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T EEARSREANKMEH LS RENAERAAELZN. RN FRYERBEY
AR —H RRF R EESHA AT ERAS. REXTHRARTREEAHE, BX
RAFEERE, FEERTAKRMEEEL A, KFRRE 1999 FRMAR T ¥
14406km 1 R SRR 14 % 100w RS RN O 364y T B 0 2R 88" BOK L (B 20
BT AT A4 T8 B (TP) ¥ BE fh 1998 4R 1Y 0. 149mg/L | 7+ 2000 £ 19
0.175mg/L, BP¥In 7 17% . K30 K 69 TP M il 1998 FH9 0. 069me/L £ F R 2000
489 0.100mg/L, B 183k 45% T, EM B AR T 2.5 4250, 56 2. 828km” LY 4. 24
X100’ R ITEE, 19945 A, EHFLHEAR SBAMEE o WENHE 13.03mg/
L,1.2mg 1 H 639. 41mg/m’, 53R HT 1994 — 1996 = F H{EH 4. 21mg/L, 0. 60mg/L.,
119. 17mg/m® 48 B B A B A9, 2000 45 -39 BODs, CODyg, TN, TP 5 1998 44 H 705
SO0 T 15%,60%,57% M 92% 0 RESERAME FRT TFEEARSRANERKR
T, AR Sk AT E LM E M ENR R AR i, BESAR FUREE
Hm.
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£ B TR CH B A P R D K A P I SR A R R B, TR o £ 28 B R R B A R R
BRYENCENERKETEERYRENAEGSEY.
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2050 AT H B 1997 4E 497K T15. 1997 8975 Ye A AR T T 1990 F 4K 7 1990 K
WWEAIRE A -ENETEARR, BT Bk ErE LT EREFRKEA
B 134250 8 B R TN B AT E R & R0 ) AW R MK # T LRE & B &L
FEAEEE S 1. 2mg /L 70 0. 04mg /L., LEAT N 6 B B 5 A R 00 B & R B4R HE(TNO. 2mg /L 1
TPO. 02mg/L) B8 i 2 - 6 45 ; B (&0 ) MR ST 12 - 13 1% BT LA, A DA AC (TR g3
6 BT HE D0 75 S 0 A S IR T 15 Be A S0 4R S E K So R BEN B AR A AR E B S0 4 RAAT
TSI T FEAE 4 I ST 1 TR 2 0 1 I sk LR RS AR T R SRR AL B
BRHEABEREHBEALSRE, UEBELSHEARNTE.
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2.1 SSERNEES, TENAKPEREENMARKEESRENREXRESHH
BRKEARE(ERES EXABERT, EX LR AMEE. 7 EMELE.
NEABREKPEER . ERER LN EDRE SEMKRSYR, FAKGIEL. MR
AABBEXREALSFEEOKEBR SRS DYR, NS HL R, RRRY 8. B ma g
B A ERERMYEDE, RS R EERG R RA RN SR, RIETFRRRETERL
BB AR A o B 4 RS R o B K s K
BRYAE SRS, BANEDE, W T AR KM 88 TR, Tk ARKIEPRHEEY
HAREEEN, X 1%HNEBR B8 YALEMBEEYHPSEE BREAERAK
PR3t R RAEA R R, IR EAEK BRSLEE N LR PEEN B8R 74 (B 1).
REAFFKTE RO ERED IR
7 i ( Bio-Environmental Enterprise, BEE)
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BIENMERZFRS. HEAEHEY TR
_ BHEHEIE B Fln, KM AKAAEL S
i ;{E Eﬁiﬁi@m : SR 209 45 7 71 0 0. Skg/ (ol +d), B
Fig. 1 Development of Bio-Ervirormental Enterprie | 227 8- 28/(m’ &) AR M R R i
g pment viro Titerprise
(BEE) by using Physico Ecologicel Engincering R BEHEE R 0,79t/ (km? ~d)and 0. 13t
{PEEN) for increasing self-purification of water bodies (km?-d), 2 ¥ KA 13 0 21 fg[”_ &%
BUAER & AR EHESE EF25 0
i EREGA TR RBAR AR AMETF R AR RN, 7T RLE KR TPk, & &
HER.
2.2 HAEHIXEELERRETIRME TRHAESE
AKERMAKEBRAOBURNGHAREEERER, ENAEFEHXERAE 2
REBEMEE. MEE, SR REEFITRE, i ARBKREH KB R
R, AGMALVEERT S EXFHEAT AL TRE AIXANRE-SR IO AEET
MEREABEBE RN KAESRL. “WH L (BREMKFKR) #dRI(FEEK
R) ABBBAEE, e XEMTEATHEEMNAERSBEAGT HEEEKG D
®OEENR ERASBARAG TIERHN S MFHREAR IREREF LA,
HELBRERE AR, B EPE (S BRE, Biophysical membrane) , 3§l 75 34 f # 7 R 5
BMAESRANEN, B0 RAEFEET LN EEFRE. TR KBRS SN (NIKA
KB MK KRS )M BRNKAESRE AEBERBERETRERERR.
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2.3 EHWEEN. RIEMRLESNERRERABEN TESRERERENERER

SRTATE o B B B s TR TR R X4 AT I SO £E P BRI B A TR ML R B o
& EEARAP IR MENEHNFRE TR R ERRRKESRA. BT
PREEDYBEET S BN RETHASNERET TRE. BRI AEAAE4Y
gy K T BE.

E KR S 3 3K W B BELJE D R B A R SR LRE , 3l S AL E M E Y
HEAKRNER. BEFERRESERTHEHL, B AR EERICK P E R
& HBARA X EABEHE, I RS LB ok, K Y 0shis FET
BREBRNOE RSB RN 8, AR T EEROK R, i1 SR KA 3 e KR
DA R, B T TR MK R o M P STV E R B M TR B I R A

TR TE— K BIE T RIT R AL A R RR R R R B, B 2tk
WS E—FETTUMEYEENTHRR. FERHEE.

KRBT AYELRAEREES R RS, A SRR A (W RUR
¥ Eichornia crassipes , BEEFE Alternanthera philozeroides %), EERE THEIKE KR
BEHTAENHEARL REFHSEKREE BHEKR AERBRETSTELR. B
EARESRAENERBSFHAES, -RATRA. HRREEYM TR E D
(I EBhSHET AN BRFNRERNE Ay, TE—SANFTARNA, BR
KR, LH SRS TR AWK

B4 WRAIT R REA K B RERARAR. FERLNREOAE, S HRLY
KEEEEERTHEREAT E— R4 TUTESHS FUMNA, —FEBAKE, 57
EE R R .

EFTUKHY RS RGH EEL R, K5 E AR E K KR AR R
FERMEHER, TR LR H R &R E B 6 E A % E BT oS
Ao AR A A R R S A R UK A R K A R
BB FT R B R A R B T Y R IS B R B, B B A B B, L AL b Bk ik 3h
Fak s R A, B BRSO RE R, WA R R REH LK AR ER,

B SRSy L ERSE B EYRE, KN EERER BRI AR L R
ek, AFAE T RKARTEAESE KRB BV, R ushy, R EEAESRENH
KA, CEEEER. ' '

B eI R BT K K B e P B R BRI R A LA BB L 2 g
BEMSL, BN TENE B ESRSBENERIART. ARRNKERYRITE
HEHTL s kAT EENAREE BREY AR A, R AR SR, £ RROHNTFE
YR N Y, AUE Y EERERLNER MHERBNEE 5L WHRIE
FR AT BLARAR 8 AN K B B R B, B KR

BN A BN RN Y EE, BB Y SRR IR, EH L E TR R IEE
B.REFRATRAAKESAEEHBEIEE. MARLH A TRE SR RN EER
RS BRB ARKE, D AREDRE REATRENRRY ZRBE, KPR H=H
RAE,HFOR RSP A - RE NN - RE, B - RHLAGHT RBKEAK
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I IR B AT I R AL RE N R R B SRR A A&, 0 T SE SR
EERENOITT, RRILA IR LA IR REHII R AT B A0 BRI M HRH 5

KK BRELRESY FERFYE TR, EREYYREPE, SBE, S0F,
WETRENER, VEFEVEAKE L E KRR, VEERENAENRR KA
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3.1 PEENMFEHA

FREREST, B 1990 FLk 23 REER, ABTHERBKENEEST
H(PEEN). LUK FIAKBER B PEEN X8, K WD) ©f iR BUK £ £ R A E 2
Wi, AR MR = (Bio-Environmental Enterprise, BEE). & EE MR A

1) 5% 7 2 R IR R , B 4% 4 6 K B 78 65 3 38 4 A ( Soft Wall Technology, SWAT)
(B 3a); ERAAKBER il R R, SMOSHL RS 2 B8 m Rt A AYEE R &
BB AR A KBEEKE. £ S 2 RA S HER. FRAL WA 2) KA
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LB TR AL 31 (Mocaic Tochnology for lydis-Dioen, MOTHB) (/8 o) A A
(Technology for Reducing Algae Plume, TRAP) ( 4 3b, 3, 4 ) B S 4 9 SR 4 AR (L
mohilized Nitrogen Cyele Hacteria, INCB)!710- ([ 3,),
3.2 ERRH—RELRY
MELEAEHERERATaORMER
K EMHAT ARG TR TR TE.
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Fig.4 A pat of PEEN for removing pollutants
[ran the fishery ponds in Hongleng Lake, Guvang
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(1R B3 KM B 6 30k /i I, 2 [CHEERS, 2 1. Ske/(mi+d), R H 5
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(INCB)EAR . KB BA MR ARMIALEN B RO REN AT R - RMAHMIRHE,
BEENEET B RKKK - B R ERML - REUEHFEATEY R T RAE T E%
], Rk gy E Ak — FIRAE S . FIAT AR INCB S AR M B B K kB BAEF B
LA RS RE A REBANEARRESYHELE U YR AR ME g%,
—BRAFBECHL R T UFE R, 3 A K e 0 4R35 40 8 K T BR R (Most Possible Num-
ber, MPN) , B R EARMNE A KRR SEAE S GRELH, REFHEEBEK
SHYRE AR KETHE | -2 AR, AATE T 2kn LRBE S, @0 1-2
TEES. 2 16 A BET, BT B EIK B K DHEA R Bk 3 7 S 89 4k 40 7 0 S A 1
MPB $( 8 5 TR e sheh e b B4 i 2 B, B e J33K (1999 #F 10 A ) 107cells/L S840
(2001 4E 4 A ) 10%cells/L. ikt i O 4L BB FF 408 MPN J0R iy LR A9 10°cells/L 3 1021
10°cells/L.

BRIBHNEREEN LRSS, ATERERRZE2000F 2 AEF(E SIS RE .8
B JEE T E AT R L X 4 ) F MK 0. 568mg/1., 0. 011 — 0. 055mg/L, 0. 015me/L #1
0.019mg/L. TR HALRB MR 78 <0.02mg/L,NO, - N<0. 1mg/L,16 4-A B
— W, TR R 9% (H 6) SHEMNEHL, ZRE ZEH/ETH4-40%,
T#fG Chla TN 3. 5ug/L. E 2001 4E 3 A, K FEH— 5B, BRUEFREEKR
PO (E 7).
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Fig.6 Variations of TN, Non-ion ammodia and nitrite before/after PEEN at Houwu Bay, Hongleng Lake
FRFMEET L BEVRS, BERIBITR. TNRE SRR FERRIBEEY
B KPR ENE. KRS ERRRRGT RN Y. 52001 £ 4 BB, GFAME
400cells/L, ZL T £ M FHE 1057cells/L, REIEA 10 5L B 2351 4 2500cells/L 1
4500cells/L.
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3R PEEN A& L AM{F S K £ Y, Macrophyte; IR {5 & % , Macro-bicimitation; 4
¥ . Microorganism J % 8, Management) % CEAXBBRZS DN AEW HMAOR¥. B
ERERHEEN 1L FRBU0E, TR ERE R 7-8d AR V. VERER L.
£ pABnd, ERERERAKER, 60 EEWAHAT AT L 1k RBE R
KSR, BRIEEL 2 50 B R KRA . S €5 2 178 DUKH B i 9 (4 I 1 .
B Sk ) BHEBRURAKEY A THAKEEENBEAESEE FRRK REEEY &
MEBEERAINBEATRAD, BGGFHKE LR EEERA(TRAP), XHEREER

PR S T S T S S S S
12345678 ¢101112H
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Fig.7 Water quality in Hongfeng l.ake in relative scale based on Houwu Site in March 2001
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Degradation of Healthy Aqua-ecosystem and 1ts Remediation;
Theory, Technology and Application

PU Peimin ~ WANG Guoxiang LI Zhengkui HU Chunhua ~ CHEN Baojun

CHENG Xiaoying LIBo  ZHANG Shengzhao  FAN Yungi
( Nunjing Institute of Geugraphy & Limnology, CAS, Nanping 210008, P.R. China)

Abstract

Being the basis of human society, freshwater aqua-ecosyster is suffering of gradual degrada-
tion in many regions of the world. Most fresh water lakes and river net in plain are shallow waters
in China. There are abundant higher aquaric plants and associated fish, shrimp, shellfish, mussel
and other macro-hydroorganisms. Possessing prolific biodiversity, these waters were selected as
drinking water sources for many cities and towns in the history. But at present, these clear waters
in most cases have been degenerating into “desert-waters” in defect of macrophytes but dominated
by phytoplankton and other microorganisms, along with the increase of pollutant loading.

The loading of pollutions into surface water systems was increased gradually in comparison
with that before a couple of decades ago. How to restore the degenerated aquaecosystem for a sus-
tainable and healthy aquaecosystem under enhanced pollutants loading is the issue of great theoret-
ical and practical importance. The water quality problem is a problem of ecosystem. The target,
measures, approaches, key technologies and the feasibility for remediation of the aquaecosystem
were teported in this paper according to the research and experiment results on Physico-Ecological
Engineering{ PEEN) in fresh waters of China since 19900 The main conclusions are as follows:

1) The tmain aim for harnessing the surface waters is remediation for sustainable healthy
aquAaecosystems.

2) The main measures for harnessing the surface waters arc to carry out the Physico-Ecologi-
cal Engineering-(PEEN} and Bio-Envioronmental Enterprise-(BEE) in combine with harnessing
the pollution sources.

3} The main approach for realizing the aim is “sparks exploding” starting from local to larger
areas and 1o the whole catchment.

4) The key momentums for realizing the aim are 4M; Macrophyte, Macro bic-imitation,
Microorganism, and Management.

5} The beautiful and bright future with green mountains, clean waters, high level waters,
high level civilization and abundant resources in harmony development of social economy and envi-

ronment might be realized come-at able.

Key Words Healthy aqua-ecosystem, remediation of healthy aqua-ecosystem, lake eutroph-
ication control, Physico-Ecological Engineering{ PEEN)



