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摘要　研究来自我国东北 2个自来水厂的除锰滤砂对 Mn2+的催化活性,以确定微生物在除锰过程中的作用.利用

PYCM 培养基可在每 g 湿砂上计到 105- 106 个细菌,其中有 40%- 50%具有 M n2+氧化能力.对滤砂表面的微生

物进行原位培养,灭菌和HgC l2 抑制,表明微生物群落的存在与稳定对于活性表面的存在与稳定是至关重要的.当

生物活性被抑制后,锰砂残余活性约为原活性的 20% .这部分活性可能来源于化学催化.微生物是除锰滤砂活性的

主要来源.
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　　国内外普遍采用接触过滤法(快过滤法)去

除地下水中的 Mn
2+ [ 1, 2] . 对于该法除锰机理的

认识, 化学法除锰和生物法除锰已争论多

年
[ 1, 3]

. 对机理的认识不同,直接影响工艺参数

的控制,因而影响除锰效果、生产周期和生产稳

定性. 为了尽快形成较为完善的工艺设计规范

以取得良好的社会效益和经济效益, 有必要对

滤砂催化氧化的机理进行深入的研究和认识.

本文对鞍山大赵台自来水厂和抚顺经济开

发区自来水厂的除锰滤砂进行了研究, 对微生

物及可能的化学因素在除锰过程中的作用进行

了初步的研究和探讨.

1　材料和方法

1. 1　材料

滤砂:未使用过的锰砂(简称生料) ;鞍山大

赵台水厂与抚顺开发区水厂除锰滤池中经驯化

的成熟锰砂(简称熟料) ;抚顺水厂中试试验柱

中驯化成熟的石英砂.

试剂: N, N , N′, N′-四甲基对苯二胺(简称

TMPD) , Aldrich 出品, AR;其它均为国产分析

纯或生物纯试剂.

1. 2　细菌计数与分离

PYCM 培养基: 蛋白胨 0. 8g , 酵母浸膏

0. 2g, MnSO 4·H2O　0. 2g , K 2HPO 4　0. 1g,

M gSO 4·7H2O　0. 2g , NaNO 3　0. 2g , CaCl2

0. 1g, ( NH4 ) 2CO 3　 0. 1g , 加 水 1000m l, 调

pH6. 8- 7. 2.固体培养基则加琼脂1. 5% .湿热

灭菌后使用.

取适量熟料,加无菌水充分振荡.将振荡后

得到的悬浊液梯度稀释,用 PYCM 培养基进行

混合平板培养, 25℃, 15d.

1. 3　细菌活性的判定

刮取少量菌落, 分别用过硫酸法
[ 4]
和

T MPD法
[ 5]测定其中的锰. 过硫酸法结果呈红

色且T MPD法结果呈蓝色的菌落是具有 Mn2+

氧化能力的,其它情况均表明菌落无活性.

从上述检验有活性的菌落中随机选取 5

个, 用 T MPD 培养基进行摇瓶培养, 25℃,

100r/ min, 7- 10d. 100×g 离去培养液中的沉

淀, 上清液 3000× g 离心 10min, 将沉淀用

10mmol / L , pH= 7. 0 的 Tris-HC1 缓冲液悬

浮,再离心, 重复 2次. 离心机,缓冲液均预冷至

4℃.菌体再次用同上缓冲液悬浮, 调节菌浓度

至 OD 600= 1. 0.取上述菌悬液 10ml ,加 MnSO 4

至 20mg / L ,静置 12h,用 TMPD 法测定其中的

高价锰. TM PD 法具体操作见文献 [ 5] . 改进之

处在于,测定吸光度之前将菌体离心除去.



1. 4　微生物群落与熟料表面结构稳定性关系

( 1)细菌增殖的影响　取适量熟料,填装成

内径 2. 5cm ,高 60cm 的滤柱, 用 1/ 10 浓度的

PYCM 培养基淋洗.用原子吸收法检测流入和

流出液中的 Mn
2+ 浓度.

( 2)灭菌的影响　取适量熟料和成熟石英

砂灭菌, 填装成内径 2. 5cm, 高 60cm 的滤柱,

用含锰约 1. 40mg / L 的地下水淋洗,测定进水

和出水的Mn
2+
浓度.

1. 5　滤砂活性分析

( 1)滤砂的处理　取适量成熟锰砂,湿热灭

菌.另取适量成熟锰砂用 1%HgCl 2溶液浸泡

72h. 经上述处理的滤砂,从其上分离细菌以检

验微生物被抑制的程度.

( 2)将经不同处理的滤砂分别填装成内径

2. 5cm ,高 60cm 的滤柱.过滤用水为含Mn
2+约

1. 40mg / L 的地下水. 用原子吸收法分别测定

各滤柱进水和出水的 Mn
2+ 浓度,计算 Mn

2+去

除率.

2　结果和讨论

2. 1　细菌计数与活性检定

表 1　熟料表面的细菌数1)

滤料来源 总菌数/

个·g- 1湿砂

具有 Mn2+氧化能力的细菌数

/个·g- 1湿砂

鞍山大赵台 6. 2×105 2. 5×105

抚顺开发区 5. 5×106 2. 8×106

　　1)指能在 PYCM 培养基上生长的细菌

从表 1中可以看出,在成熟滤料表面存在

着不少于 105- 106的细菌,其中至少有相同数

量级的细菌具有 Mn
2+ 氧化能力. 由于有些细

菌在滤砂表面吸附得较牢固
[ 6]
, 而且有些细菌

未必适于在 PYCM 培养基上生长,滤砂表面上

细菌(包括有 Mn
2+ 氧能力的细菌)的数量应该

比表 1中所示的数量大.

判断细菌是否有氧化能力时发现,棕色的

菌落无一例外都具有 Mn
2+ 氧化能力, 而其它

颜色的菌落 (白色、黄色、红色等) 都不具有

Mn
2+
氧化能力.这种棕色物质是锰的高价氧化

物 [ 7] .

摇瓶培养得到的细菌的活性测定结果见表

2.

表 2　棕色菌落菌悬液活性

菌株编号 1 2 3 4 5

被氧化的 Mn 2+

/ nmol·d- 1 140 120 80 65 70

表 2所示的结果, 进一步证实了形成棕色

菌落的细菌具有催化 Mn
2+
氧化的能力.

细菌的进一步纯化和活性定位正在研究

中.

2. 2　微生物群落与熟料表面结构稳定性关系

( 1)细菌增殖的影响　结果见图 1.

图 1　锰砂滤柱对 1/ 10-PYCM 培养基中 Mn2+的去除

图 1 曲线大致分为 2部分. 其一, 72h 以

前,除锰率稳定在 20%左右, 滤柱对培养基中

的 Mn
2+
有一定的去除能力; 其二, 72h 以后,除

锰能力急剧下降, 96h后不但不能除锰,反而发

生了“漏锰”现象(出水锰含量高于进水锰含

量) . 这说明锰砂表面沉积的锰又脱落下来了.

由于培养基灭菌后的溶氧度远低于曝气后的地

下水, 该淋洗条件可能更适于厌氧或兼性厌氧

菌的生长,从而破坏了滤砂表面的微生态.滤料

表面上某些能够在厌氧或兼性厌氧条件下还原

Mn(Ⅲ, Ⅳ)的细菌大量繁殖后,就会导致已经
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沉积在滤砂表面的 Mn(Ⅲ, Ⅳ)被还原成可溶

的 Mn
2+ ,从而又脱落下来.

( 2)灭菌的影响　结果见图 2.

图 2　灭菌石英砂 (熟砂) 和灭菌锰砂( 熟

料)对地下水中 Mn 2+ 的去除

1. 滤柱进水锰含量　2. 灭菌石英砂滤柱

出水锰含量　3. 灭菌锰砂滤柱出水锰含量

从图 2发现, 灭菌石英砂发生了严重的“漏

锰”现象 ( 曲线 2) , 出水锰含量最初高达

2. 98mg / L ,是进水锰含量的 2倍. 随着时间的

推移,出水锰含量逐渐降低,最后稳定在与进水

相当的程度. 在光学显微镜下可以观察到, 随着

石英砂的成熟, 其表面逐渐形成了一层黑色的

膜.灭菌后, 这层黑膜大量脱落,重新暴露出石

英砂表面.已经验证黑膜中存在一种含锰的化

合物[ 8] ,它是石英砂催化 Mn
2+ 氧化的产物.同

时,黑膜也是其催化 Mn
2+ 氧化的活性表面.当

细菌被杀灭后,其活性表面也随之崩解.脱落下

来的黑膜使得其出水锰浓度高于进水锰浓度.

由于石英砂对 Mn
2+
的吸附能力非常弱

[ 1]
,所以

灭菌石英砂在失去了其活性表面后, 对地下水

中的 Mn
2+
几乎没有去除能力, 因而该滤柱的

出水锰含量最终与进水相当.

从图 2中的曲线 3可以发现, 锰砂熟料灭

菌后并未发生“漏锰”的现象, 这说明其表面物

质并未脱落.这可能是由于沉积的锰氧化物在

形成过程中, 已与锰砂(化学成分是锰的氧化

物)原有的化学结构形成了化学键,因而结构较

稳定. 但是也发现,此时锰砂除锰能力已降低.

这表明其表面活性结构也受到了一定的破坏.

综上笔者认为, 滤砂表面的微生物群落与

其催化形成的含锰沉积物共同组成了滤砂的活

性表面. 微生物群落的存在与稳定对于活性表

面的存在与稳定是至关重要的.微生物群落受

到某种破坏,能够导致表面结构的破坏,甚至完

全崩解.

2. 3　滤砂活性分析

从灭菌和经HgCl2处理的熟料上未能分离

到细菌.说明其表面的细菌已被杀灭,生物催化

活性已不存在.

处理后的滤砂活性见图 3.

图 3　锰砂熟料在灭菌和 HgCl2 处理后对

Mn2+ 的去除能力

1. 锰砂熟料的除锰率　 2. 湿热灭菌的锰

砂熟料的除锰率　3. 经 1%HgC l2 溶液处

　　　　理的锰砂熟料的除锰率

从图 3可以看到, 当熟料上的细菌被杀灭

后,滤料对 Mn
2+
的去除能力有所下降(从 90%

降到 60% - 70% ) . 熟料除锰能力是比较稳定

的(曲线 1) ; 而处理后的滤料的除锰能力是可

饱和的, 说明此时滤料是通过吸附作用来除锰

的.未处理前,吸附的 Mn
2+
被迅速氧化而形成

新的可吸附表面, 因而活性是稳定的;处理后,

生物催化活性被抑制, 吸附的 Mn2+ 不能迅速

氧化,所以可吸附表面逐渐被饱和.

从图 3中还可以看到,处理后的滤料的活
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性在下降到一定程度后保持平稳.这表明, 此时

滤料表面的 Mn
2+ 氧化速度与吸附速度达到了

新的平衡.由于细菌已被杀灭,生物催化活性已

不存在,此时的催化活性应归因于化学催化.笔

者发现熟料表面存在着一种含锰化合物,其结

构与六方晶系的 Al5Mn18·8H2O 相似, 含 Ca

∶Mn∶Fe≈10∶70∶15(原子) [ 8] .很可能这种

物质就具备催化 Mn2+ 氧化的能力.

通过曲线 2、3的比较发现, 经 HgCl2处理

的熟料的活性比灭菌熟料的活性要低. 这可能

是由于 Hg
2+与 Mn

2+ 有竞争性吸附的原因。因

而, 灭菌熟料(曲线 2)更接近于熟料原来具有

的表面化学状态. 从曲线 2可以推知,化学活性

约占总活性的 20%.不过这个比例未必具有普

遍意义,因为 Mn2+催化氧化的产物的结构,也

就是滤料的表面化学结构取决于反应所处的热

力学环境 [ 9] , 不同结构的产物未必具有相同或

相近的催化氧化能力.

3　结　语

在熟料表面存在着一个复杂的微生物群

落,其中有大量的具有 Mn2+氧化能力的细菌.

这个复杂的微生物群落的存在与稳定对于滤料

活性表面的存在与稳定是至关重要的. 来自于

Mn
2+
氧化细菌的活性,是滤料除锰活性的主要

部分.化学催化活性不仅只占了一小部分, 而且

它本身也是生物催化氧化的产物.因此,微生物

( M n
2+氧化细菌及其它组成微生物群落所必需

的微生物)在除锰过程中扮演了重要的角色.在

进行工艺设计时应当充分考虑这一点, 为微生

物群落的生长和稳定提供条件.
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dexes contr olled in producing .

Key words: dy e intermediates, J-acid, w ast eliquor , ex-

tr act ion, resour ce recovery .

Study On Full-scale Test of Biological Contact Oxida-

tion Pretreatment in Drinking Water Treatment from

Huaihe River Source Water (Bengbu Reach) . Liu Wen

jiun, He Beiping et al. ( Dept . of Env iron. Eng . ,

T singhua Univ ersit y, Beijing 100084) , Lu jianhong et

al. ( Bengbu Wa ter Company, Bengbu, 233000 ) :

Chin. J . Env ir on. Sci. , 18( 1) , 1997, pp. 20- 22

In this study, the test o f full-scale bio lo gical conta ct

ox idation pr etreat ment in dr inking w ater t reatm ent

w as discussed, w hich is first in domest ic. T he results

dem onstrat ed t hat biolog ical pretr eat pr ocess can re-

move or ganic compounds and ammonia of source w ater

by 13. 6% - 20. 5% and 70% - 90% respect ively

w hen t he rat io of wat er t o air is 1∶1; t he key facto r

to affect the biolog ical pr etr eat pro cess per formance is

disso lv ed oxygen and temperat ur e.

Key words: dr inking wat er, biolog ical pr etr eatment,

pilot scale t est , Huaihe River .

Degradation of Black Liquor Lignin Produced from

Kraft Pulping Process of Pine by White-Rot Fungi.

L in Lu, Yang Gao et al. ( State Key Labor ator y of

Pulp and Paper Eng ineering , Sout h China U niver sity of

Technolog y, Guangzhou, 510641 ) : Chin. J . Envir on.

Sci. , 18( 1) , 1997, pp. 23- 25

Black liquor lignin is the main pollutant in t he black

liquo r produced fr om kraft pulping pr ocess of paper-

making r aw mater ials. In this paper , effect of w hite-

ro t fung i on degr adat ion of black liquo r lignin pr o-

duced fr om pine kraft co ok w as studied. Results

show ed that w hite-ro t fungus could deg rade more than

74. 5% of black liquor lignin in the medium after 10

days of cultur e, the main part o f black liquor lignin de-

graded w as in the r ange of 1500- 3000kD o f molecular

w eight . Culture facto rs such as cabon and nitr og en

source, pH value in t he medium and temperature exer t-

ed dur ing the cultur e had an impor tant r ole r espective-

ly on the effect of degr ading bla ck liquo r lignin by

w hite-r ot fungus.

Key words: w hite-ro t f ungus, black liquo r fr om kraft

pulping pro cess, sulfonate lignin, biodeg radation.

Pilot Scale Petrochemical Wastewater Treatment Using

Inner Loop Fluidized Bed Bioreactor. Zou Ping , Wang

Chengw en and Qie Y i ( Dept. of Envir on. Eng . , T s-

inghua Univ ersity, Beijing 100084) : Chin. J . Envir on.

Sci. , 18( 1) , 1997, pp. 26- 29

A Pilo t scale exper iment on petr ochemical w astew ater

tr eatment using inner loop fluidised bed bio reacto r and

floatat ion pr ocess w as conduct ed. The effluent COD

fr om the process is about 200 and 100 mg/ L when in-

fluent COD is 800 and 500m g/ L , r espectively. T he

loading rate of t he bior eactor can be achiev ed above

15kgCOD/ ( m3. d) .

Key words: inner loop fluidised bed bio reacto r , petr o-

chemical w astew ater , floatat ion pro cess.

Investigation of the Landf ill Gas Composition and Its

Yield in South China. L . Y . Chan and S . C. Lee ( Dept.

of Civ il and Structura l Engineer ing , The Hong Kong

Po ly technic Univ ersit y, Hong Kong ) , Y . Q in ( Instit ut e

of Env ironmental Science, Zhongshan Univ ersit y,

Guang zhou, 510275) : Chin. J . Envir on, S ci. , 18 ( 1) ,

1997, pp. 30- 34

F ive landfill g as monit or ing wells w er e installed and

the composit ion of landfill gases w ere monitor ed in

Wufeng shan landfill in Foshan, south China. For the

w ells lo cated in the late landfilled reg ion, CH4 and

CO2concentr ations o f landfill gases ar e high and sta-

ble. Fo r t he w ells located in the early landfilled r eg ion,

CH4 and CO 2 concent rations of landfill gases ar e low

and var iable. In the last field measur ement, the gases in

the well located in early landfilled reg ion has lost the

character s or landfill g as. It's implication is that the

bio lo gical decomposition pr o cess of t he r efuse under-

gr ound has completed or the anaer obic environment

has been dest ro yed. It just lasted fo r about 4 year s and

is much shor ter than t he expect ed tim e o f 10 - 20

year s. The differ ences of landfill g as betw een Foshan

Wufeng shan landfill and Hong Kong Shuen Wan land-

fill w er e compared and discussed. The y ield o f landfill

g as in Wufengshan landfill was estimated acco rding to

the or ig inal carbon com ponent o f the refuse.

Key words: landfill, w aste gas, bio log ical decomposi-

tion, monitor ing well, CH4, CO 2, ga s y ield, Fo shan.

Photolysis of -Naphthaleneacetic Acid in Aqueous So-

lution. Zufei Zhou, Weichuan Jiang and Weiping Liu

( Dept. o f Chemist ry , Zhejiang Univ ersity, Hang zhou

310027) : Chin. J . Environ. Sci. , 18( 1) , 1997, pp. 35-

37

Pho tolysis o f -naphthaleneacetic acid( NAA ) has been

investigat ed at 25℃ in aqueous so lutions by irr adiation

at differ ent w avelengths. The shor ter waveleng th o f

254nm is consider ably mo re effectiv e in pr omo ting

degr adat ion than waveleng th of 365nm . The pr ima ry

degr adat ion o f NAA fo llow s a pseudo-fir st-o rder ki-

netics. The phot olysis half-life and rate constant w er e

determined to be 60min and 1. 15×10- 2min- 1 respec-

tiv ely . T he optimum photo lysis r ate has been obser ved

using T iO2 pow der as pho tocataly st . Sever al r eaction

intermediates w ere identified using GC/ MS t echnique .

The photo ly sis of NAA invo lv es decarboxy lat ion and

ox idation on ar omatic r ing . On the basis of the analy ti-

cal data , a mechanism of the pro cess has been pro-

po sed.

Key words: photo ly sis, -naphthaleneacetic acid, ul-

tr avio let light.

Mn2+ -Oxidizing Bacteria and the Mn2+ -Removing Ac-

tivity of the Filter Sand Used in Water Plants. Bao Zhi-

rong et al ( Dept. Mo lecular Bio log y, Jilin U niv,
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Changchun 130023) , Xu A ijun et al ( Chinese No rth-

east Instit ut e of Municipal Eng ineering Design,

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

1997, pp. 38- 41

The Mn2+ r emov ing activit y of t he filter sand fr om 2

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

ro le o f the bacter ia in t he Mn2+ 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 Mn2+ . 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. When 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 Mn2+ removing activ i-

ty o f the filter s.

Key words: g r oundw ater , Mn2+ , 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. Meanw 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 ( MB) 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, MB 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 MB were ir radiaded by

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

The residual MB 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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