
第 18 卷第 1 期

1997 年 1 月

环　　境　　科　　学

ENVIRONM ENTA L SCIENCE

Vol. 18, No. 1

Jan. , 1997

　* 获 1995年国家自然科学奖三等奖
收稿日期: 1996-04-29

东湖生态学研究慨况*

刘建康　黄祥飞

(中国科学院水生生物研究所,武汉　430072)

摘要　以长江中下游流域具代表性的武汉东湖为基地对其生态学进行了长期的观测和系统研究. 详细地阐述了

氮、磷在水体中分布、转移及积累,浮游植物的演替,浮游植物初级生产力及其对鱼产潜力的估算,浮游动物现存量

和生产量,有机碎屑在生态系统中的功能和鱼类放养对生态系统的下行效应等.
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　　长江中下游浅水湖泊是我国特有的、极其

宝贵的淡水资源库, 由于这些水体位于亚热带

北缘, 光、热、雨量充沛,饵料生物丰富,具有很

高的水体生物生产力,历来是我国重要的淡水

渔业基地.然而,在利用湖泊的同时, 常对湖泊

生态系统的脆弱性估计不足, 由于资源的过度

开发以及湖滨人口增长等多种原因, 致使生态

平衡受到破坏,限制了水体综合功能的发挥.东

湖生态学研究依据本学科发展趋势, 紧密结合

我国国情并吸收国际联合研究中获得的研究成

果,从个体、种群、群落和生态系统的各个层次

进行长期定位观测和系统研究.

东湖生态学研究最早可追溯到 50年代的

水生生物学综合调查, 60年代的浅水湖泊生物

生产力研究, 70年代的渔业增产试验和生物生

产力研究[ 4] , 80年代的生态系统结构、功能和

生物生产力研究等.

1　东湖主要营养元素氮、磷的收支及积累

1979年- 1980年,通过现场观测和实验室

分析宏观地估算了东湖氮、磷的输入和输出[ 5] .

结果表明: 东湖氮的总输入量为 536. 3t / a, 单

位面积总负荷量为 19. 22g/ ( m
2
·a) ;磷的总输

入量为 87. 8t / a, 单位面积总负荷量为 3. 15g/

( m
2·a) . 氮、磷输入的主要来源为生活污水和

工业 废水, 分别占总 输入量 的 59. 2%和

74. 7% .氮、磷的总输出量分别为 323. 2t / a 和

67. 7t / a, 有 39. 7%的氮和 22. 9%的磷积累于

水体中.

2　浮游植物群落结构的演替规律

50 年代东湖大型水生植物覆盖率达 70%

以 上, 水 质 清 新, 金 藻 门 如 棕 鞭 藻

( Ochromonas)、锥囊藻( Dinobryon)和单鞭金藻

( Chromulina) ;硅藻门如:窗纹藻( Ep ithemia)、

异极藻( Gomphonema)、直链硅藻( Melosira)、

小环藻( Cyclotel la)出现率在 47. 9%- 85. 7%

之间(其中直链硅藻为 29. 1%) , 年平均变幅为

50- 1000 ind·ml
- 1

,优势种的数量也只有 35

ind·ml
- 1

. 60年代, 浮游植物优势种发生明显

变化, 蓝藻门的微囊藻( Microcy st is)、鱼腥藻

( A nabaena)、绿藻门的栅藻( Scenedesmus)等数

量逐渐上升,硅藻门的直链硅藻的出现率提高

到 52. 8% - 83. 3%.藻类的年数量平均变幅由

50年代的 50 ind·m l
- 1- 1000 ind·m l

- 1提高

到 200 ind·ml
- 1

- 2000 ind·ml
- 1

, 优势种群

的数量达 729 ind· ml
- 1

. 70 年代平裂藻

( Mer ismop edia) 出现率由 1962 - 1963 年的

35. 4%提高到 61. 1% .浮游植物数量的年变幅

为 500 ind·ml
- 1

- 5000 ind·ml
- 1

.

80 年代中期开始, 浮游植物小型化加速,

群体藻类如微囊藻、鱼腥藻数量显著下降,大小



仅为几微米的微型藻如隐藻( Cryp tomonas)、蓝

隐藻 ( Chroomonas )出现率由 20% - 30%上升

至 80% - 90%,数量激增, 由32 ind·ml
- 1
增加

到 2889 ind·m l- 1. 此外, 小环藻( Cyclotella)、

针杆藻( Synedra)等数量亦有增加. 小型颤藻

( Oscil latoria tenuis)、中华尖头藻( Raphidiop sis

sinensis )等在 50- 70 年代并未发现. 80 年代

起,逐年增加至 1986年成为优势种. 浮游植物

不但体型变小, 而且数量大幅度增加, 从 1956

- 1957 年的约 1000 ind·ml
- 1
至 1986年增为

35000 ind·ml
- 1,几乎每年增加 1倍.

在浮游植物数量大幅度增加的同时,多样

性则随之下降.以代表性较强的湖中心来说,浮

游植物多样性指数由 1956年的 3. 41至 1986

年下降为 2. 26 [ 3, 7] .

3　浮游植物初级生产力及其对鱼产潜力的估算

60年代初,在我国率先用黑白瓶测氧法测

定了东湖浮游植物初级生产力 [ 1] , 并对 3种不

同类型的湖区: 藻型湖区、草型湖区、草-藻过渡

型湖区的生产力进行了比较研究,结果表明以

藻型湖区浮游植物生产量 (干重) 最高, 达

1306. 5 g ·m
- 3· a

- 1 ; 草型湖区最低, 仅为

228. 6 g·m
- 3
·a

- 1
,草-藻过渡型湖区居中,为

527. 1 g·m
- 3·a

- 1.

藻型湖区(郭郑湖)近 30年浮游植物全年

最高水柱日产量( PGa)的逐年( T y )变化规律为:

P Ga= 4. 532+ 0. 243 T y

草型湖区(汤林湖)水草生物量( Bm)与浮

游植物全年最高水柱日产量( P Ga)之间的关系

为:

PGa = 4. 277- 0. 012 B m

同时根据浮游植物初级生产量求得对鲢、

鳙的供饵能力,并通过浮游植物对鲢、鳙的转化

效率的计算,估算出东湖鲢、鳙的生产潜力,进

而求得鲢、鳙的合理投放量.计算结果东湖浮游

植物全年对鲢、鳙供饵能力为 6×10
7

kg 以上,

由此估算出东湖鲢鳙的生产潜力为 789kg / hm
2

以上
[ 1, 2]

.

4　浮游动物现存量和生产量

应用直接称重法获得了东湖优势浮游动物

不同体长组的体重并用统计方法获得了体长-

体重回归方程
[ 8]

. 采用室内外相结合的方法测

定了东湖优势浮游动物在不同培养温度下的不

同发育阶段的发育时间,结合野外种群统计资

料测算它们的生产量. 结果表明 80年代东湖原

生动物、轮虫、枝角类和桡足类的生产量(干重)

分别为 16. 50、9. 60、14. 51、5. 87 g·m - 3·

a
- 1

, 浮游动物的总生产量为 46. 48 g·m
- 3

.

a- 1[ 3, 9]
.

随着环境的变迁, 30年来东湖浮游动物群

落结构发生了明显变化. 60年代至 80年代中,

枝角类中透明氵蚤( Daphnia hyalina)和隆线氵蚤

一亚种( D . car inata ssp. )是绝对优势种群,最

高密度可达 169 ind·L
- 1

. 80 年代中期以来,

这二种优势枝角类的种群密度日益减少,至 90

年代已趋于绝迹.在种群密度减少的同时,体型

小型化也极明显. 透明氵蚤在 1980年的平均体

长为 1. 22mm , 至 1988年缩小为 0. 65m m. 以

东湖 3种优势枝角类为例, 分析了它们的平均

体长( Y , m m)与时间( X )的回归关系:

透明氵蚤: Y= 142. 18- 0. 07117 X

隆线氵蚤一亚种: Y= 122. 23- 0. 06107 X

短尾秀体氵蚤: Y= 61. 56- 0. 03067 X

小型浮游动物数量的增加十分明显.如原

生动物由 60年代的每升几千个增长为几万个.

高 r m种群取代低 rm 种群是东湖浮游动物

演替的显著特点, rm 是种群的内禀增长力( in-

trinsic rate of increase) , 它的大小取决于生殖

能力、寿命和发育速度等. 高 r m 值的种群增殖

速度快,以高的出生率弥补高的死亡率,在异源

演替强烈的生境中能适应环境的激烈变动.通

过实验室培养获得了在 35℃, 短尾秀体氵蚤 ( Di-

ap hanosoma brachyurum)和隆线氵蚤一亚种的

rm 值分别为 0. 94和 0. 65. 自 80 年代以来 r m

值较低的隆线氵蚤一亚种为高 rm 的短尾秀体氵蚤

逐渐取代,后者已成为目前东湖的夏秋季第一

优势枝角类
[ 10 ]

.
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5　有机碎屑在生态系统中的功能

有机碎屑( Organic det ritus)是生态系统中

的一类能源物质. 它是死亡后有机体形成的颗

粒有机物与微生物紧密结合的一个整体,具有

很大的异质性. 根据显微镜观察和显微摄影研

究了有机碎屑的形成过程并用沉淀采集器采得

沉淀物, 用显微镜计数和元素分析仪进行了定

量研究. 80年代东湖 3个湖区的有机碎屑的现

存量分别为 72. 505、18. 125 和 52. 398�g·

L
- 1. 并用特制的浮式沉降物采样器研究东湖

颗粒有机碳的沉淀率及各种成分.对颗粒有机

碎屑在鲢、鳙鱼营养中的作用进行了试验性研

究
[ 3, 11]

.

6　鱼类放养对生态系统的“下行效应”

武汉东湖是全国闻名的面积在万亩以上的

渔业高产、稳产湖泊. 该湖 1971年的鱼产量为

182. 5t 至 1995年上升至 1840t , 其中鲢、鳙鱼

的产量占总产量的 95%以上.这些滤食性鱼类

的代谢活动对湖泊生态系统结构、功能有何影

响?这在经典的湖沼学中找不到现成的答案.因

此紧紧围绕鱼类放养对生态系统的下行效应

( top-dow n ef fects)以及养鱼与水体富营养化

间的关系进行了深入研究, 结果表明, � 鲢、鳙
鱼摄食过程加速了水体氮、磷释放进程; � 鲢、

鳙鱼的摄食过程一方面提高了对初级生产量的

利用率, 而另一方面却通过渔获物从水中移出

大量的氮和磷; � 在选择效率规律的作用下,

鲢、鳙鱼的大量滤食, 促进浮游生物小型化.因

此在强化渔业的湖泊中导致湖泊生态系统功能

加速,物质循环形成“短路”,打破了正常的系统

演替、平衡规律[ 3, 6] .

7　新技术、新方法的应用

结合我国国情及时地应用新技术、新方法

提高湖沼学研究水平. 在浅水湖泊中,首次用鱼

探仪估算了东湖鱼群密度和个体大小, 建立起

一整套测定水细菌现存量和浮游动物对细菌牧

食力的实验方法(包括 AODC 法、扫描电镜

等) ;把多种放射性核素应用于浮游生物群落生

态学以研究不同营养层次间的碳流动态; 利用

电子转移酶系统测定浮游藻类和细菌的呼吸量

以及酶学方法在菌、藻生产力中的应用

等 [ 12, 13] .
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Changchun 130023) , Xu A ijun et al ( Chinese No rth-

east Instit ut e of M unicipal Eng ineering Design,

Changchun 130021) : Chin. J . Envir on. Sci. , 18( 1) ,

1997, pp. 38- 41

The M n2+ r emov ing activit y of t he filter sand fr om 2

Chinese W ater Plants w as ana ly zed to det ermine t he

ro le o f the bacter ia in t he M n2+ rem oving Procession.

Enumeration of bacter ia on PYCM medium show ed

that there w ere 105- 106 bacter ia per g w et sand and

about 40% - 50% of the colonies had the abilit y to ox-

idize M n2+ . By t he in situ enrichment of the bacter ia,

steriliza tion and the HgCl2 inhibition of the matur e

sand, it w as found that bacteria w ere indispensable to

the maintenance of t he act ivity of the sand. W hen t he

bacterial activity w as inhibited, the activit y of t he sand

w as reduced to20% of the or ig inal one. T he r emaining

activ ity might be due to the chemical catalysis. Bacte-

ria were the major source of t he M n2+ removing activ i-

ty o f the filter s.

Key words: g r oundw ater , M n2+ , bact eria , chemical fac-

tor s, filter sand.

A Study on the Characteristics of the Activated Sludge

for Anaerobic Attached Microbial Film Expanded Bed

Process. Zhang Jianli and L i L ijian ( Dept. o f F ood Sci-

ence, Laiy ang Ag r icultur al College, Laiyang 265200) ,

Feng Xiaoshan ( Dept . o f Envir on Science, Zhejiang A-

gr icult ur al Univer sity , Hangzhou 310029) : Chin. J . En-

vir on. S ci . , 18( 1) , 1997, pp. 42- 44

The chara ct er istics o f activat ed sludge in the anaerobic

attached microbial film expanded bed ( AAFEB) reacto r

w ere studied. T he r esults show ed that t her e w ere

thr ee consecut ive phases in the cour se of biofilm fo r-

mation and development , namely , adsorbtion phase,

partly co ating phase and fully coating phase. ln t his

pro cess, the pr edominant micr oo rg anisms w ere

changed gr adually fr om coccus to filament ous or gan-

isms, which caused anaerobic sludge act ivity increas-

ing . Under the acidificat ion condit ion, ther e w ere a lot

of str eptococcus and ex tr acellula r polymer on the sur-

face of activ ated sludge , and the sludge act ivity w as

low .

Key words: anaerobic attached micr obial film expan-

ded bed reactor , anaer obic activated sludge, biofilm.

Catalytic Properties of Two Kind of Catalysts in

Toluene Combustion Reaction. L i Shiy ao, Li Shulian et

al. ( Dalian Instit ute of Chemical Physics, Chinese A-

cademy of Sciences, Dalian 116023) : Chin. J . Envir on.

Sci. , 18( 1) , 1997, pp. 45- 47

To luene or ganic exhaust s w ere r egarded as index reac-

tion in evaluating the catalytic perfo rmance of honey-

comb cer amic mono lith cat aly st s consisting of noble

metals and non-noble metals r espectiv ely by means of

a continuous system w ith a fix ed bed of catalysts. T he

effect of to luene concentr ation and oxygen cont ent in

the exhaust , space velo city , linea r v elo city on toluene

r eact ion, and the thermal stability o f cataly st s w ere in-

vestigated. It is found t ha t t he activ ity o f noble metal

catalyst is superior than that of non-noble metal cata-

ly st under differ ent conditions. The light -off tempe-

rature of toluene exhaust on non-noble metal cata ly st

is by 50℃ higher t han t hat on noble meta l catalyst af-

ter catalysts calcine at 600℃ fo r 3h. M eanw hile, after

catalysts calcine at 900℃ fo r 3h , the light-off tempera-

ture o f t oluene exhaust on noble metal catalyst in-

creases only by 3℃ as compared w ith the calcination o f

600℃ for 3h. But under same condition, the light -o ff

tempera ture o f toluene exhaust on non-noble metal

catalyst incr eases by 87℃.

Key words: combustion r eaction of to luene exhaust,

honeycomb cer amic monolith catalyst, thermal stabili-

ty , light -off t emperature .

Photochemical Disinfection of Wastewater. Kong

L ingr en, Chen Xi et al. ( Dept. o f Environ. Sci. and

Eng. , Nanjing Univer sity , 210093) : Chin. J . Envir on.

Sci. , 18( 1) , 1997, pp. 48- 50

A new method of pho tochemical disinfect ion for

w astewat er fr om Nanjng city was invest ig ated. By ae-

rating and using met hy lene blue ( M B) as pho tosinsi-

tizer , t he wastew ater samples were disinfected under

sunlight and a medium pressure mercury lamp sepa-

rat ely . T he r esults w ere as fo llow s: ( 1) The disinfec-

tion o f w astew ater w ere remarkably aff ected by the

light sour ces, lig ht intensit y, ir r adiaded time, M B con-

cent ration and disso lved oxygen; ( 2 ) T he bact eria

w hich w ere disinfected by UV could be par tially pho-

tor eactiv ated under sunlight; ( 3) The disinfection rat e

could r each 100% and t he bacter ia pho tor eactiv ation

w ere no t appeared w hen l liter of the sample contain-

ing 3. 1×106 bacteria and 2 mg M B were ir radiaded by

a 300W medium pressur e mercur y lamp for 4 min; ( 4)

The residual M B in the samples could be removed by

bent onite clay. The disinfection mechanisms o f UV

and photo sensit ization, t he bacter ia pho tor eactiv etion

and the effects fo r affecting disinfection were dis-

cussed.

Key words: photo chem istry , pho tosinsitization, UV ir-

radiat ion, disinfection.

Summary of Studies on the Ecology of Lake Donghu.

L iu Jiankang and Huang Xiang fei ( Instit ut e of Hydro-

biolog y , Chinese Academy o f sciences, Wuhan

430072) : Chin. J . E nv ir on. Sci. , 18( 1) , 1997, pp. 51-

53

Taking the Donghu ( in Wuhan) , a representative lake

of the middle and low er basins o f Chang Jiang R iver as

a base, the present pro ject has conducted st ationa ry

monitor ing and sy st ematic resear ches on t he ecolog y o f

Lake Donghu for mo re than 30 year s. Achievements o f

the studies include t he estimation of the budget s for

the main nutr ients nit ro gen and pho sphorus of the

lake, as w ell as t heir distr ibution and accumulat ion in
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the lake; studies on the succession of phytoplankton;

assessment of the fishery po tent ial on the basis o f phy-

toplankt onic pr ima ry productivit y; determination o f t he

standing cr op and product ion o f zooplankton; studies

on the function of or ganic detritus in the system and

the top-down effects of fish on the sy stem, et c.

Key words: Lake Donghu, ecolo gy , str uctur e and func-

tioning, top-dow n effects.

Thermal Environment of Urban Area and The Im-

provement of Its Micro - thermal Environment . Liu

Xiaotu and Chen Enshui ( Dept. of Architectur e, South-

east Univer sity , Nanjing 210096 ) , Shao T ieru ( T he

Association for Science and T echno lo gy of Zhenjiang

City 212001) : Chin. J . Env iron. Sci. , 18( 1) , 1997, pp.

54- 58

On the basis of the change of thermal env ir onmental

factor s in sever al cities and counties o f sout hern par t in

Jiangsu pro vince, this ar ticle analy zed firstly t he

chang ing t rend o f therm al environment al facto rs that

caused by the urbanizat ion, then introduced the effects

for improving micr o-t hermal env ir onment o f habit ation

by using the mea sur es including t he planning of ro ad

netw ork in urban ar ea, the contro l o f density of t he

building s, t he g reenery and t he w ater s in the urban

ar ea.

Key words: development of the cities, thermal envir on-

ment, heat island effect, improvement o f m icro-thermal

envir onment.

The Photolysis Character of Methyl Bromide and Tri-

bromomethane in the Presence of Hydrogen Peroxide.

Zhong Jinx ian, Zhang Deqiang ( Resea rch Center fo r

Eco-Env ir onmental Sciences, Chinese Academy o f Sci-

ences, Beijing 100085) , Chen Dazhou ( Chinese Center

for Cer tified Reference M a terials, Beijing , 100013 ) :

Chin. J . Env ir on. Sci. , 18( 1) , 1997, pp. 59- 61

Under simulated at mospher ic condition, photo ly sis fo r

CH3Br + H2O 2 and CHBr 3 + H2O 2 sy stems were stud-

ied. H2O 2 was ir r adiated by 253. 7nm UV and produced

OH radicals. The OH radicals can initiate phot oox ida-

tion of CHBr 3and CH3Br . T he products of phot oox ida-

tion w ere determined by a four ier tr ansfo rm infrar ed

spectr oscopy with 20m long pat h cell. T he products

w ere CO , CO 2, CH2O and H2O fo r CH3Br + H2O2 sys-

tem, CO 2, CO , H2O and COBr 2 for CHBr 3 + H2O 2 sys-

tem, based on those result s the mechanisms o f pho-

toox ida tion w ere suggested.

Key words: photo ly sis, OH radicals, br ominated

methanes.

The Eff ect of Parents Smoking on the Urinary Concen-

tration of 1-Hydroxypyrene of Children. Zhao Zhen-

hua ( Beijing M unicipal Resear ch Academy o f Envir on-

mental Pr otection, Beijing 100037 ) , T ong Jingyi

( Shanx i P ro vincial Childr en's Hospit al, T aiyuan

030013) : Chin. J . E nvir on. Sci. , 18( 1) , 1997, pp. 62-

64

Using the ur inar y 1-hydroxypy rene as a biolog ical in-

dex , the effect of parents smoking on the content o f 1-

hydro xypyr ene in the pupil's ur ine w as investigat ed.

The 1-hydro xypyr ene level in 234 urine specimens o f

pupils fr om 4 urban distr icts w as determined, and the

ambient air in these districts w as synchronously sam-

pled and analyzed fo r the content of benzo ( a ) pyr ene
( BaP) . It w as found that t he content o f urinary 1-hy-

droxypy rene o f the pupils is significant ly cor related

w ith the ambient concentra tion o f benzo ( a) pyr ene in

the co rr esponding r egion w here the schoo l is lo cat ed.

For the gr oups o f pupils w hose parents smoke the ur i-

nary level o f 1-hydroxypy rene ar e alw ay s higher than

that of the g roups with non-smoking parents, but the

t-tests indica te that t he difference is no t statist ically

significant due to small populations.

Key words: smoking , ur inar y 1-hydro xypyr ene, benzo

( a ) pyr ene .

Primary Study on Sulfur Capture in Coal Briquet Com-

bust ion by Fe2O3 Promoting. Zhang L iangquan, Chen

Siw ei et al. ( China Chemica l Industry Economic and

Technical Development Centr e, Beijing 100723) : Chin.

J . Env iron. Sci. , 18( 1) , 1997, pp. 65- 67

Acco rding to the ignit ion po int of sulphur in coal, the

sulphur capture reaction pr ocess w as divided into tw o

stag es in t his paper . It was found that sulphur captur e

in coal ash mainly happened in stag e of below 500℃.

Relationship betw een tim e of r aising tempera t ur e and

fr act ion of sulphur captur e w as obtained that time o f

r aising temperatur e must be below 30 min. It w as

found that the mo re Fe2O 3 w as used, the m ore CaSO 3

changed into CaSO 4. The actual pr ocess of sulphur

capt ur ed in coa l ash w as simulat ed thr ough the reac-

tion CaO+ SO 2+ 0. 5O2→CaSO 4. A t last some special

exper iments w ere designed and proved that Fe2O 3

mainly pr omo ted t he r eaction CaO+ SO 2→CaSO 3.

Key words: coal briquet, sulphur capture , Fe2O 3.

Study on the Synthetizing Building Materials by Steam

Curing Asbestos Tailings. Lu Zhongyuan, Wang Hai-

bin et a l. ( Southw est Inst itute of Technolgy , M ianyang

621002) : Chin. J . E nv ir on. Sci. , 18( 1) , 1997, pp. 68-

69

A Study on synthetizing the building mater ials by

steam cur ing fr om asbestos tailing have been done in

the present thesis. The effects o f calcined t emperatur e

of t he raw mater ials, the addit ions on the proper ties o f

products have been studied in this paper . T he results

show ed t hat function o f t he mater ial are the best w hen

optimum temperature of pr etr eating the asbesto s tail-

ing is 950℃ and component in the mater ial is 90% for

the asbesto s tailing and component in the material is

all 5% for M A and NB.

Key words: asbesto s tailing s, building m aterials, st eam

curing .
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