ij}~��]��p�X^_��a� (��a DO<2

mg/L)[2]. @u"����%^�5���45X->%().

�6������������6�^_��b%�����`abc����X��

�����%-�[1~6]. 90 !�Z�b�, ��6��������� ¡¢£%¤¥¦§¨

©.ª«¬¦©6��®=�bX6'¯%^_�a�, °±² 20000 km2, ³´µ+%


�9U<��¶��a�%·>?@. £]�z"uN¸X¹;%º», |¼"�½¾¿�

�b%�a��FrÀ¹;%º»[5~10].

Á£ 1980!r�zÂÃ�Ä����b��a%°6Å[11], Æu/Ç"D£��°6�

�a%bcÈÉXV6�ÊË . A"D£��%°T��abcYÌÍrN¸¹;%º».

ÎÏÐ�Ñº»ÂÒD"ÓÔ���Õ���%��aÖ7×ØN¸XÙÀ, �ÓÔ�Í

�b��a7%°6Å, Ú�bXYÛ� DO Å(DOÜ2.57 mg/L)��[11]. � 1980~1981 !D
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¢ÝiÓÔ��ÑÞ=Õ���L¯2ß�º».� 1981~1983 !%w���µàPáâD

ãäåXæçÓÔ�]�è��DOÅ%��, éêÕ� 122ë30ì,  í 30ë50ì%ÓÔ�®=,

îïðñò�−15~−50 m¹ó%��^_[12~13]. �a��%è�ôõm����ö�p�¶

��%9÷It�59�ø��ItrÊ . ùê¶��éê�ö���ñ�%�úûü¡ ,

±8ýþ��´�Q�m³´�Ý�p�T��%w�´, �Í�²	_, 	_�
OÓÔ

³´%���l, ��%_�klX	_�m^_�%ano[14]. Tian(1993)��, �ÓÔ

�]ò��%DOÅ�ê 2.86 mg/L (°TÅhO 1.96 mg/L)<ùê�5X��a���59M

�Xrs9U�p�%[15]. �Á£���Ô�]��æç��br^_�a�, mÓÔ�]

�a��Ù, Ñ��ÀT, �aÅÀ±[16]. ôõ, Æbrà�+�, ÁÇ�������ÓÔ

�]aefp�%sl�Ñ"¶��59�ø��It%()tý. @u,  º»"uN¸

!"ÂÃ.#$.

1 �������

1999 ! 8 % 20~30 &�Õ�Ä���N¸%æç'(����)*, º»->+'5P

>,%-.It.  '(Æ/0ñ12£3©0��, õ�4BÓÔ�, 5BÕ�� PN 6'

ñ1�7�8, 9Û'(: 38Û;é(< 1).

� 1 �������	
�(���� 1999 � 8 � 20~30 ���)���������

�� !"#$ 2 mg/L%&'()*+,-./01234567

�3r;é, ÁÇ=}j Sea-Bird CTD"��%¹ý�8ý��>���a?@N¸

XbAB7; |C, }j Sea-Bird w%D�EDFg|¹ý��¼Gj+N¸HI, a (Chl a)�


�8�JK�rsL(POC)�JK�rs�(PON)RM. D¼�, NO"�¼N¸û÷. }j

Whatman GF/FPQRSTU.ITE(Millipore Co.)IT�¼. Whatman GF/FPQRSTU

�IVWû÷(450XYZ 12 h), ITE}jñ�I[ HCl�\]^_L`8, j Milli-Q�

\^ab HCl, cê 50XödJ. POCÅ� PONÅ=}j CHNe,RMf (Carlo Erba Co.
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EA1106)Bg. Bg
�8%�¼� 0.45 µm%h`RSUIT, õ�i;jklm, n 1%

%�¯Ùo;p. HgCl2�qrgsB, ITj%h`RSU�TE.jklm=VWj pHÜ

2%[ HClt 12 h, jMilli-Q�\^ab HCl, u`8.�`8Ö7=jÙv�Bg[17]. j

êBgHI, a Ö7%�¼� 0.45 µm %h`RSUIT(ITItDo;L`wp.�q),

IT]xy+N¸]lz{|ß, õ�}TUcê 0~4X~�D�B. TUw%HI, aj

�����, ù���+BgHI, a%Ö7[18].

2 �	
��

2.1 ����������	
�	

DOÅ�>ý.8ý� PN6'%�Ì���< 2. ÓÔ���æç�a��ô�b�−50

m¹óû, ¹ý��ö 10 m]ö. Ù�, � 2-1;. 3-02;��, ��_éê�ö 11m¹

û, A��¹ý��ö 12 m��. �a�

%D�éêÕ� 122ë45ì. 123ë00ì�

�% í 30ë50ì®=, uû DOÅhO 1

mg/L, m 1981 ! 8 %D¢Ýiáâ3�

�%éc�ÙY�[12]. |C, ��aÅ�

�� 2.0~3.5 mg/L%��, BÕ��B�

��−100 m ¹ó®=. ùêÓÔ³´

���%(), Æ8ý��+�, �a�

%R���Æ−10 m �¹û 26�%8

ýóYÌ� 31�%8ýó , ���ý

�6. QF<������%8ýR��

_�bc. þ��´�;6��®=%±

8ý��w ���a�q�−10 m�

¹]ö¡¢X��a���%NY£[

¤, Qd8ýR�V6�klX	_�m

ö_�%no , F¡¢Xa%�Ìno .

¥], Æ�>%�ÌR�+�, �²�a

�%þ��´, ÑD_%�>� 23~25X

��, �a�%p��ôF¦>ó%(

). ��a�w_�mö_�%>ý×²

6X , æç�>%§o¨}59�©ij

oª. @u, æç�>%�ÌR_F«¶

<p��a�%·>9÷@,�Y.

¬  Ó Ô � ] � Ö a � (DO ®

2mg/L )¯ý² 55 km(�−25 m.−55 m

¹ó��), �ÑB ��� í 31°45ì

°±²X. »Ñ?@<ùêÄ�³�´µ� 2 PN �������	
�	����
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+67%��D DOÖ7�±, ÆAµ¶XÓÔ� ·%� DO�(< 3). �¸, ÓÔ�]�a

�¹�º¥B���m»ÔD¡��%��a�¼Ý(< 1). ÓÔ�%��a�Óý¨²

250 km. 3], ùu~�uû��a�'¯O 13700 km2, µ=½ýO 20m, ¾¿Õ���

DO<3 mg/L� 3.5 mg/L%����RÀ>Ùwx 13700 km2%��6 5Á. 10Á(< 1). ÓÔ

´�'¯ 1.8Â106 km2,  !´;Õ�%³´7² 9.32Â1011 m3, L¯9² 4.68Â108 t/a, u`

8O 6.3Â106 t/a, �`8O 0.13Â106 t/a, Ã`8O 20.4Â106 t/a[19] , Aq=!+, _Ã`8],

-;7Ä6[20]. Q�@Å>Ù¢£Æ��Ù�±~�[2]. @uÓÔ���a�|���� 

¡��%°6�a�(¦Æ��Ù�()45)r3g|. 1985~1992 ! ��������a

���O 8000~9000 km2. 1993~1999!² 16000~20000 km2, Ñ��Ç6ÈÉÊR�ô, Aq

m³´7%��ÆË�Ê. @u, ÓÔ�]%���a��¨GFÌ³´7%��A�5�

�. |¼, æç����Ô�]��Fr^_�a�, Ñ·>ÍÎ<æç³´}��]��_

�, Ï�^_vag��Ð[16].

	 1<]1º». º»�Ñ%°TDOÅ%@Å, Òõg|%º»¨GDjg|%Bg

� 3 ���� C1 
 C2 ���������
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��, �ÆD
¨]��°T DOÅ�g6�T. mu|C, = 20!+, ÓÔ´�-;ÓÔ�

% N, P ��9F§oX= 2 Á, 	
��oÓ[20]. @u, ÓÔ�]��%#$U7�g6Ô

�.

� 1 �����������������

���� ���	
 ���/mg�L−1 ���

1959 � 8 � 19 � 123�00�E, 31�30�N 2.57 ���, 1980 �[11]

1981 � 8 � 123�00�E, 30�50�N 2.00 Limeburner �, 1983 �[12]

1982 � 8 � 122�30�E, 31�15�N 2.85 ����, 1988 �[13]

1988 � 8 � 123�00�E, 30�50�N 1.96 Tian �,1993 �[14]

1999 � 8 � 24 � 122�59�E, 30�51�N 1.00 ��

2.2 ���������

��������	 Redfield
������(AOU)���[21]:

2 2

s
O O=AOU c c− .

2

s
Oc �� 101.325 kPa����, ��� 100%��� O2����,

2Oc ������� O2� 

�.

Justic!"#$%&'()*+�,-./012, 34516$�7� �89:�;

(, <=>?@[22~23]. ABCD�	 AOU�EF5GH����. I 5-5, 3-01+ 3-4J&K

LMN�'� AOUOPQ>� 2R. SRCD��TUVWXY�Z[�\�'�Z[�\Z

]^_`(TWC)abcd� AOUO. ef, � 2R� AOUOgMhijklmn�����,

<CD��oepq�rGH. st DOu2 mg/L[��\�vwxy(13700 km2)z{�(20

m), CDGH�|\}����~ 1.59�106 t. N9, CD���"�MN�������M

N�(AOU OMN). ��, |\}�'������e������(�����). A��>

�'�7���pq���z�������=���	?�. VWXY�R������

��>��������z�������$�������	��  , �IR'��R ,

� DOO���(TWC)�[ DOO���¡�¢£�¤¥|¦���3§���¨©.

� 2 �������	�
��(AOU)�

��
s
O2

c /mg�L−1
O2

c /mg�L−1 AOU/mg�L−1

����� 7.32 4.87 2.45

�	
��� 7.21 5.49 1.72

�	
� 7.04 1.23 5.81

���� 6.64 4.27 2.37

2.3 ��������	
�

����, ����	
��, Chl a�����(� 4), �������������

� !, "# 2-1$%#� POC&' PON&()�* 346.4 µg/L+ 76.6 µg/L. 3-01$%#,

-�.���/� POC&' PON&0�, 123�4��56�789:��0;. �<=

>?@A%B
��� POC * 226.2 µg/L, CDEFGH�IJKLMN[24]. �IJ�OP

Q����. RSTUV��WX, YWX����Z[6\+���]�^_[25].
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� 4 PN �������	
(DO)��� a(Chl a)�POC � PON �����
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� POC `a�Sb�-cde9fg5, hi-jkBl-, �m�9en, ��`a

� POCSTop, ���qr, a��stWX, �ua��stYWXB 5.0 mg/Lvw, x

Byz+,-a��stjkopB?�, {|}�~�[13]. h��~��e�}�~��

fg5��6�����6�789:e9[26], ��q�����69�����[27]:

(CH2O)106(NH3)16H3PO4+138O2→106CO2+16HNO3+H3PO4+122H2O

��, ��6 16 mol/L���+ 1 mol/L����q� 138 mol/L�. ��, 2����

�����'M��6��9��

� �������� UV¡¢

st�e9MN. � 51 PN£¤�

��+����(¥. �¦§¨¨

©ª«�¬�O������®

¯�0���°, ±)1� 5-5 $

���*B 18.27 µmol/L, °²

17.59 µmol/L, ³h 5-5$B���

´��µ¶·¸�O 2-1 $u3-01

$+ 3-02$a�������()

� 16.31, 11.29, 12.98 + 13.44

µmol/L, ¹º»2�B�¼�½¾

wL¿À, ��������Á¹

ÂÃ�Ä. �Å��������

ÆÇ¦§EÈ��É���³ÊÃ

ËÌ, a��L�Á123���

��6ÍÎ. ������e9�

º�ÏÐ��Ñ, 	¦§¨ 5-5 $

��®¯0�¸, ?� 0.84 µmol/L,

µ¶·¸�O 2-1$u3-01$+ 3-02

$����ÆÇG�ÒÅ�e<Ê

ÃÄ�, ?�Ó� 0.09 µmol/L, �

Å��������ÔÕÖ������q�×Ø, ³a�������ÁÊÃL�, ?�

ÙÚ*B 1.35 µmol/L, ��»���Û;��6ÜÝ, DÞ�ÅUV�������6q�


<t��, h³ÍÎ���.  ���ßà, ����������a�e9Pá�Ñ�â

��Ü1 ����6ãäq�MN. å¸, æ¦§¨¸���UV��6tv'a�çè

���Ãé, êëì�íîï5.

3 ��

,-¦§¨ðñEÈ�'òóôñwK�õD������{|;ö�÷u���, h³

�
��.�� a��øù, 2¦§STú¨�Wt���UV�, "#�	
¦§¨

���µ¶·�OZ[6\ÝÛ<7û�, �º��������üý¢ a, POC+ PON�

� 5 PN �����(NO3
−)����(PO4

3−)	
��
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���st. ,-�÷�L�uþ��M����a��O�9:+6��9��ÍÎUV�

�a���6¼<tq�
�a��, ³�����, "a������. 	íî�
���,

��.��, AOU&� 5~8 mg/L, s�t?�&*B 1 mg/L, ����t* 1.59�106 t, ¤

è* 13700 km2.  ����à0, �����st¹ºÅ��Ä¿À, C ¦§« 20�!S

Tú¨UV�<�WXMN, ��»¦§ú¨�UV9�X�.

�ï, ¦§ú¨¸������Q���æ4�Oa�6����Ú�G=>��6�

���6�789:�~\60<� , ��, !"�#æ�$%�&+'()¤7íî.

�� ��������	�
����� CTD���� a ���. �������

���� !"#$$%�$&'()* !"#+,-�./012.

� � � �

1 Turner R E, Rabalais N N. Coastal eutrophication near the Mississippi river delta. Nature, 1994, 168: 619~621

2 Rabalais N N, Turner R E, Justic D, et al. Characterization of Hypoxia, Topic I Report for the Integrated Assessment on

Hypoxia in the Gulf of Mexico. NOAA Coastal Ocean Program. Decision Analysis Series, Silver Spring, 1999, (15): 3~4

3 Diaz R J, Rosenberg R. Marine benthic hypoxia: A review of its ecological effects and the behavioural responses of benthic

macrofauna. Oceanography and Marine Biology: an Annual Review, 1995, 33: 245~303

4 Wishner K, Levin L, Gowing M, et al. Involvement of the eastern tropical Pacific oxygen minimum zone in benthic zonation

on a deep seamount. Nature, 1990, 346: 57~59

5 Morrison J M, Codispoti L A, Smith S L,et al. The oxygen minimum zone in the Arabian Sea during 1995. Deep-Sea Research

II, 1999, 46: 1903~1931

6 Lamont P A, Gage J D. Morphological responses of macrobenthic polychaetes to low oxygen on the Oman continental slope,

NW Arabian Sea. Deep-Sea Research II, 2000, 47: 9~24

7 Rabalais N N, Wiseman W J Jr, Turner R E. Comparison of continuous records of near-bottom dissolved oxygen from the

hypoxia zone along the Louisiana coast. Estuaries, 1994, 17: 850~861

8 Rabalais N N, Turner R E, Justic D, et al. Nutrient changes in the Mississippi River and system responses on the adjacent

continental shelf. Estuaries, 1996, 19: 386~407

9 Schulte S, Rostek F, Bard E, et al. Variations of oxygen-minimum and primary productivity recorded in sediments of the

Arabian Sea. Earth and Planetary Science Letters, 1999, 173: 205~221

10 Keil R G, Cowie G L. Organic matter preservation through the oxygen-deficient zone of the NE Arabian Sea as discerned by

organic carbon: mineral surface area ratios. Marine Geology, 1999, 161: 13~22

11 ���. ����	
�������. ����, 1980, (2): 70~79

12 Limeburner R, Beardsley R C, Zhao J. Water Masses and Circulation in the East China Sea. Proceedings of International

symposium on sedimentation on the continental shelf, with special reference to the East China Sea, April 12-16, 1983,

Hangzhou, China, Vol. 1. Beijing: China Ocean Press, 1983. 285~294

13 ���, ���, ���. ���� !�"#$%&'(�). ��: ��*+,-., 1988. 114~116

14 Beardsley R C, Limeburner R, Yu H, et al. Discharge of the Changjiang (Yangtze River) into the East China Sea. Continental

Shelf Research, 1985, 4(1/2): 57~76

15 Tian R C, Hu F X, Martin J M. Summer nutrient fronts in the Changjiang (Yangtze River) Estuary. Estuarine, Coastal and

Shelf Science, 1993, 37: 27-41

16 /01. 23456�78	9:�;<�=. >?�@'(ABCD. >E: >?*�,-., 1992. 10~16

17 Zhang J, Yu Z G, Liu S M, et al. Nutrient element dynamics of three North China estuaries: Luanhe, Shuangtaizihe and



694 � � � � (D �) � 32 �

Yalujiang. Estuaries, 1997, 20: 110~123

18 Parsons T R, Maita Y, Lalli C M. A Manual of Chemical and Biological Methods for Seawater Analysis. Pergamon Press,

1984. 173

19 � F, GHI, JKL, M. N5OPQRSTUVWD. XY: *�,-., 1989. 157

20 Zhang J, Zhang Z F, Liu S M, et al. Human impacts on the large world rivers: Would the Changjiang (Yangtze River) be an

illustration? Global Biogeochemical Cycles, 1999, 13: 1099~1105

21 Riley J P, Skirrow G. Chemical Oceanography, vol. 2. 2nd Edition. London: Academic Press, 1975. 705

22 JusticZD, Rabalais N N, Turner R E. Effects of climate change on hypoxia in coastal waters: A doubled CO2 scenario for the

northern Gulf of Mexico. Limnology and Oceanography, 1996, 41: 992~1003

23 JusticZD, Rabalais N N, Turner R E. Impacts of climate change on net productivity of coastal waters: Implications for carbon

budget and hypoxia. Climate Research, 1997, 8: 225~237

24 [\], ^_`, aIb. ?�[cdefgh�3ijk!lmno�pq. ����, 1996, 18: 41~51

25 �rs, Wiesner M G, Wong, H K, M. t�uvwxy�
zjk{|}~������l. ��*�, D�, 1999,

29(4): 372~378

26 Richard F A. Anoxic basins and fjords. In: Riley J P, Skirrow G, eds. Chemical Oceanography, vol.1. London: Academic Press,

1965. 611~645

27 Redfiel AC, Ketchum B H, Richard FA. The influence of organisms on the composition of seawater. In: Hill M N, ed., The

Sea. Ideas and observations on progress in the study of seas. vol. 2. The composition of sea-water. Comparative and

descriptive oceanography. New York: Interscience, 1963. 26~77


