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Abstract卫kperimental BtudieB were carried out on the puri丘cation of eutroplIi(’

Tamu Lake water by dyⅡarnic瓴peTiment u8ing immobih3ed uitIoEen c了cle bacteri“

(INCB)．The result8 8howed that the eutrophic water of Taihu Lake can be puri矗cd

e丘bctively as it pa黯e8 through the experimental reactor into which 80H1e immobilized

nitrogen cycle b8cteria were put．The removal emciencies for 7rotal N(TN)，NHj—N
with iIlunobilked nitroEeⅡcyck bacteria were 72．4％and 85．6％，respectively．It was

found that the im脚bilized nitrogen cycle bacteria also have puri矗catory eⅡbct on

eutrophic water斫1抽hu Lake砒wInt町teHlperature(7。C)，and that the Temovalm

efhciencies for 1阳tal N (TN)，NH：．N were 55 6％，and 58 9％，re8pectively．T}le
removal emcieⅡcies for TN and NHj．N deDcnd on the七iIne the water stays m th

experimental reactor，
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1 INTRoDUCTl0N

T碰m Lake is one of the丑ve妇nous lar曙est freshwater 1al【es in Chjna，with an area

of 2338 km2 and a depth of 2—4m．With the sodal and econoIIlic development durlng

the last decades，the吼hu Lake has been polluted and become IrIore eutrophjc，which

haⅣe in丑uence on t：be sodal and economic sustajIlable develo口ment around its areas．To

control the Lake eutrophjcation，dredging，d丑uting，【1
J
restoring hydrophyte，and t a1【ing

biomanipulation【2J and other means have been apphed to c皿tr01 and harness these prob—

lems As a new tedl芏lolo肼the physico-ecologjcal en百ne画ng(PEEN)us血g physjc柚
and bj010西cal methods to remedy and rehabilitate a healthy ecological system from the

phyt叩laⅡkt0I卜do血nated state iII eutroplIic lakes c砒I iⅡlprove 10c“lake water quahty

obviouslv．【3J It is folmd that bacteria and咖tualjsm of bacteria with hydrophyte have

important eff色ct f缸purifyiIlg water．However，the remedial system of hydrophyte is not

strong enough Tesist血g the environmental hazards．Accordingly’mal【ing a carrier with
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sllitable pore structllre can provide refuge eHbct for bacteria and developing the teclmol—

o盯of immobihzedⅡitrogen cycle bacte“a(INCB)【4J by physical and microbial methods

for remedying and rehabilitating the healthy aqua—ecosystem in eutrophic lakes has Vcry

important theoretic aIId practical mea丑i11只．The key issues of INCB are“croblal_base(1
with aids of physical means． There are three major tecllniques 0f INCB，e g，maklng

carriers for immob丑jzed nitro即n cycle bacteria，cIlltivating speciat nitrogen cycle bac—

teria w王th hi曲e伍ciency for Ilitri丘cation．denjtri矗cation，and improving water quaJity

丘om laboratory to local water with INCB．By us血E INCB bacteria releasing techniques

in PEEN，fbur groups of ILitrogen cycle bacteria，血cluding ammon曲ing，nltrobacte—
ria，njtrosobacteria and de血trifj旺ng bacterja have jncreased remarkably jn che water，

oxidation．deo工idization of IlitroEen haⅣe consolidated；rLitrogen have been removed more

efrectively丘om the water and local lake water qu“ty have improved obviouslv The

similar study has not been fbund about the improvement of lake water quality，and tlⅡs

paper suPPly major biological aspect with INCB toward thjs goal．Therefore the INCB

tedlnique provided a new，irrlportant，and more eHkctive approach fbT improv血g water

quaUty，contromng eutrophjcation and resisting the enviro衄ental h配ards

2 METHoDS

2．1 organjsum

F。llr group of njtrogen cycle Bacteria were obtained from Taihu Lal【e，including

鲫[1n∞nifying，nitrobacteria，njtrosobacteria and denjtrifying bacteria．The basic medium

used fbr the agar sl姐ts aⅡd the synthetic liquid medium used for tlle zrowth of the four

groups 0f bacte“a was the same as reported previously．15-6J After 2 months of cllltivation，

the f011r kinds of njtro譬en cyck bacteria were harvested by centrifuge at 4000 r／rnln

for 10 mins． The wet njtrogen cycle bacteria were obtajned and further prepared for

bmmobihzation．

2．2 Preparation of porous carriers

In order to Zrdw dⅢ矗ent sorts of bacteria，varjous k血ds of hydrophjUc and

hydrophobic西ass·fon血g monomers，2·Hydroxyethyl acrylate(HEA)，2-Hydroxyethyl

methylacrylate(HEMA)and polyethylene glycol d曲ethacrylate(nG)一14G，9G，4G，2G
were used in thjs work and mi】【ed with distiUed water to diH色rent concentration The

Ⅱnxtllres were irracUated at一78。C with叮一ravs在om 60Co s011rce fbr 10 h wjth a dose rate

of 1 kGy／h．The resllltant p 01ym盯caⅡiers were prepared in smau pieces，approximately

5—10口1m iⅡdianleter and sha_lcen With excess锄ounC of water fbr 3 days in order to be

伽y swoⅡen．The sWouen carriers were stermzed by autoclave at 120。C for 40衄ns．The
sterilized carriers were iI衄ersed iⅡto the mltrient medium fbr 2 days to be fⅡled with

the mltrient medium．

2．3 Preparation of imHlobnized nitrogen cycle bacteria(INcB)

The swoⅡen carriers were added to the nlixture ofprecul“lred njtrogen cycle bacteri“

and the rLutrient如edium． The composition of the nutrient medill工Il used in thjs work

wa5 the saIr坨as said prevjously．【6】After aerobic and anaerobic incubation fbr 72 h，the
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polymer carrier of immobiU2ed nitrogen cycle bacteria a110wed to cultivate in incubator at

28士1℃lmde。gentk rotary shakmg After being cultivated，the immobihzed nitrogen

cyc】ebacterja(INCB)wer。prepared．

2．4 ExperiInental system

This e】【periment was perfbrmed in the deVice designed by our research group，the

reactoT(warkhg v‰e 9lL)with its contlol and monitoT证g systems．The eutropkc

Tajhu Lake water was coIItirmously pumped at a const妣t rate duriIIg an the runs The

temp盱atllre 0f the reactor depended on the r。om temperatllres from 140C to 7。C The

DO was mo面tored vja￡he JPB．607 rnodel DO n10lijtor devjce and the DH jn the reactor

w猫monjtored via the PHS一3C DH device．

2．5 Analytical methods

Total N，nitr扯e，nitrice and a1IIIn0血um njtrogen were analyzed accordinS to stan

dard nIethods of China．【铂

3 RESUI口S AND DISCUSSION

3．1 The pur进catbn emciency of immobilized nitrogen cycle bacteria for Taihu

Lake water with dynamic experin砣nt

After the eutropldc Taihu Lake water p酗sed the reactor．the Total N aIId NHj—N of

the water were decrea8ed gramlaⅡy．It was found that the Tbtal N and NH4+一N decreased

29．1％and 27 8％respectjvely on the 5 th day and decreased 54．2％and 74 1％respec—

tively on the 10 th day．After 10 d exnerim哑ts，tlle reInoval emciencies of Tot al N‘Ⅶd

NHj．N tend to stabilize and readled 72，4％and 85．6％respectively．The reslllts showed

that at the begi功【IiDg the：emoval c雎ciencies of INCB system for Total N缸ld NHj．N
were felathrely lower due fo irE：Hob埘2aHon，j二owover a舟er 10 d cxperimelI￡conti工luoLtsl弘

the removal emciencies of INC0 fot?陆o ELl N i．ad NH4+．N keep steady The F exmine
showed that eutro口llic Taillu I。止e water pmmed with immobihzcd njtrogen cvcle bac—

teria(INCBl and that wnh no INCB trcatment had remarl【able di骶rence fp<0．01)

Therefore，the INCB c01dd remove nitrogen丘om the water aIld pllrjfy eutrophjc Taihu

Lal(e water emcaciously(F汜1)

3．2 Removal e毋ciencies for T0tal N and NH4+-N of eutrophic Taihu Lake

water w“h INCB in di艉rent temper8ture￡

Dur主nE me experirnental period，thc wateT temperatllre changed whh the we乱heT

froml4。Cto 7。C．The result sho、耽dthatthe removal emcienciesforT0talN andNHj—N

of eutrophic T出m Lake water using INCB decreased as temperature decreased WheIl

the water tem口eratllre desceaded rrom 140C to 7。C，the removal emciencjes for Tot柚

N aIId NIIt．N with INcB decreased s】owly irom 72 4％and 85．6％to 55 6％and 58 9％

respectively a5 shown iIl Fig 2．After 30 d eYperimenLs，t1Le refnoval emciencles of 1、0taJ

N aⅡd NH土一N have sliEhtly扎creased due to temperat℃re decrease shown iIl F培1 Thls

showed that“though the c1Lange of tcmperat“e had so瑚e eH色ct on the rclrLoval e伍clen—
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cies for 1Dotal N and NHj—N because of the actiVlty of INcB system decreased s119htly

lIIlder the 10w t锄peratllre aIId caused reⅡloval emciencies for Total N aIld NHj’N
decre舢e，the INcB has relative hjgh盯removal e伍ciencies for Total N and NH：一N。f
eutrophjc Taihu Lal【e wate。
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F19．1 cha工lges of TN and NH：一N during

DynarrIic experhcnt

4 CoNCLUSIoN
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Fig．2 The efkct of water temperatllIc、s tm

the removal ef矗cieⅡcies fbr TN and NH：一N

Based on this i11vestigation，INCB plays a signi矗cant role in purifying eutr。phic

Tamu Lake waterl especially during autl哪and winter with the temperature dropping，

most hydrophytes stop F0wiIIg and soⅡle hydr叩hytes would die aIIdbec。me the source。r

ponution．As a new tecllnology，the INCB usmg physical andbiological methods to pur讧y

eutroplIic Taihu La：ke water c姐iIIlprove eutr叩hjc Taihu Lake water quohty obviously

by usiIlg INCB and the“Ⅱlicroecosytem”porous carrier，whjch proVides the bacte“a

with f如ollrabk ecological enviromnent．With thjs kind of porous carriers，njtrogen cycle

bacteria caⅡiⅡlprove eutrophic Taihu Lake water through nitrification-denitro行cation

reaction whjclL lead to pllrify the Taihu Lal【e water quality．
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