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W N cyanobacteria) JEHIER P R HILRDEE AFRAEY . EATH
FHKAVE R H b, IR BEYGRER: CO= I8 SR HLARfb &9, R A
A, W A A (chloroxybacteria), #54%#H: (blue-green algae), i
LA R (blue-green bacteria) FWEBEAEY) (cyanophyte) 55, WEBEREAAfF T —LL
W PR EE B G0 R 2 B0 AR R i A OB A H R4 Y (aerobic photoautotro-
phs) . (HJEFE FSRA T, — S0 SRR AE 50 & SR WG 1 IABE h A7, et s
PR AT R E R MR RE T (Fay 1965), 5 8 AY 32 B4R B3 R IR K ANV
ENTRETERUK . BRIk WK, v aB BRI IRK , DL HABEGE IO AR A7 2R
B AT, BN R R R TS A DR T A I R @ AR SR, T
AT — SRR AL A R AN AR BT RO AN (K (sheath pigment ) | #4111
HAEARN B R IR IR B P A TS REPE (Mour et al . 1999), U5 3 HAT TESTRE 1 4%
B kK, Wi, Ef) FAEFREBERES) (Dor and Danin 1996), W #ERE
HHAbZHIEY) CER., H&E, FINK, BTy . s mEmE) Bt
., MNFEA (endosymbiosis) BEIA N IEEAZ A Y SRR FIZE R AR AR IR (Rai
1990, Douglas 1994), WA JEME— AT LLSEAT AR ) BT AU 2K

WERRT NERA 3 A EEIEMR B 2% . BT EEMgE ™4, JtRA
FEEFRUIME, [ R TR YR 4 BR - HERUKARAE g 05 R A+ AR
(Rai 1990), W5 PEAEAK MY A FUK FHBE A J7 i HATEAE R AN (B, (H
B YA, NREUK R CREMEAE AR KR E ) s o B Bk AR
W, 2 NS RAR RS E T , 3 FEIE P — L S i e R 2508, s Ay
WE¥ (Anabaena). TR 22 35 (A phanizomenon), LA B i (Clindrospermop-
sis). R (Gloeotrichia) FITTEREE (Nodularia) ; AEFEEIIMEESR: (Micro-
cystis), Hi¥E (Oscillatoria) T 2235 (Lyngbya) 5 (Paerl et al . 2001), —
PR R [ANfhE R R (microcystin ) | AR HK (WHO 1998, Chorus and
Bartram 1999, Carmichael et al . 2001) B#ERE 275 YL K it ANAA, 5
1o N (Chen and Xie 2005a, b, Chen et al. 2005, Xie et al . 2005, #F
2006),

SHATE— LKA CREIR BB FRADKIE) hABER S KT, BB
TR ? &5 Rk, ARXELLSS H— BRI BE S, B TART A A Yy
B/ DM T P EE GRS BTEMAL T ), B, X sere it
A s b ) — 2635 B RRME I T AL R o A R AR AT A SR A R
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— . AR A — SRR

1. 5 9% 20 o 09 4 AR AT

RIEAED A AMIETHE . AP IR, . R4 (prokaryote) Fil
HIZEY) (eukaryote), WEWE. AHER . WANR . MR, LR, BRHEAR,
SORPRHA ARSI T IS A . DA% A W A AR I 4 #2225
FTRI AR 22 o A% 5T M It 22 ) JCAZE DA T TG B O AR 5 AU I P A A
PRTIBATERIR, AR TR PR SRR RS o ARAE N B IR R SERR
WEAN TR AT SRR — B o A0 A5E ARE T A, W A TR TR 2R R N A O S A
M HAWEE RN R R R SE E DL S AREE TR0 I 7E 40
R AR e AT RE A,

VE R G A ) 1 P B = RS 25 M A I 4% (membrane-bound organelle ), Rl
DA HIERAIARL . iR s, (R EATRE IR BRI (oxy-
gen-evolving photosynthesis) BEAT S A EBIEAZLH R L &MY 2L (Fay
1983) , HUIHOIA S R BRI, WA AR A% 5 B 2R 5 At A% A i 7 38t
G5 B —HE, & FRIR DNA 537, LS BRI, A5 mSEYAHLL .

2. BHEM A RE ARG F

TLAE 1874 4F , Sachs DI AEA (R EEAFAEE S T #H4Y (Cano-
phyceae), 1879 4, Cohn #1377 24FHAEYI ] (Schizophyta), FrAR#E 1 FEAE 2
AR, 034 (binary fission) N FEAFE 0, EPR XA TEEE T
Y (bacteria), Wi (cyanophyte) FIfEEE (yeast); 1957 4F, Dougherty #
W R R A IR EAZ A E Y, 2 19617~ 1962 4F A S0 W e A0 40 M0 244 1F L B
IWEREZAEY, BEH SHME e 3, R IHEER (Stanier
et al. 1962), 1974 4, FERUEAY (AZRERANER 2% F M) (Buchanan and Gib-
bons 1974) FIERINH T LAY R (Kindom Prokaryota), HA L 4E 1 #4540
1] (Division Cyanobacteria) FIZH ] (Division Bacteria) (551 EF 1990),
B2, WS —mRVE A B — DR . DL (EBREYIar 4240 A
Padn s . RO ALY AR ) 0 262051, B P AR Rt Tk b LUE S
N EMRITE R T AR 2 LR 2 O RERY , (H ARt = FA= Py f 4
PAEMRATZ AR, I, A5, s RS2 B8 0 200 A A 2 i
BRI , SRR PR AN NS (AR Z R EHEE (Fay 1983),

PUE C 2 E AW B 294 2000 Bl (Graham and Wilcox 2000), W 9% 5 A i
K] (Cyanophyta), AN A 14 W4 (Cyanophyceae), #5744

2.




WG4 0H . AEREH (Chroococcales) [ 1-1 (A) ], HidE H (Oscillatoria-
les) [K 1-1 (B)], &¥k#EH (Nostocales) (& 1-2) FIFEA#EH (Stigonema-
tales) , J7 = H I ESS AN TE 22 R T4 , &2k H A B HIE L
JEEESL T (akinete) B{SFHIE (heterocysts) CEHISIFIZLEN.LY 2006), JEREA
FHOA AT —FIRIRANML , 175 B S B A O, B R AU A 7 4
JEEEATT- (Graham and Wilcox 2000 ),

B1-1 SR TR TR K A i R« e (A OFIEREE (B) (& Jr th B ZEWT )
Fig. 1-1 Microscopic photo of bloom-forming cyanobacteria from Qiantang River in Zhejiang

Province : Microcystis (A) and Oscillatoria (B) (Photo by Dr. Zuoming Yu)

K 1-2 faEEE Ay (& H Dr. Hans Paerl $2415)
Fig. 1-2  Photo of Anabaena (Photo by Dr. Hans Paerl)

I3 ¥ BRGS0 A R LU e A A S A 2R W A LA AR W1 DN A TR 51
BONTFTRE, 70§ R RIESE R, R T HANE M —28, @ik xf 60 ZFA
[FIZHPEY 16S tRNA JEAN ST AL A 547 AR AR an &1 1-3 P, T —H

e 3.




JP 8 A S B AR R — H BE AR TR AT e R L B A . S AR AE R — 2k
¥ (Woese 1987),

ST (Green bacteria)
T (Flavobacteria)
Bﬁﬁi@plrochetes)

E le bacteria)
BH %p(Gram positive bacteria)
FREY (Cyanobacteria)

Prokaron —#i T (Deinococci)
rokarotes |%ﬂq}zﬁgﬂ'éi(Thermotogales)

H 4 Bacteria !&?

E‘Tﬂ#?ﬂﬁ

Fi# i Archaca 1 % £ B (Extreme halophiles)

] 7= 5 B (Methanogenus)

] i B8 B (Exteme thermophiles)

HEY)(Plants)
Tty ELE(Fungi)
Eukarotes 51¥Y)(Animal)
EE Y EE,(Clllates)

H@.«Ui?ﬁlﬁ(Cellulor slime molds)
— 37 1 (Flagellates)
T Hy(Microsporidia)

K 1-3 FoMRA A sEAess , oA FE AN A YRR — R AR A AL E Y 2 (8]
HIUEIEH RS (51 H Woese 1987)
Fig. 1-3  An unrooted tree showing the evolutional distance between the two major
groups of celluar organisms —prokaryote and eukaryote (Cited from Woese 1987)

HHMIE Thermotogales

S0 AEH M Green non-sulfur bacteria

BRIk Cyanobacteria and plastids
% G+C ¥ 22 FFHHM: 41 86 Low G+C gram positive bacteria
AT H Fusobacteria

BEG+CHE 24 PR 495 High G+C gram positive bacteria

WGk L T/ 28 R A 2 B/ AT R
Cytophaga/Flexibacter/Bacteroides group

214 4 B4 Fibrobacteria

W2 JE4A Spirochaetes

PR E W /&R Planctomyces/Chlamydia group

S M B Purple bacteria
Bl 14 A4 16S rRNA FEF P AR ZGM (S1H Olsen et al . 1994)

Fig. 1-4 A phylogenetic tree inferred from 16S rRNA gene sequences
(Cited from Olsen et al. 1994)



RN 168 TRNA FEFF SR, #5311 DEMEHL L (eu-
bacterial clade) Ff—5 (& 1-4), XALAERE T A o] 4 w5 A1 Al 20 P 7 20 if 2%
FRVE R EAVFZARIZ AL (Graham and Wileox 2000),

R4 16S rRNA JE5I LA AR T DNA ) RNA R4 (DNA-dependent
RNA polymerase) (rpoC) FERR LR, FIRFEZEER a #1 b RSk A
REAC, A 5HANIE R s MPrAIE A CRRRERL ) (YRR TE
AL RTINS | 5 06 5 A
SAIEE YA (Wilmotte 1994, Palenik and Swift 1996),

WEHR T RO A R AY . RAERDCEE A IR =28 Al
(purple bacteria), ZR4HE (green bacteria) FIWEANTR . WA WHEAT =20 E1E
I (oxygenic photosynthesis) , TS40EFSRAMEHTTA P EOCEIEH (anoxy-
genic photosynthesis), W LUKAE A H b1, 17T 5% 200 AR 2 48 T D)2 ] — 4
WESRF s E. B, EREHYD ERRFIMA GulRETE 2002),

3. Wk 5 EAE RS

HRAE A TN AR R e 0 R A W T AE I & 35 Z4F AT, K
29 20 ZACAERT . AR R EZAEY (Knoll 1992), MiFfb F . #EEI240
PR S Z (RN ALHY . AN EAZ PR 284K (chloroplast) SEAC IR T
W (Graham and Wilcox 2000), T4, AT H A A LIS i B e 2 () e
SR BRI

Free-living bacterium

¢
©
l

FWEPEE R
Phagotrophic eukaryote

E=y TR WS

Mitochondrion or plastid

K 1-5 FIRNIE R R TEIE . —A> E e A A 20 B — AR W P LA A £k
A AR — LA (5] H Graham and Wilcox 2000)

Fig. 1-5 A diagrammatic representation of the process of primary endosymbiosis , in

which a free-living bacterium is incorporated into a phagotrophic eukaryotic cell and

eventually transformed into an organelle (Cited from Graham and Wilcox 2000)



(A)

# > | g
Eﬁﬁ?@ﬂ{ﬂe @ 5% Cyanobacterium
o WHPSEE
rimary endosymbiosis K
Glaucocystophyta
AR
Rhodophyta

ARZRE
Chlorophyta
Modern Green Algae

Modern Red Algae

(B)

RPN
Secondary
endosymbiosis|

S B
Chlorarachniophyta

e
Heterokontophyta

=HAILE

[Tertiary endosymbiosis

ot M
Haptophyta Haptophyta

L3
Euglenophyta

@ PRI

Plastld with 2 unit membranes

- Plastid with 3 unit membranes
@ IR

Chl-a, b& Chl-a, ¢& | Chl-a, c& Plastid with 4 unit membranes

Carotene Peridinin | Fucoxanthin @ % Nucleus
ek FHl 3 Dinophyta ® Z#%4k Nucleomorph
Apicomplexa @ £%i4A Mitochondrion

[E] 1-6 FAZHRIL R SEA R A, BEHEANTE T AR AL AR S 80T S 2Ly
» WS IHEEREL , B WGt A AL R g e &, HAR i — A0 SOl
A_Fﬁﬁ GAEYIRIAEYG ; (ntQTQjc T R AR ) UL T A 1 2
K. G, BREEAUEHERE (31 A Delwiche 2000)
Fig. 1-6  The basic pathway leading the evolution of eukaryotic algae. The primary
symbiosis of a cyanobacterium with an apoplastidic host gave rise to both Chl()rophvte
algae and red algae . The Chlorophyte line, through secondary symbioses , gave rise to
lhe green” line of algae , one division of which was the predecessor of all hlgher plants .
Qecondaly symbioses in the red line with various host cells gave rise to all the chromo-
phytes , including diatoms , cryptophytes and haptophytes (Cited from Delwiche 2000 )
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(Van Den Hoek et al . 1995, Graham and Wilcox 2000, Palmer 2003, SIS F1
BREN.L> 2006), HA LR E AR T A A7 5 AE £ (aerobic phago-
cytic protozoan) RHUHERE , 1 THEANE A L e A MR B A OR B A 7E
MR A B AR R AR A BB FE A (primary  endosymbiosis )
(B 1-5), NFEAE A5 S M B R M IR A o B B AR FBE A A B, T i 21
BN (food vesicle) RN BRI AME , XA B XUZ WM BT 44T A=
Rkl ZUBERIEE . It X =R RGNS Y (B 1-6), T
WHIRGNIEA (secondary endosymbiosis) JEF8 W A A U1K BAZ LB B A 4
MBI E G . AR R NS A R IRAS BB . 3Rl AR
Yt e ) S

T HuEkAs e RGUR RS WA N R R
eh H A IR

L. & 7 P A 2 A T o 00 3 4 AR R

KBAZRIEH 50 ACAFRT I JEAR B~ BRI A . AR G IE 2 BT A5 K FH k27
AR, HEFRICERE H, HIKE He, TR ASL, —HZ AN 98. 4%
(F1-1), T RHEREEHE 0GR STE N, HERIE A0 F B 55 25 8]
PSRN IS, PR b3k B BN % 2 — DL H. He M FEM, LI H
B AP R B R R RS 5 BRI E A B A AME— AT Ay (Rl e
FUEEASOOCAERMY) MERR, DEAESTAINRIRG AR, HER
7K R RAE I o B R IR FE B2 K PN A 45 K 2o LU R H T 2R 4
M, PEHED . 2/DFE 38 ACAFRTSNIZA /K, IR A PR TR — oK AL
| 35 ZAFHITI , KEOLWZ , W/KIME J#E X 1997),

F 111 KPESMEBL T EME EE

Table 1-1 The relative abundance of elements in the outer space of the sun

FHXTFE Relative abundance /% HXFEE Relative abundance /%6
TR R THEA . = JLE R FHH . =
) e B A ) i B A
Elements In atomic Elements In atomic
In mass % in mass In mass % in mass
number number
H 28 000 2800 78.45 Si 1. 00 28 0.078
He 1780 7120 19.95 Mg 0. 85 20.7 0. 058
0 16. 6 265. 6 0. 74 Fe 0. 80 44.7 0.125
C 10. 0 120 0.336 S 0. 40 14.7 0. 041
N 2.4 33.6 0. 094 P 0.07 2.17 0. 007
Ne 2.1 42 0.117

(3] A SCFE 1977) (Cited from Dai 1977)



MIAEHBIR ARG CR A BCKTE , A h &R Z/ 8 MutR (0, Siy
Al, Fe, Ca, Mg, Na, K) HHANREHSEHER 990 DL E, RAPHESH
A BUATRAY 99%6 DL, JKEEILL O, H, Cl, Na, Mg, S HMLERK; 4
P E & O, C. Ho N, P S, Ca, KAEJLER, WL, L)) iz NI
BPOCER , (HHEBCG WA EREE (R 1-2) (Fk 2004),

®12 HAREVEIBTZHESTRESE
Table 1-2 Mean abundance of elements in organisms and the earth’s crust

AR 5 it AR 5 4
KT R Relative abundance’s (D8 ES Relative abundanceXt
Macroelement GRX7US e Microelement 'Lk M7
Organisms Earth’s crust Organisms Earth’s crust
(0] 62 46. 4 Mn JE 1t Trace 0.095
C 20 0.02 Fe JE T Trace 5.63
H 10 0.02 Co JEHE Trace JEHE Trace
N 3 JEH Trace Cu JE i Trace JEIE Trace
P 1.5 0. 105 7n JEH Trace JE e Trace
S 1.0 0. 206 B JiLiE Trace JRE Trace
K 1.5 2.09 Al” JE = Trace 8.23
cl 0.5 0.013 v JR i Trace 0. 0135
Na 0.2 2.6 Mo ™ JE I Trace JE I Trace
Ca 0.1 4.15 " JE I Trace JE I Trace
Mg 0.1 2.33 Si* JE I Trace 28.2

% HAFAEF 586/ Y) Present only in certain organisms
(51 1 K5 = 2000) (Cited from Fang 2000)

2. Ik AR RAENER
1) HEaRyiEE

W HOE IR Ay RGP, (RIS Z M ) 25 M BRER BT A bR A A
R, KT PR L ERIAEE 5 A R SR ARTR] . HbreNINDE R . SEARTIE
SRR R #T I LA CO: R BTt RSB S I RS 0N s R R TE
IR, TREES 100072000 m, HEM K i B W K L2l B (>80T );
i 55 58 Z AT B RS I ) B A4 5 TR JRC/K RS TG 2l 2 (IR <Rk
PTG SIS EE 2 /0 5 A5 TERARR B ), IR Bl R 9 3 SR AR A Ak P itk A
W s WACRIR YRR . & HeS, Hey CHey NHY KEFEEEF, WHELR S
A HCN, HCHO KFEEHHLF, Bk AR O, kA ar o] e I8 71
JR K AT T B A RRBR AT L IR AT AL (L T b BE 55 1 . IR, Bk b i
ST R I AE R R G T AR LAKRE F SRR R AR . 23 A TR
IKIABE M AE RS R G (5K 1998),

I, At F BRI AR BB E I AE Y T AR . BATTTE 80~
HOCARK TR CEZETAF 2004), 7F “HBIHE”  (black smoker) FIT Xk, i
e 8



Y. R PR ARG A B R E (chemolithoautotrophic) (Ul Pe-
lodictium ocultum ), WJRERA LT 105~ 110°C iy fieifi 4= K (Danson et
al. 1992), TERTEPEIE /K #E AR 3X10" kPa FEFH1 250°C I RIR A& T
E AR AT LIEAE (Baross and Deming 1983),

BT —E R st B T e AR p R, B0, B 50°C RYHUR
A KA EY R 2R MR AN S (R 1-3); TE B 90°C YU SR AT AT BORh 5 e
(B EIRIEKEE  (Synechococcus lividus ), W/NEMPE (Synechocystis minuscula) ]
A RBrzMIVFaRLL 1997), Blfe, “SRUNE” BRERZ Y EEE
SC, B T Ik B E R ME— AT R L P AL RE A R REGE (Peschek and
Zoder 2001),

R 13 EREREDZINESEE

Table 1-3 The highest temperatures that the thermophilic cyanobacteria can tolerate

& Species IR Temperature/C SCHk Reference
2K B Chroococcales
@ERBE Chroococcus sp . 84 Copeland 1936
AR B Synechococeus lividus 68 Brock 1978
74 Ward and Castenholz 2000
90 XS e FIVFAR AL 1997
YN RIREE S, elongatus 77 Brock 1978
BNREREE S. minerae 60 Brock 1978
KN LR ER M S. minervae 62 Ward and Castenholz 2000
70 Castenholz 1969
AEFLRERIE S. eximius 83.6 Castenholz 1969
We/NEMLSE Synechocystis minuscula 90 XSt 2= R4k 21 1997
TK A BB i Synechocystis aquatilis 50 Brock 1978
MR BRIEREE A phanocapsa thermalis 55 Brock 1978
8135 B Osillatoriales
HIL P Osillatoria terebriformis 53 Brock 1978
55 Ward and Castenholz 2000
72 XS 2 AVFARET 1997
MEFEREE O. tenuis 55 FRAE 2 TR AR L 1994
PIWESiEE 0. amphibia 57 Brock 1978
WALE#E 0. geminata 55 Brock 1978
RRIXWHE O. okenii 60 Brock 1978
Uk B O. amphigranulata 2] 56 Ward and Castenholz 2000
BEEBE Spirulina sp . 60 Brock 1978
S. labyrinthiformis 51 Ward and Castenholz 2000
JEBLE . Phormidium laminosa 60 Brock 1978
2 62 Ward and Castenholz 2000
HEOMEH P purpurasiles 47 Brock 1978
IR K223 Symploca thermalis 47 Brock 1978

. 9.



LAk

S Species I Temperature/C SCHk Reference
F Ik B Pleurocapsales
TE BRI Pleurocapsa sp . 54 Brock 1978
Bk B Nostocales
JH#E Calothrix sp . 54 Brock 1978
Zj 50 Ward and Castenholz 2000
E &% B Stigonematales
LS Mastigocladus laminosus 58 Ward and Castenholz 2000
65 Brock 1978

Sk B AEYIS: (paleontology ), HIFi%: (geology) FIHEER{L2% (geo-
chemistry ) AYTEHE 2 B 3R 3¢ 7 A% 48005 2 a2 B s I %) . DAY 400 e = 2 g
S FN WA PR, A BV TR B 1) 1 P G S SR A T I () AR B ATH SR 2 DR
RIS, DUSShERAE AT AT BRI BRI FA AL RE B R 0 ) AR e
K&, WTREITA NERS YOG AN [ A (eobiont) BUEIAANME (protocell) ]
PR R — e AR B = H A B Z R (A5 IS f LB 4R A Gonizing
radiation) ] FYIEML F IR (Peschek and Zoder 2001),

Q) EBRENT R

AAmEIEE . RS RENY R, EEAMME. Moty S5a R
IRIIALRE A SR AT BB A4 2 0. MIXTERE AR S RESE . TR BRI
YR, RS RGP R NG EBRIEIE , JERIT 4 H R
TR 07K RIS SR AL R B 35 10 W8 A W AR 28 R G KO i R DA RE O & A7
FE . BB A A AN KT REFEAZ B F S AR ARG 1Y . AT MG Hb R RIS 2 . 7T
HAOCEVERIN A . ESEFDCE MR IS , RIS LG MEY
HEBRGE GRIET 1998),

AR A ENIRIE TR CIRHLR [ K23 A S8 IV 1 8 4 SRR 38 114 25 51
JETCREEIR) MR, TEENI VPR (I3RS 8/, &0 TRk 1242
R R E R E R IEE GRER, BRAE) GX LI SR s fid 7 18 i ™ 8 iy 7k
PR WAL e (Peschek and Zoder 2001), BIZEIE KAy H b, 15
R R 02 TSR IE RS rPAR PR A E HITEAE . RAIIR IR E I, W
SRVOCAE T O G S FBRZV AL AIFE O 16 SIIFATAAAE T U Z2AL4F , IR
T gl AR LA RV

nCO: + nHL 0 (CH: 0, + n0: A
0: +4FeO— 2Fez 05
Fe: 0s + FeO™ > FeO « Fe: 05 v (REERH)
BIEATEF A8 0 RPBE Fe' BALP=EREERE ITTE . FEOM S X —HYE
e 10 -



T S R ) S RGBT DAY (R L 1997),

KREYTE 26 ACAFERT , WA BUE TR, HEVE B i1 B ik B2 vl AR I A5
BIE, (banded iron formation) RHEM, FEMF L2 H AR LM (UV) B
FHAD A EAAE B =N RDTE . Bk S S A i ss & . X — P
TP FHSRAREIN AF CTOTE A R PR R AR B 5 BT X RRATTAAL , IS B e A vk 32
KZ)H 0.3 pmol /L, T BLAE AR FE R 2.3 pmol /L s I, BIA 72
R E B ABESS . IR A Bk BE bt R B R AR ) — R, Y
SR UKIEHEE AR DR AR, (et S BRI A B 2 125 G A B A R, (i th
B ATy Y 1 (supercharged with phosphate), X —FHEESA (fixed nitro-
gen) WE N IRGIIHA =1 EZITHR  (Falkowski 2002), X ATRERW], #EiE
T3 S YT 28 A e v AR B S R VR B 2 IRl PR LS, PR Pl 7
MAG T XSRS R AL A Y& AL

BRIEERAIGR AN . Z ] BB E AR — METERHL TBF (electron sink), &
A & RAE AR LG T2, BRI AT ZAEYIE 50 (biological
signal molecule) , {HEATEIEAE A ML (Falkowski 2002), A4 P& [E 2
BSIALE AR T D, 7 50 KA VE b ] BE AR D s AT [ E B A
(Kasting 1993b), W T2A — 1 EIMRIHE TR (UV cross-section), 1M 7EKZ)
22 ALAFR 5 R PHF A 1 2 MR S SO 1 R R A s, KA AR B A AU
PO T (Kasting 1993a), P, GSREA [fE S AW FFEAtey . Fibh
BRAYLE At 232 B ZUAIBEAT (Falkow ski 1997),

] E A AR LT D 20T R A A EE L, M b, T
AU R I 5 i (dinitrogen reductase ) LIV IETT Gron-sulfur cluster mo-
tif ) AR AR AR B DA P8 o 3R B BT A B ] R e U T ] A
A s ZEVE AT LRI o 2B FHE B K Tb 5 P e Ak ™ A R SR U i
M .

2N:+ 4H + 3[CH:0]+ 3H:0 —4NH/ +3CO:
PRI, [ERA T R — G R, ERU BLLART , 2R R YA B A —
TeOL W s DRI ATRERN R TARZ &, A RE Rl e i it S 3 B2 S A6 B
AICEAER s TETUAERS TR, [ AT RE B A b 25 BT BRI 5 7E b3k Iy sl v
X I P RE A T v O — SR I A 2 (8 S A R BRI 9 A 7 i &G
IRt — LB PEREE L) 4R (Falkow ski 2002),

RIRRY AR T i 2[5 1Bk 5 BN O: Y LLIE [RIDGEW (photosyn-
thetic quotient)]o [ R3] ) R & B FAE SR EE R 2, [ AR = — &
RERCR AT (2R AN SRR RS A, X — AR T O-
e (R 1-7), M %L (half-saturation constant) 2~ 20 Mmol/L; TER
AR EAS AT VE Ry S A A v P AR A B, P 2R &R N2y X —

e 11



RN O JRAEURAY , PRI A B2 R 5 pmol /L, XA, AN
JEE—N, CHl O fEAYE Bt DL Oy 325 B i) AE Ak s i iz 1 6 R A —
# (Falkowski 2002),

120
o Trichodesmium NIB1067
A Anabaena cylindrica
100 = 2 m Gloethece
e Trichodesmium IMS101(ours)
[ ] All data
80
— Poly.(All data)

60

fE SR

Nitrogenase activity/%

40

20

%% Oxygen

B1-7  PURMEEAE R A S 0: ZEKEER (K Tlana Berman-Frank $24)
TERL, 15 2500 020K . [E%0N Michaelis MR BURKAE I —F . 025 B & 2 18] 19 KA i 7E
R i % BRI 023K 2
Fig. 1-7  The relationship between Oz concentrations and nitrogen fixation in four

species of marine cyanobacteria (Figure courtesy of Ilana Berman-Frank )
Note that at approximately 25 Oz, the N2 fixation is half the maximum Michaelis rate con-
stant. The feedback between Oz and N2 fixation potentially constrains Oz concentrations in the

earth’s atmosphere

W& A TR SO BRI IE BE R 5%, B 1R 2 20 {Z4FHT . Bk R I8
AARBI R R TFIREAL . A ACRZL TR e B s [ i A  1 2 rp tE B
AARRRFERS , RABINZ N REAZWICL T, SR R s , X
DGR MR QAR WRCHIE G WA . PR A TSRS
SR R e, MK SR IZ BRI AR A R G M IR AR S R E R (R
1998),

AR e, RS IR A, (HORE AR A LAY . AR A
AW (protist), FEZREFHL (worm)  (fUAX Sz BRAETE N A5 IR B R S8 P05 ) aod 2 v
IR RE) . WA JERIIREFH  (primary anaerobe) . MIXTVFZIUAER DAL
W REBEGE A (methanogen) ] SR Ud, H H1 AT AR BAT w5 B2 A A] 30 2 1k
(Morris 1975, Balch et al . 1979, Cadenas 1989, Wolfe 1992),

. 12 .



3. MR N R ELMOLE B A WILE

HIERFIRBH R AE 46. 5 AZAETT I IRIE . MK SRIATE 40 12~ 38 ACAFETT A &
W 5 AR E . AIELEAEST ; FUERIGLR TR, 78 38 {Z4FHT, AWA
PLE MBI (Schidlowski and Aharon 1992, Schidlowski 1993 ) 7 KA
PG HB Apex KB A HAFTE M By 2 IE BAb A A 35 AZ4AER L (Schopf
1993),

Apex HAHLAE T & MAHIN Z A0 22 R 1K
(1 1-8) , IXELLZIRIR G FLLEACHEEE (AT Oscil-
latoria) » VI Je—SE ARG A AR 250l 8
Hgeit2= i gt 5 AR LR i o
THK—6) FEH GRS BT 3§
BRI, JURMEA AR T RERL R i, i,
AT A EARUPE R T IR Apex fbf1
AIREACER T R I A R & # (Schopf
1993),

TERAERYIT PL L% 22 B AF  (Swaziland Super-
group) FRRFE A FELRARAREE (Warrawoo-
na group) HIRREREL A H & BLA 2R AR 19
Z)24 (Stromatolites ), &)=2A (K 1-9) &
WA EEAHA A ) A A G B ), — PR
G EAE RO G A YIAFAE R AT SRS s RO
RAIEUTRUA MR 35 129 WTEL g ot Apes 2022
HRREAO ARy 31AL™ 33 ALAF (Awramik et g 55 f2tpiioqerr . S2miE S
al. 1983, Awramik 1991, Schopf 1983, 1993 ). 1 @1 Schopf 1993)

JeEVEF R BRAL 0 W UESE T HIER | Fig. 18 Filaments discovered in
BOCE AFREY 2R/ AT LLEIIE) 35 /CAERTEEE the 3.5 billion-year-old Apex Basalt
F. (Schidlowski and Aharon 1992, Schidlowski in Western Australia, which resem-
1993), i3 rp ARk G 2 32 5 L FhIE RAFAE . ble filamentous cyanobacteria (Cited
AR IR » 55— L from Schopf 1955)
(REBLER ), VIR ik s JL-F- 4B 2 4=k
A BLRR . ABRUTBUA A D34 & iR 0. 526 ~0. 626 . M 38 {ZAERTIE L
AR B 22 IR RBT (Isua) S5ty B0 BB AR Sop TS . A LR & e
0. 4% ~0. 620 288l , QRN A A B IE T 0 7= 7 . T LA
HEWT , HbER E A e I BRI BEC A 38 AZAFEMII R T,

F—J7T . A B IR ITER IO LR A A DUk ) A rh R s e A ik [m) 7

.13 .




K19 e L (A) FUKTE B) MEREA
(Bl B Algae & Cyanobacteria, http://www .botany .hawaii .edu/faculty /webb)

Fig. 1-9 Stromatolites on the beach (A) and under water (B)
(Cited from Algae & Cyanobacteria . http://www .botany .hawaii .edu/faculty /webb)

RN 7 %, BEEATC.UCY C SRR, AT
BR 98. 8% Fi 1. 11% , i C EA MU, HEERDN, ECEERT, ik
ComxFERER Co) BoEE, W C EZMIEAANRLEY . MU C BE
FERRPERR , BEMTUORE ORISR . X R oME 2R R AT A EH R CO 5478 R
BRI ABHE R AL RN T, g SRR A WA HURR PR T ICHURR e /K T A
HCOs AR CO%) W7 C EdE, SEUTHLERR O C Wi fd, EWAa
HUR SRR ER A E AT A2 D e VER G, TR R SRR, AL
fik 8 C [ 35 AZAERTE S A B AR AL TF —300. 7%~ —10%0 . 33X AEE AR 3 B2 3
REPDEAVEREE CO a3 BH A=A PR 8 C i, 38 AZAFIE A 75 b 7+
AP B 8 C EISRE . (EHARIARFTE —10%. LT (5K 1998),

= T HLERAE MY L SR FH A SO R Geit Ak

1. BEWERMEE

WE BT IR AE Y BT AN A S o 72 bR SCHEPEVE FH B A= 0 26 . ool i
(Proterozoic Eon) HYHbBTREEZ — e KBNS 2 AR Eh T, et 54
O RIRER T, BIAL ] WL EE R OGS A FRRAEY) (BRI
AR SIS AEYRE (B 1-10), HAEX S 2 A T w & Ge k2] i 5 00wtk ik
A1, P — W gRRrE “EERm L GREY 1989),

Tl R, PRI AR AR O B, W SRR IR AR Y, TR SR
FANHEYIRE AR RS (microbial mat ecosystem ) ; JTily i, BRI, RAJZIE
e 14 .



B . WK SR I W R B AR ) A A B R IR R R
,E\: 1‘2 i élﬂ H@ E/‘J {% wﬂ:ﬁ % 5 }Eé 1:@ E/‘J Ei 77% j‘JF ;[f? ; fl] Relative abundance of stromatolites

HRAW , 6 {2 ~T LR, B RE

AT R ST, BRI R RS, e

fRgfoe, P, AR R Aol 5 B

IO TR . B IILATiES: k2 g

35 AZAFRT) BRI ORLY 7T ALAFHD . &

Vilik 28 2R 2 A, G T il ¢ o-

FoR%5E (kR 1998), E
Eﬁﬁ%%ﬁwﬁ’ﬁﬁeﬁ%iwﬁﬁlé

IEAERAIRER Wk 4, JEdes] & o1

BRI E A RS B

PREORCT BB RAETTE | nmiags o ek con

ARIE D] (20 ZAEHTD KA I AAL . I

H & RN, S B AR IEAE T | <—— HuBRSEYE Origin of earth

K0F (B 111, BB EEY (BRJBIRT

5_

JEARTRRAE I AR IR EE ) BY BRI , RAEWK ‘
[ 1-10  Hb s ms[a] i & )2 A0 a9 AE X

FEREL T RIZUA G N . 2 Berkner-Marshall i N
4. (Berkner and Marshall 1967), KA A9 $Fi %EEE‘J@EEHU%@E%@
i X [ELZEHTIEIN , TERZ) 8 ALAFRTIAE iy
O W EHMFNL 206 VIV, SAATIFE S 1o i e 25 9075 10 oK
TEBHITAT 45755 km A G — N IR ST R4 (Bl Awramik 1984)
2, R IR R R Z A F UV (2007~ 300 Fig. 1-10  The relative abundance of
nm) L‘J\&;E Ej(ﬁ:r‘? E’\Jﬁﬁﬁ%%%ﬁ? , j‘JFfFEJ}:F stromatolites plotted against time.
TR AT T 2200, AR AE R B 9 A2 The number of stromatolites gradual-
£ (Palaeozoic) FFURIT—AE (§FHg 1998, Pe- ly increased throughout the Precam-
schek and Zoder 2001), brian with a maximum number occur-
T A M T . e S ring ab(.)ut 800 millio.n years a.go . af-
RUKIGIEEE R, T i gy er ey rapidly declined o
B AR | S TP COu RS modern-day numbers ( Cited from
FEARE S, R COMREEE L TR, Al
REAL S R R IR BE T T .t ORI R BRIR ERITVE , WK b it . BREg Tk
JERRAR . pH RAEM, ATLGKAESE , WERBCAH WA, AT BE A 7 A0 AH
X RS RS . SUATTRE™E4 H REUR CO: &, B A H AR R,
WAT]REA J5 AR L) B T E S i ) AR Rl (5K 1998, Peschek and Zod-
er 2001),

Awramik 1984 )
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PAL. 4 3 2 1

1.0 {
| | |
[ wieRany | kg | i SR R

Upper Precambrium  Middle Precambrium  Lower Precambrium

Berkner-Marshall B s (B 2E 42 )
Berkner-Marshall-point
o1 (Terrestrial life) ~

Y]
Prokaryote
Pstetur I 2 (O,
Psteur-point
W (O,-respiration)
Cyanobacteria
0.014
HZEY
Eukaryote
e AsE 2\ Tt/ === >
Pil'ﬁ”gf‘;ﬁ: ———————————————————————————————————— -
otosynthetic
: KA
oxygen production Oxygen in the
\ atmosphere
0.001+ -————

4 3
A (10°4F) Age(10° Years)

Bl 111 ik 40 fZAFR], ERR IR . PoAL L M BHER R SRR O
21% . V/V) (31 Peschek and Zoder 2001)
Fig. 1-11 The oxygen content of the Earth’s atmosphere during the past four billion years.
P. A. L. , present atmospheric level (fractions of 21% , V/V)(Cited from Peschek and Zoder
2001)

2. KRG EN

RGNS TER P RN MR —RARE SR EFR, T2
FEAETa MY, BRI RN -, SERG MR & 2 5 s
DI AR KA R P AR A SRR, PR A AN E LA He S 28 4E R RIS TR
BEAREEER. 2

COs+2H:S —SCH 0428+ H 0

TENCAAERIH RIS G REFE AR RO X RS Ak e & AR T B IR e
T, BRIV HL (reaction center) , JRAEDGEMHFEAGE IR H&5H —Fh
NHUDE AWK (& 1-12), WA AR Y (BEEME., SIS
Y1) #E AR L E S, ARG RS T (PST; K 1-13) ADERS
I (PSIL; B 1-14), 7EHEHE. S0, 0BRSS MYRDGEAFE T, PSIL Y PSI
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B EE RS SR (0. 4~1.7) AR, BEFR N HOES S A H B SN O i2g
Z, W PSI &4 P700, PSII &4 P680, ITAFERUATFREM, PSIT SAHEAGE
RHOZEL, WRE—DEAMFRASER) (Buchanan et al . 2000),

YA 4R
Special pair of
bacteriochlorophyll
BChla A {AMonomeric
BChla
HfAMonomeric
BPha

100~200 e
‘ ' -

Bl 112 AHpE R e L 198 J1%% (31 H Buchanan et al . 2000)
SR F IR T P8G5 WML RERE AL . 5 Tt 2 BRI M S K 0 T (BChla) . Z S A& 4 A 25
BEMER R T (BPha), AWM KLTE 1 ps, K. LB??'E%E%%?A*/\WQ? Qa. ZJa

e 25— BT Qu. X — R 200 ps, HLTLdh HUTE — 4050 SCAT M AL A 48
Fig. 1-12  Kinetics of electron transfer in the bacterial reaction center (Cited from Buchanan
et al. 2000)

The special pair of bacteriochlorophylls in the reaction center undergoes oxidation in the light. The elec-

tron lost from P865 is rapidly transferred to a monomeric bacteriochlorophyll (BChla) and then on to
bacteriopheophytin (BPha). These reactions occur in approximately 1 ps. In approximately 200 ps,
this electron is transferred to one of two ubiquinone molecules, Q4 , and then on to a second ubiqui-
none, Qp, on a slower time scale. The electron transfer proceeds down one of the structure’s two

arms, although the mechanism by which the single arm is selected is not understood
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F R Stroma

v hy

K 1-13  PSI 458y~ 78 &8 (5] H Buchanan et al . 2000)

A: PsaA, B PsaB, Wﬁ*az%ﬂ’]jcjz% LT P700 {3 B AR F T Ao

&3] Ay (IR T, RIGHEHE — R FeS by : Fx. Fal Fa. mEfﬂﬂmﬁ
BN (Fdx); P700T ISR J\E%?ﬁ%%%e AN, PsaF. PsaD Fll Psak %%

HARMS ST 7RIS PS1 454
Fig. 1-13  Structure model of the PSI reaction center (Cited from Buchanan
et al. 2000)

A schematic representation showing the organization of the two major proteins in this
complex , the PsaA and PsaB subunits, designated here as A and B. Electrons are
transferred from P700 to a chlorophyll molecule . Ao, then on to the A1 electron accep-
tor, phylloquinone. Electron transfer then proceeds through a series of Fe-S centers ,
designated Fx , Fa and Fp, and ultimately to the soluble iron-sulfur protein , ferredox-
in (Fdx). P700" received electrons from reduced plastocyanin (PC) . Several PSI sub-
units , such as Psal’, PsaD, and PsaE are involved in the binding of soluble electron

transfer substrates to the PST complex

W R R R (B e E RS B AR AL, B
242 a S PSI AN PSIL, J£LL H-0 AR HoS MM EIR , HEATHEREE1ER

CO: -+ nH2 0 > (CH2 00+ 202 A
PST HAfEE AW 1 A1 PST e b 0 & A4 . 1 PSIT H#HEE &Y 1T
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IR Strma

P Lumen

2H,0 0, +4 ®+

E 1-14  PSI Z5#9" & (51 H Buchanan et al . 2000)
AR TR T A SN O i S5 . R PSTT RN DA DL ORI D2 K H.
HLF AN P68O 143 2 LB 4 (Pheo) . BifiJ5 {536 45 AN 2 F QA Il Qu. P68O
B D1 A — AR R RRAR AL Z 305, H20 # Mn SR, CP43 Al CPAT ZIT 4R
a BiGEA, DI EAESPOUHIN , FFART
Fig. 1-14  Structural model of the PSII reaction center (Cited from Buchanan
et al. 2000)
A schematic representation showing the structure dominated by the two PSII reaction
proteins D1 and DZ. The model is based on analogies with the bacterial reaction center
complex. Electrons are transferred from P680 to pheophytin (Pheo) and subsequently
to two plastoquinone molecules, Q4 and Qp. P6807 is reduced by Z, a tyrosine resi-
due in the D1 subunit. The oxidation of water by the Mn cluster is also indicated.
CP43 and CP47, chlorophyll a-binding proteins. D1 is susceptible to photochemical

damage and undergoes active turnover

FPSIT S HC B G YK 2R A G, PSIT & —> 22 W7 1 5 5 41
R AR A E A, A E D RER WK BHYE , i JFEUARRR  (plastoqui-
none, PQ), % UK E LA .
2H:0 +2PQ+4H.wm 202+ 2PQ Ho +4 Hippen
L, PQ EANEE A B TRBR (Qu) . FEMIEFTEAZ 2 M1 2 AR T
S T A S5 2 A iR (plastohydroquinone , PQH: ), FF B RSl 3 A 1 g RUZ
2. BRSSO PQ B, KA AE R R TR AR L AT
. 19 .



TENERBER M S, TiE AT ATP AR H PR, i ARSI <
(Sproviero et al. 2007),

WHH 7 BIE FAL R (Z-scheme) RIABOLE RG MR X L 1% 08
(noneyclic photosynthetic electron transfer), FEYGRIVERT o PSIT (#5047 H fap 43
B ROV T — AN P680T F— A Bk R Qo TiAE PSI A4 L fi 43
BRI — AR S Fx (FeS HUG IR Y ) Fl—A~55 2465 P700 .
SR P680 " HTLAGAAK . BT, AR 02, Qu il — R A T3k, f
FEERE N E G, MIEER b, BB FAEEE PT00 , XA EREE IR
AU (exergonic) HLFHMA B TR TRRERA A ATP, LAk, P700 %4k
{4 8] P AR R R AR 2R AR 2 O B LA . 4 NADP (938 i
AW, DA ES S HAYIE )R (Buchanan et al . 2000),

ZETCHEN], WEMERYINI A PSIL By~ AE SRR oy R HEL S By E R
1 5 AR T s i AT S et R R TR i P

3. ke RAMHA

FAKIETEFE S E Z B, WAL IKE) )y, S KA K T 737 nm
PG K, RN TER Y 27 ACAERTR A B, SERIE E R IEAR L
M1 10 244 (Summons et al. 1999),

TERMH (Archean, 54> 38 /2~25 {Z4FH1) MITHH (Proterozoic, M
2 25425 TACAERT) FIARYHEETE D, HL AR IR AR XS 51, FEORIA
TR 4 R Ak Bl . R SR IR T UK (hydrothermal vents) AYif
SV S, TR F)RRRANA R ) (BRI FoRIE) FTRE R HIAES: T K<
%k (Falkowski 2002),

A R AZ AR 16S RNA 43 F A% (nucleotide ) J7 41 1 i AL A% 252
WY, Hhsk BRI SAEYRZADCEEEAR (thermophylic) fLRE H F%4:
Yy, BT S, ZE IR (archeabacteria) FIE4HE (eubacteria)
ZIE] (Woese 1987, Pace 1997), X 6 RLIHAE Y Ml FHCHLAL T (40 He, H: S
M Fe ) VENFTHHA (proton donor) ¥ CO- i JF ATRKALAY (carbohy-
drate), FF5C b, SRR RAE DA SR w5t M A A7 T E T (deep sea vents ),
KILFIR  (voleanic hot springs), HiFEHRAN R A —LEA W AAIKIA A 1h v] A b
TCHLIE R B R (Falkowski 2002), FLAE B 374 ¥ JL-F Al LA & w6
B AMEAYRETAR (precursor) (Blankenship 1992),

FIKSEAL CO-TREA Fe' 80 S RAVRERAA , IR Tl A A RE S
YER , A —2erE Ak YRR,

D) MR AR S R AL RE R IR R R T 1 i IR

2) BEEL/K BORHIL Y K JEATIME ;
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3) AEI/D TG 1 S A P A R BT Y 2 4

AT AR B PIAS SCHE S2 0 PO 5 58 C B A0 T 1) SOy Hh O 2 AT AR B Y
AR 5 FEAT EAE P e BO'E JR G A E 11 545 A (U B 40 T 7 SO iy O i A
ARSRAALTE 3 X FIHFD (topological ) ARIVEREZR % PIAS Sz HCy i 3 H— Y
LR,

PR 20 B MBS A — DRI, TEIHDEE S AR EY & A
PAAS RS 5 R ME— R BEHEA T P EOC A VE I EAZ AR . EATRY SO HhuG
LT BERE,

B RN SRR R R R A L — , RIUEAE TARRE A SRR
H1, Mulkidanian A1 Junge (1997) TAZR . T &ML G RE i % b B i o) ke I
T B R UV RS LA F T R IR H B, UV Bk RE
it (excitation energy) BEAE I 17 T IR LML o B IREE 5 S Y Soret 4
A A YRS AR IRV EARRE R R BB (excited sin-
glet), MARFERE AT UM BAR AE I A HUR B0 8 R AR AR A T R RE RIS . Dtfk
SFRE R (BLFEHE TS NG ) R —MEEETHEUE A (energy-dissipa-
ting process),

UNAE A I A P A ) H AT 0 (charge separated ) WK =Y e AE—
M DX 51EEE H #7748 (chemoautotrophic machinery ) 4 AL iA JF AL
(redox catalyst) MW T ] B REE F#EBH IR A A B B, X —hEmiH
BORERTFHTIRsh R, ke, FIAME S s Fe' XRERIAR R (R EA TR
AR S A K 5 DAECIN RE B CO2 ), JGREREBEREH TIK S CO: iR JF i
HKALEY) (Falkowski 2002),

PRAEHLBR AR AR = A2 1 260 Gt BRI GEFR 5 BRI A= A, 1T
XA S S A (R ) R LA S 1 P S AR 1 P S AR TR B IR Cimterr-
nal membrane) 11 PSII (4 L AEE G1K (oxygen-evolving complex . OEC) i
T EE K L (photocatalytic water oxidation) RSZHLAY (Sproviero et al .
2007),

., B ARREOC AR AR AR T BE

L BRI aEA

AIE AR K, CEME R THe= PSIT, HEEd T ABRERICEER . BN7E
FeAAVEH PR — LR JFPEY R (H:S, He SUAHULE Y 1E i Pk, t
A — B (T A IR A A He S ZE B B R A BB ] AT AR R YO
AEYEH (Graham and Wilcox 2000 ), ZZ411, 7£ M LL €4 3] 08 — A & 5 351 1A
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(Solar 1) MIE & HzS MIREIE)ZK B Oscillatoria limnetica, T Fik
B
2H:S + CO:—2CH:0 +2S"+H:0

YL TR (S") . DI E P 22 IRARFR DY B W A9 JRE. (Cohen et al .
1975), ARBEARDEEEHEISMIG th— S BEAHEAE (Stal 1995), XBHUE
Vb, — LR —E R B FARER TOGA MR TR RO A B, X
AT RE R B A THE R RS T ) — R AR ZE 3

XA A BT SZ AR B P AT SRR i, — SRR (9 i 52 Mt v Tk
ZREA IS, —BRE i BEIRAY Oscillatoria limnetica) BT H: 0 4pEEZE
ATLL HeS VER H MR (Cohen et al. 1975), 3XFEEAZ B R ] W= 119
R AR RE T AR X 52 5 He S W Ak e th AN HL X FhBE S (Whitton and Potts
2000),

2. FIETERT

VFZ WS REAE SR 25 T A A DL S Wikt T 592 4K (Graham and Wil-
cox 2000), BEUN, SEKFEEJE (Nostoc) W)—LCTEERTEA MM, b, e
FEREIEAA IS T L AEAERIE /R (Dodds et al. 1995), —EE2ZIRIE it fiE
HIT5HFE A (Khoja and Whitton 1975), —28iE#: (04F Microcystis PCC
7806 ) REFESASRIT T RKBEMHAEIAKILEY) (Moezelaar and Stal 1997), —fftf
Ui, BT RKIOEE AR, X 0TREE i TR n =R (tri-
carboxylic acid cycle) ANIEEMIGEL, F M= BEFAMEE A & A (succinyl-
CoA synthetase ) 5% ¥ W4 # A M = A (succinyl-CoA dehydrogenase )
(Smith 1973), {HJE& Cyanothece ATCC51142 J&— A7, B REFERIE R /4T
PR EA TR A (Schneegurt et al . 1997), BURTESLER S (HIERARME,
B2 3E) R REHAT SRR, (EIPA—E EIRE EATRETE A SR R T IR
LA X A HLY (Graham and Wilcox 2000 ), {H g i ¥ A0 X A4 PE UL AT
DL — T AR BAT T S A 7E R 4 O 2R FAEET , X /2 W A eSO L H AT
BT F & I PREE T ORAF R —Fh A AA L

h, WERDLE AR

L. B e 4 09 8 & R B9 41k

KA AW AEFIE AR, MR o BITAOLEELEMES
T AT R R L 2 DX 8 B RS 7= O B AR I R E 2 — (R 1-4),
ATEOCEMEA TR, (HEHE SR, SRR S AR 4R a, c.
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doe, EMAMATMATLER a 1 b, —FHHE T LHEREOCEEAFEY X
EE 2002),

xR 14 FEEMEZEZEE, DREEREVEANLEEER
Table 1-4 Photosynthetic pigments of prokaryotic and eukaryotic algae , and vascular plants

425 Taxonomic group HA (L% Photosynthetic pigments
#5# " Cyanobacteria chlorophyll a, chlorophyll ¢, phycocyanin, phycoerythrin
23 Green algae (Chlorophyta) chlorophyll a, chlorophyll b, carotenoids
213 Red algae (Rhodophyta) chlorophyll a, phycocyanin, phycoerythrin, phycobilins
¥ Brown algae (Phaeophyta) chlorophyll a, chlorophyll ¢, fucoxanthin and other carotenoids

43 Golden-brown algae (Chrysophyta) chlorophyll a, chlorophyll ¢, fucoxanthin and other carotenoids
#ETE ¥ Dinoflagellates (Pyrrhophyta) chlorophyll a, chlorophyll ¢, peridinin and other carotenoids

Y Y Vascular plants chlorophyll a, chlorophyll b, carotenoids

WET RS NR (Prochloron), JRZEEREEJE ( Prochlorococcus) R Lk 225 AT & ( Prochloro-
thriz) TATWEEE a MIMGE b, AT EME , FIA 528X A E RN R
Chlorophyll a and b occurs in three cyanobacterial genera ( Prochloron, Prochlorococcus, and Prochloro-

thrixz) , but these three genera lack phycobilin pigments , and are also taken as Prochlorophyta taxonomically

b iy s S R 3 N3 4 NT B S/ ot = AR SN T ¢ SN TTEA I | NNEA I NN A I o
AL BEAh . EASEAN, XA Y BT, AZRAVIR IS I gz i HO2 i g i
RN —R 5 (—EHTE 380~780 nm), — Mk, Mo FHA7E ik R
HALHESEE I, A S A G D R

TEAL 5 b MRS TR S A —DINRER , fly 4 IS I 4 S B
—CH =M M —F IR R, 20 DR T, BFmgsity, hogss
— Mg J5iT, AR A —MCEERY I EREE (phytoD), FrigmtigHs&A 1N
R B LI A EY) , AT TR]—F- 1 AR ST R T s — S BRI E ]
[ 6 LT ILBEIA R . BADFRME, AR T RBUKE , AR SR A SRS,
FAFNIERE ER A M FVRRJE A FEARTR] (1 1-15), 2K a 5 MOCE A A B
2 (bacteriochlorophyll) FIZRARANE 282 (chlorobium chlorophyll)
A AR 22 52

2. EEAER T W EMBOLB M E

LRl BRE. EEOD YRS E S Th S A 4R b (Graham and
Wilcox 2000), {GHE—AEER , RIFEAN SR AL A0 TR T A £ Ry HY e
SEFT N4 a iR (precursor) 73 FHSEIMERE b KRN E/NG—,
Wk TR EREBMBRARI ;. 1A, BT I BHREANSS, Hik
— N HEANE AR ATRERE S 7200 TR (von Wettstein et al . 1995),
XA R NSRS AT R R A TR (& 1-16), 4R
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NRMWEER Porphyrin ring
A

)
z
<
o .
iy (CH,);
= HC—CH,
(CH,);
HC—CH,
(C|Hz)s (C|Hz)3
CH CH
AN /N
CH,; CH, CH; CH,
HEED MBS HKa
Chlorophyll b Bacteriochlorophyll a

K 1-15 4R 450 (BP0 H Buchanan et al . 2000)
Fig. 1-15  Structures of chlorophylls (Modified from Buchanan et al . 2000)

afE 430 nm (E)E) 1680 nm (Z05E) WU , XF&R e s s, IrblsE
ZIE R S DR, (it R ek,

3. H ot & R b LBk ik

FNE MR (carotenoid) BE—RES AT ARATRHRELEOR,
W E RIS M RALEYIAT 650 FhLL b CRIEFFTERI R ek 4, 26
A% N RACBWIRE LI R . WAL R ARG R e Z5 A A, HAbAY 2 DO i
(tetraterpene) 4&%%7 ﬁ@&hﬁﬁg/l\ﬂ:qjﬁét*@ (@ 1-17), Eﬁ%fﬁﬁ%@%ﬁﬂﬁ
P I R T B HE R Y, TR AR RO 5 ROBCEY . B, DU
A A0 ARIET L 8 AN A T

TS MR AR A AR R C M H B R M AR D
JrL— ORI ORIZLEAA , — ok, TR0 P RILEY
THEM, TEA T ARG A A O, PGS, O
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ML Bk BE Sk B EE Y T

uv Violet Blue Green Yellow Orange Red IR
| | | | | | | ¢
s
H2%3% a B W Visible solar spectrum
Chl-a /
\ || M43 b Chlb HEM4E3 a

[ | Bacteriochlorophyll a

TRl Absorption

400 500 600 700 800

K Wavelength /nm

K1-16 AERAMAR PR ERER a, b FIAHR SRR a FIWIOETE, X 8e 6K 77 il
SR A S AR — SR T A A & ZE BB 90 (51 H Buchanan et al. 2000)
Fig. 1-16  The absorption spectra of chlorophylls a and b and bacteriochlorophyll a in nonpo-
lar solvents. Note that the spectra of these pigments show substantial shifts in absorbance in
vivo, where they are associated with specific proteins (Cited from Buchanan et al. 2000)

4 Lycopene

x B S Y Vgl Tl g VS S e )

T

BILR B- bl EILLE B- B B R e N

Lecopene f-cyclase Lecopene B-cyclase [+|Lycopene e-cyclase

e S ™

B-HA% & B-Carotene o-1HE b o-Carotene

[BF2 A8 | [B-Hydroxylase|
O,| [ /8| [eHydroxylase |

OH
M

HO 3% Lutein

F1-17 26003 D RMM BRI G . Rk B A e [URPIFIZEIE N RAPRR S5
(B H Buchanan et al . 2000)
Fig. 1-17 Biosynthesis of carotenoids and xanthophylls. The letters § and ¢ designate the

ring structures of the two carotene species (Modified from Buchanan et al . 2000 )



IR WG K 7 B K XA 8l (L0 ), fiFdmia GROBNE 2006),
WEBARN RIS D REFEEFMEER  (xanthophyll) (FFH&E) M g
% MR (Bearotenoid) (JFTHARE R, JEHE M ER FEEML 400~500 nm
o, SER bR, S N RAER IR RER AR o BRI
WOCRYRES) (K 1-18), JEHI% M RTELREM I AGEE BV NVER . (HERE
WA G AR S A 43, JF HAE R POL A8 B . BilEt%E k. (photooxida-
tion) L5 % Jy HH I H 2 HAR P AR M, 78 B AR A hEs B LI,
AR BE Fi 1T REC G B TR RE R AV R, X i O T I = S
4 2R 73T AL R H BTG N, X b B4 A IR RED [ IR T . AR
FAHAR A AT, T2 N R AEI =LA MS R SRR R , AT
BEIE B 558 A LAY A B (Buchanan et al . 2000, Graham and Wilcox 2000),

Fhe Bk ok ot Bk B a3k AR 57
uv Violet Biue Green Yellow  Orange Red IR

\ a WIEEAK Visible solar spectrum
KWE bR /

=
3 .~ Carotenoids
a
§ B4 # Phycoerythrin
<
= RN
=

/ W # Phycocyanin

400 500 600 700 800

WK Wavelength/nm
Bl 1-18 ARSI O EHT T D 3 MoK AL SR 3K A
OGS (51 H Buchanan et al . 2000)
Fig. 1-18  The absorption spectra of carotenoids dissolved in nonpolar sol-

vents and phycoerythrin and phycocyanin dissolved in aqueous solution (Cited

from Buchanan et al . 2000)

BRIFERBEAL , HABE Sl HAT KIS PERDE A (AR — #HZE  (phycobilin),
LM EATERIER, AR SR b, HATEER, BHR S RRNLHY
KWL, N—FRHEERPUILIE  (tetrapyrrole) fL&W (K 1-19), WAHR W S5HEA
BAS ST BENRA , TEOCRER IO Iy S 6, FIHRPAYBLAR (phyco-
erythrobilin) FIFE#Z (phycocyanobilin) HEARYA, B EEA (phy-
cocyanin), PHEBZ FEMIL 500~650 nm HPAAEG, ELFVREN T RIHROGRE S
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N % N/
41 % Phycoerythrobilin

K 1-19 M HZE Y458 (51 H Buchanan et al. 2000)
R ORI 21 3R 53 031 45 8 A 1 R L A 1 e 2 e B R AR R T R B
Fig. 1-19  Structure of phycobilins (Cited from Buchanan et al. 2000)
Shown are the structures of two chromophores, phycocyanobilin and phycoerythrobilin , which bind
to phycocyanin and phycoerythrin proteins, respectively, by way of thioether linkages involving

cycteine residues

45} Irradiance/%
10 30 50 100

1 —
£ # Blue (430 nm)
I R et BV
A 2+ 41 Red (630 nm) Secchi-depth
®
S %k Green (530 nm)

3_

B 1-20  7EFE[E Crose Mere, = )GTEas it 4 3 1 BEVR B 00 80s . B 1 4m 5
JFEFIR R N R RO G R EER T 43 (51 Reynolds 1984)

Fig. 1-20  Attenuation of irradiance with depth in each of three spectral blocks in Crose

Mere, UK. Irradiance in each spectral block is expressed as percentage of the irradiance in

the corresponding spectral block just beneath the water surface (Cited from Reynolds 1984 )
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MR e NRRILRE ) Z A2 8 (Gantt 1975), Wil 2id, 97 FE 1 RE
BN TOUEE BT R, Ah , FEkh, SOt ZEERE ) 2nin K T
HABREH THOUEERDE . anzemiEt (B 1-200, KW, 7EHKh, &A[
DA IS ) e 21 8 9 i B iR BE M HDEREA A7 (Buchanan et al . 2000),

WS EMERS S ESENEERED, MELLANERE CUEER RS
Trichodesmium FRIKITF- 223 Planktothrix rubescens) %54 = LAY e 41 86
(phycoerythrin), —2EEFE AL E (light quality) BIARfLIREE H B E R
A, B, HEINZDCHRSS . nTHEIHAA N G T BSR4
HNEELTE G L (Diakoff and Scheibe 1973), X Fh 24 iLHY 224k [FR M (5
FAG N (chromatic adaptation) ] {87 e 78 AR I AT G 6 B S A4 A8 AL i HoA 36
M (Graham and Wilcox 2000 ),

AY

o e N
/N zn ljni

W GRANTE) sk BEFIMIOEE AR . EATRHKVE i it
7, FIFHRBEGEER CO- B IF A MR G . JFREIGT B A, 5B — 2otk
A T Y PL RS . R AR A £ FVE F AR HIRRAR .2 . Xl e e e ik I
S b5 R 1AL AT D AR UK AR A O L S A

JFAZ R GRE B FRAEY o AT . SR RE A R L SR AN A T O AR
. TSR E AT A FOC BN, 70 T REFIEERY], EHE 11
NEAEFAST S B — 50, SR ULARRE 1 A o] R 20 T A 200 L 5 4 o 2 2
Rtk EAVPZ MBI AL . A b, R AN R R = A ) 2 TR AT, A
BRI

WS IRAE A RGN RIS ZU bR e 2 IR AR A RGE AL
Hb R A=A PR RAIE T RE S A MR B R R K. C>80°C), by
Bk LA AR A T BE SR PRI /K RS AR AL RE B FRIE AN TG AR ALY S —
HTESRAE SR Z A EMERZ O (AR BRS) RO OC T TR A, A AL
FAE—ERESE IR E T e AR AR A T S 2 D A T IR
WP S RV B (R A B BT EL A, DRIt AT REARAS 1 X v J32 5 i A% A 1) 3 1
B

RO TEH IR A WY ORI & R R v OGSV P A= W26 . R B ny
WEOCRGE 1P 2 kA iy RGeS B E R, AT IR A
TR A A TR o A P AR SR b R A i 58 o eIt M 6 P R T A
K, MR aIEs R 354D I BRI ORY TAC4ERT . Tt
K 28 AL 2N R B K s T A R AR R B 4 B A
B, WEERREOCE MR A AZEIRR , KRBT RSAL, Al
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SO BTN . S E AR EIRAIE 1A, BEE B AYIRIEDR . RAUR
WHEH L T RIZUB 30, i T — D IRSERY AR IR T TR A= A AR
e,

—SE A IR IRE He S 55 WY PRAEER S i) EA T AR BB A
A V2 W RETE RIS A5 A A ML S it R e K

M2RR a JERTADEA AR a1, W DO IR 200 &
MR B EERHEZ —, HR SRS BAKIE RS R — 3R, #H
KW HEARG A AL, AOCRENOh 7 2 0, AR 3 I
5007650 nm PAKHPE . IELFIRAN T Al IEOERE S HERER . W% D X IRIRE
ZIEZE B, § R T RESHIIRH TOLEAE IR . BEAh, FEKk, 2t
BRI E KL, L, 7Ed0K A, &4 T RIS ER o6 i B4 8 H
BELREMHDEREAAF . — LBl nT BEC TR i AR A Sy (R 4R, A
T I G B A A AR A HAT T A3

.29 .



FE ANXED, EEFMHMEEAKLE

NGB R A T BT R BRI EIN AR TR B A bR Y
KE R A TAERIER]) , HE5AEFE T ARSI ARIERL , A
PO HIAE S RGEZ W E R , XK RGEWE AN, X KA 8 R G805 00
i, BEIME (eutrophication) JEfRAZ KIEMMRIZ —, i A2 2h B 26k (7]
FEHLXT FAR VAL, BRI SRS IR 1 X — [ R AR A i ]

—, HARFPRK SRR, BEE

Lo 3R AR
HERIK PR E . LR 7100 POK T S . PR 3800 m, HZ
K 990 DL R /KSEAEAENETE . UKEE AV (36 2-1), TSI AL TR 7K
PR D, RERE WA IR, XU RS SRR MRS, i
HEBRGA . BEIEPR AT A K ks 2 iR 800
F21 HYEHHK
Table 2-1 Water in the biosphere

2 Volume [Ep; 4 BB [
/10° km® Percentage of total /%% Renewal time
WEVE Oceans 1 370 000 97.61 3100 a
vk 50k Polar ice and glaciers 29 000 2.08 16 000 a
MR 7K (HEAT I BRAS# AY)
4067 0. 295 300 a
Ground water (actively exchanged)
IRIKINIA Freshwater lakes 126 0. 009 1~100 a
J#& 7K Saline lake 104 0. 008 10~1000 a
BRI 2 s K Sy
67 0. 005 280 d
Soil and subsoil moisture
T Rivers 1.2 0. 000 09 12~20 d
KA HIKFES Atmospheric water vapor 14 0. 0009 9d

(5] H Wetzel 2001) (Cited from Wetzel 2001)
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T 0. 16, HEHLAIKIEA S TRTZM 80 , midre iy N JFE 740l
RN RAZHYIL 50 A5, L RER W R AFAE T K g b ARk EE RIS
ETHAEABYURRY EE®RIE (Crawford et al . 2000),

N FEHERIE A R A A~ Z ) B e A SRR+ o0 2R . IR e EHL A AL
AP E SIS AR EMASR N G 2-2), HRAPREIGHR) F 24T
Je . ORI N BFEE , HARMMIEABHEY S sFR; ON §hHE
FAET LI KRN — LR AR AR A A0 B e o IR EL . OIRE A REDIE
Pl A& R B B SR SER . BOR# I 3RA5 I o 1 2 5
B2, A EH RN H AR IR ; OF VARG DURRSET:, JEE, BiER
LY RHEY) GRRZEME) FIHEE (HRsUkiE) ; ©—SehigRREhti S Al b
AR AL No R PR (8] 2-1),

£22 FHEMLEY
Table 2-2 Inorganic nitrogen compounds

%43 Compound N B ALA Oxydation state of N £ 7% Name
N2 0 /A Dinitrogen (nitrogen gas)
NHs —3 % Ammonia
NH; —3 B 7 Ammonium ion
N20 +1 AL WA Nitrous oxide
NO +2 AMLA Nitrogen monoxide
NO +3 WAL ER Nitrite
NO:2 +4 T HALA Nitrogen dioxide
NO; +5 iR AL Nitrate

(5] B Crawford et al. 2000) (Cited from Crawford et al . 2000)

VI 2R R ARSI A Y PR 2 e A% AR e M . X e PR s .
AERT CR s 5O Al IR SR 48 Ak . R B9 BB & JH T [T JepLilk ). R Ak AR H]
(RAE R AR v F 321, FEDRSANPIGE R h R AR IR s i) DAL RO (AR
SR R ) (B 2-2),

YRR R A A A RN, P2 BN RGN P 1 5t DS Ry 1
B AR AR (B 2-3), AWREARAMRIER . RO A, R
R ANELNTE , R o BT ) A — S AR AT DU Y A A A b sy
HAEXR, UNERRAEZ (K 24); H—MhASER, SiEMEmEsEs,
TEARAESRG T, " AIUARI A EERE T A B A, B, 73RN
iSRG, FIARN B B AR THE 80%0 ~90%6 VR T A My AL, wmikEY A
FRiX 8026 ~~90% YA P2 80%6 IR FILA: A (Buchanan et al . 2000),
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ERAPHEER (N

- T ™ T e Free nitrogen gas
:rfzei?\}/{i@e - (N,) in atmosphere @
HEHY

Carnivore

SRHEY
Leguminous @

plants

(Azotobacter,

R

Denitrifying bacteria Beijerinckia_, 1] EERHLE
(Pseudomonas, Cyanobacteria, | 7= : - .
Bacillus licheniformis Clostridium) § (e SRR A AN B AN L )

i Decay organism
(aerobic and
anaerobic bacteria
and fungi)

Paracoccus denitrificans,
and others)

N ®

RIATGvE=N ©

Nitrites D

(NO,™) - - §’;®@ “&J‘&% === Zft Ammonification

~. T TRNEa L ,{oso [ %€ Fixation
= Nitrates g smom Niites O e 1L Nitrification
NO3) e (NO;) o 3 fiEfE Denitrification
Nitrobacter

K 2-1 R (G1A Chiras 1991)
Fig. 2-1 The nitrogen cycle (Cited from Chiras 1991)
GE . EedE ., Pseudomonas 15 5 AT B B . Bacillus licheni formis b A ZE 0 R
WA RIER A B AW E P, Azotobacter——1E A W J& . Beijerinckia——
FERE A& . Cyanobacteria WAE , Clostridium WHE)

RAHFH N ZAEWE RN, Feoh & (NH ) sligiedh , sl [FAe /Rl
AR LR o BTG R A A & AL G . B PR AR R i A
AR O AR ER M AR AR » TEBRAESRE T o AMIRER SCRT 28 S mn AL 40 T A FH 20 i
M Nz, BEARA, SR, BRI A AR AREIR . B 2 TP Y N2 K
A FIEH AL , Lk 25 ek b AR 9 [ /A S K- GR
2-3), IEAEBR UL R A SR TEA

Paracoccus denitrificans
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Organic N >

c 2

g g
i g 58
BE g2
© =la

a E.

g

g

=

[% 4% Nitrogen fixation NH;

P N )
N, \
Ne— N{: NH,OH

e
()

» NO; J

UOHONPAL 31BIIU KIOJB[IUISSY
Th e T R

I8 1k Abiological oxidization

Kl 22 HFESAZBBMAERA (318 Crawford et al. 2000)

Fig. 2-2  Conversion between different species of nitrogen(Cited from Crawford et al . 2000)

K 2-3 BRALETERMEY @is) MU, EEREE A A RR I AR GIORRE
Bx3) @I H Buchanan et al . 2000)

Fig. 2-3  Photo of legume grown in N-deficient soil [green pea ( Pisum sativum)] .
Note the associated nodules containing the ehizobial symbiot (magnificationX3) (Cited
from Buchanan et al . 2000)
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LA Green sulfur KBtk / PR
W4 Cytophyga Bacteroides/Flavobacter
WEWER Spirochaetes WJEFK Chlamydia
Dcinococci, A TR Planctomyces
Thermus FFEE Bacillus / #21# Clostridium
HRER T /W BER Actinobacteria/Firmicutes

SRR A

Green nonsulfur TAE4HEE Cyanobacteria

25 B Campylobaters

WA IR a
Thermotoga
B
JH4NE Proteobacteria
Y
o/

A S AW e S22 ST e IR < S 2 2 B S N
ARIRPZE ABIEARAR ) o (HIF A E A 250 v i T A ACR PR BE [ 0 (51 A Buchanan
et al . 2000)

Fig. 2-4  Phylogenetic distribution of nitrogen-fixing eubacteria. A simplified taxonomy of
these bacteria shows that, although many groups contain nitrogen-fixing species C(highlighted
in yellow ) . nitrogen fixation is not carried out by every representative of these groups (Cited

from Buchanan et al . 2000 )

*®23 BARERMAIBEREZRMILR
Table 2-3 Rates of natural and anthropogenic nitrogen fixation

S Source [ %2 B9 & Amount of N fixed®

/(Tg/a)
[AREEN Lightning <10
B M 2 25 2R 25 02 L 00— 110e
Biological N-fixation in terrestrial systems” '
TR S R G R T A 30~300
Biological N-fixation in marine systems ' '
AIEA L N fertilizer synthesis 80
A HEBHEBE Fossil fuel combustion =20

AP R KT (Tg), 1012g , M4 T 10%mi  The standard unit of measure is the teragram (Tg), 102
g equal to 10° metric tons

PELFE AR AE S RGO AL This estimate includes both natural ecosystems and agricultural nitro-
gen fixation

AR S AL TS5 AN Estimates differ because of variable data

(5] A Crawford et al . 2000) (Cited from Crawford et al . 2000)

2. BEEI

B (P) 7E ARFUBEIRER A XAETE . Wl A A, FEMEE RS
e 34 .



ARTARBERER U . b rp R E il 0. 1180 . S YA B IR S
" Cas (PO ) FIBEKATH™ Cas F(PO: )5 GAF355R 2002, 2 2004),

A B N K R S S A R ARG, IR B R
WA, I AL R shY) s s HREI S Sh R AR A 1 4 it (o — 8 43 1
FrEIEEREE (] 2-5),

W Phosphate rocks TN
X - — N 5 AN N LN

N
JEkl Fertilizer

|

ey / R

e e

B Erosion 3

'mﬁ”

») Excretion j

4 Animals

izt +HERE :
Plants Soil phosphate% v

i Hh A DB 2R

Terrestrial phase of phosphorus cycle

K 2-5  BRA YRR . BRI SAELIR R B9 AR 3, — ARl 8 0 F— 4>k
#B5r (G1H Chiras 1991)
Fig. 2-5 The biogeochemical cycle of phosphorus. The phosphorus cycle has two intercon-

nected parts , a terrestrial portion and an aquatic portion (Cited from Chiras 1991)

{00 NN R L R e TN (53 o4 ] R B s S D 1 SV e R R S SR
b, ZAbToKPRPURR . A0 TIGIAON AR AW R, SR , A
X [ SR S OB i A 25
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L N S EESRME

20 et LR, NP L Rt 2 285U ke B NE 1 U]
B, FEI SRR . REEIRAE S N P AR TS KR R
B N, P AFEREHEA NG, (2B A BRI R S IR g H ™,
MRS CEEUEES) MR BRI K BRI B R A2 —,

Lo ABHK

TENZEDT LR, AN HARRAD . A A PR KA R, 1850
AR, FNEE] 10 /206, RITTF IRt (51 2-6),

A

[HA A AR T AR AR AT Hiit4 Modern|”
Old Stone Age New Stone Age Bronze Age Iron Age Middle Ages Times -
2
—14 é
<
=]
g
iy £
The Plague | ) IN|
=
~
O
1<

] =] —— 0
M 8000B.C. 4000B.C. 3000B.C. 2000B.C. 1000B.C. B.C.A.D. A.D.1000 A.D.2000
4 Years

Kl 2-6 IR AD BB iz, REAERGL 200 RIS (51 Chiras 1991)
Fig. 2-6  Exponential growth curve depicting world population. Note the rapid upturn in
world population in the last 200 years (Cited from Chiras 1991)

2. MERHEF & o3 Ao

N G IO B A P 1 R 8, e 572 [l g LA S 22
Th. TERIR T E 2, ok B Al R0 R EE SRR W2 A g, 20
e 40 AR LART, EEEFHAR R (farmyard manure), EFEERH KL,
Bk HAIE 2R E, SECEFRER AR SURIG I, Ehn, 1930~ 1980 4]
], B A PR A B R T, R AR R KRl (B 2-7), X
S AT RS, —Ir e R RE R R CREEE ), 5—TF
T E LS GBI, AR — I35, SRR HE K T Y
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N e EERaL BIE (81 2-8), 20 2 70 ALK , FRERYAEARME ] Rt e iR
EIb . FERRE T 4 45, BRACAUHAAL R RS AR RS (81 2-9),

1200
1000
800
600

400

JEEHE & Fertilizer use/10°kg

200

1 1 1 L L 1
0 1930 1940 1950 1960 1970 1980
4E Years

& 2-7 193071980 4F4& [ AL EME B AIE I (51 Happer 1992)
Fig. 2-7  The increase in human use of fertilizers in the UK during 1930s and

1980s (Cited from Hanner 1992)
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it L 7
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77 o -0 !
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Great Ouse ¥ / \ I/

67 Great Ouse River \ ]
3 57
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Ee
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z
® 3
8
[ .

Dove 3 Predominately pasture

14 Dove River

0 T T T T T T T T T T T T T

1952 1956 1960 1964 1968 1972 1976 1978

43 Years

B 2-8 7 THAE LMY Great Ouse TIAI Dove PR ARG (31 H Happer 1992)
Fig. 2-8 Increases of nitrate-nitrogen in the rivers Great Ouse and Dove in lowland England
(Cited from Happer 1992)
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—o— 4L JIEjE F & Total amount of fertilizers
= —o—N JIE N fertilizer
?,.; 4000 - —a—p | P fertilizer
; ——K IE K fertilizer
2 3000F % 47 A4 fR Complex fertilizer
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=
i 2000
13
% - —w
)
1=S4
0 L 1 ]
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FE4} Years

Kl 2-9 197872002 A3 ELIE AR AN (51 H TKASF 2006)
Fig. 2-9 The increase in human use of fertilizers in China during 1978

and 2002 (Cited from Zhang et al . 2006 )
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Fig. 2-10  Lake productivity change with age from oligotrophy to eutrophy (Cited from
Happer 1992)
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JIA ENAAA —E i A, BRSO . mbliA R S R G0
B XA R A, KINBA T4, IR W2 no s an &l 2-10 iy
IN. WIAMARE FRERMR B . KA 7= I R K2 (hypolimnion ) SEeA b s
FORETFG . B B m B SRR T L S A I ROK 2 B4 1 B SRR,
PRI . VA & B R e 837 A SR Rt ez, FURASIRINA 52 A 280
Bl AR AR

=. VIRt s BRI
WIRATTR R EEEEE R (C. N, P) WEEMEEE, RIS
B TR, (RS EWIA D s A e o R X,
1. EE XKW R HENE EFRLTRE

TESLE SRR, BEE RSB B E MR, FUE RIS R,
KRATE S TAELIET , B LI AZE  (neolithic human) FF5ELL A AEZ) 2000

ﬁ*}qﬁﬁg mg/(cm2 .a)
Depth of core C N
m 5 10 0. 1 HREE
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b a4
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N SO S KA _
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E00: Yoy Y S | Wi Re
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F3
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$it-Clay 024068

Bl 2-11 {3 T RIIX A Blelham Tarn SITTAR, ST R £ 22 4F e AN 3l 9 22 4k
(531 B Happer 1992)
Fig. 2-11 Changes in the sediments of Blelham Tarn, in the English Lake District together
with radiocarbon dates and human activity (Cited from Happer 1992)
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Fig. 2-12  Vertical profile of total carbon (TC), total organic carbon (TOC)
and total inorganic carbon (TIC) in the sediment of the mid-lake station (II) in
Lake Donghu, Wuhan (Cited from unpublished data from Dr. Hong Yang)
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é)l 0.2 0.3 0.4 0.5 0.6 0.7
T T T T 1
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Pl 2-13 BRBURBIHIC A1 DTURP FUB L (TN D & T BZE 1L (51 A B oR R R PERD
Fig. 2-13  Vertical profile of total nitrogen (TN ) in the sediment of the mid-lake station (II) in
Lake Donghu, Wuhan (Cited from unpublished data from Dr. Hong Yang)
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Fig. 2-14  Vertical profile of total phosphorus (TP) in the sediment of the mid-lake
station (II) in Lake Donghu, Wuhan (Cited from unpublished data from Dr. Hong Yang)
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RKoKEE KL

Table 2-4 Representative freshwater nuisance algal bloom

L /17 Kingdom /Phylum

J& Genus

K RTE IR 26 F

Preferred bloom conditions

JE#% %Y Prokaryota

#5317 Cyanobacteria

[ AL N2-fixing

JE A Non-Nz-fixing

H#Z 4% Y Eukaryota

S8 A Chlorophyta

1] Pyrrhophyta(Dinophyta)

[0 Cryptophyta

40 Chrysophyta

¥ Anabaena

WeLpE A phanizomenon

WM EE Cylindrospermopsis

FEHISE Gloeotrichia
TEREE Nodularia
TR i Microcystis
i Oscillatoria

HREREE Gomphosphaeria

SR Botryococcus

LRI Chlorococcus

BRBEPEE Sphaerocystis
W Ceratium

Z W ¥ Peridinium
S Heterocapsa
JEH ¥ Prorocentrum

e Cryptomonas

21l Rhodomonas

PRI 43 Chromulina

& OH Chrysochromulina
HEESE Dinobryon
1§35 Mallomonas

=TE4& ¥ Prymnesium

WO, ORBE. SF. K Ee
[, AR AR R SR

P-enriched, warm, stratified, long-
residence time, high irradiance, eu-

trophic

HEAME, EER RE. 02,
i B ]
N- and P-enriched , eutrophic, warm,

stratified , long residence time

PR S AR YR R SR
Moderate N- and P-enriched , strat-
ified , high irradiance

Eutrophic, N- and P-enriched

WA, R AR
N- and P-enriched , stratified ,

some oligohaline

AN, BEI. WK EIR
e o)z

N- and P-enriched.,
fresh to oligohaline, stratified
HEAN., MAEETAE, 2=
N- and P-enriched, toxic at high N

eutrophied ,

enrichment , stratified

(5] [ Paerl et al. 2001) (Cited from Paerl et al . 2001)
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Bl 215 BEIA [ (A) Sraripcdest | mzzik [ B) 3P22; (C) AKABMIENE ] = d ik sy
BEER ZEED RAEEIME BRI KA CHIED (51 A Briand et al . 2003)

Fig. 2-15  Photomicrograph of a colonial [ (A) Microcystis aeruginosa ] and filamentous [ (B)

Planktothrix rubescens ; (C) Anabaena flos-aquae ] toxigenic cyanobacteria (left panels) and

their corresponding blooms in the field (right panels) (Cited from Briand et al. 2003)
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K 2-16  KWIRY g K E
Fig. 2-16 Cyanobacterial blooms in Lake Taihu

P 2-17 MRk
Fig. 2-17 Cyanobacterial blooms in Lake Dianchi

Bl 2-18  FER B RGN L& E

1Y) Neuse T0] 4 19 A TR 04 (4 4
s e Rk (A i Hans

Paerl THA-F21)

Fig. 2-18 An extensive surface water
bloom of the colonial cyanobacterium
Microcystis aeruginosa in the nutrient-
enriched Neuse River, North Carolina

(Photo by Dr. Hans Paerl)
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P 2-19 2004 4F WL BIE VLR A BOK A (A i BE 20 B I 4R 48
Fig. 2-19  Surface blooms of Microcystis near the shore of Qiantang River in Zhejiang Province

in the summer of 2004 (Photo by Dr. Zuoming Yu)

&l 2-20  7EpgIE Harbeesport /KZERY#EBE/KAE (5] H Takamura 1996)
Fig. 2-20 Cyanobacterial blooms in Harbeesport Reservoir in South Africa

(Cited from Takamura 1996)
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221 RiEE e 10 A RIK ) —15Hs E /K i ek e
Fig. 2-21 Cyanobacterial blooms in an abandoned cistern in the Qian Long kou Water

Works of Lake Taihu

WEHOKAEAZ B2 ST A E 2 RN 2 — B PR O i e e ™ AR A5 P AR ) R AR
BER (R 25), FEEHK, EWRAIEZHNTGE R, BB ITIT RN,
MR, WML, BTN, RS, NP LTS e R
(microcystin) fEFHRAK , ZEMCTERE ; WEERSTZ AN TERNANLE
PWIAE) , REGKIR A P32 5 A TE Bt n] RIS ™ A5 I F iR B Bl
R, fEFASLRMASMERR G4 2006),

®25 EEBZENENRETHEY

Table 2-5 Cyanotoxin name and producer organisms

HREN T ORI 7R R
Toxic group Toxic or irritant effect Producer of cyanobacteria genera
IR Bk Cyclic peptides
TR R Microcystins AR Hepatotoxic R ¥ Anabaena, W ¥ Anaba-

enopsis » FRER#E A phanocapsa, B
HEARE B Hapalosiphon, 1 %%
Microcystis , 2Bk W Nostoc, Wil
¥ Oscillatoria

Bk % Nodularins gt Hepatotoxic TERE (FEAERIRK) Nodula-
rin (Mainly brackish water)

Y Alkaloids
22 2R P e
Neurotoxic alkaloids
K H-a M2 PE Neurotoxice R % Anabaena, 22 ¥ Apha-
Anatoxin-a nizomenon, i Oscillatoria
KT Fa () M2 HEE Neurotoxic it ¥ Anabaena, Wi# Oscillato-
Anatoxin-a (s) ria
1 i & Saxitoxins M2 VE Neurotoxic 1l % Anabaena, W22 A pha-

nizomenon, PUMEIEE Clindrosper-
mopsis, §H223E Lyngbya
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HEREN B R 7EE R R A
Toxic group Toxic or irritant effect Producer of cyanobacteria genera
40 5 1 B
Cytotoxic alkaloids
MR 4 M 75 Cytotoxic, I 8 M MR ¥ Andbaena, W22 3% Apha-

Cylindrospermopsin

B R B

Dermatotoxic alkaloids

HERTEZ Aplysiatoxin

¥ 22 33 K -a Lyngbyatoxin-a

BEERANER
Lipopolysaccharides (LPS)

hepatoloxic, TEF é’éﬁfi neuroto-
toxic , L FEVE genotoxic

S B Dermatotoxic

2 %8 Dermatotoxic , I Fl
%58 & 4 oral and gastrointesti-

nal inflammation

FAT R AT ] 2 52 4L 4L vT i
Potentially irritates any

exposed tissue

nizomenon, UVFE il ¥ Clindrosper-

mopsis, Umezakia
WEE W Marine cyanobacteria
i oz Lyngbya, 453 Schizo-

thrix ., Wi# Oscillatoria

Wi223 Lyngbya

A Al

(531 A Svreek and Smith 2004) (Cited from Svreek and Smith 2004)

AR TAHZL (WHO 1998) il TR MC-LR B 5 KT #2532 W 2
(1.0 pg /L), BRFNE, Hivg=2, gk, PESEWHE TR # MC-LR
P, AFE[FIEE R T WHO BUHE 3(E (R 2-6), e NRIEAIE TUEERR T 2001
AR T CETR IR BARE) . 1 pg MC-LR/L M5 AW AR
AR BTAE B RS H 7 KPR R I 5 o i M B A A 8 B R T 2002 4E
BATT (IR EARE) . 1 pg MC-LR/L #FIA “HE =0 TR H K He
PRI HRE E I AR IERR(E”

£26 EFRENXTERSERRNIESE
Table 2-6 Summary of cyanotoxin health-based exposure guidelines
WHEER A E K Rl 52 e

Cyanotoxins Organization or countries Maximum acceptable concentration
BT 3 % Hepatotoxin
PR R MC

HEF T AL WHO 1.0 pg/L
AR FE Australia 1.3 Hg/L“

fin& K Canada 1.5 Hg/Ll’

HivE 2% New Zealand 1.0 “g/L L 0.1 ‘ug/L“

1 China 1.0 pg/L

L EA B M Oregon, USA 1

TCAE S, PRIZEE AR SRR T B B A7 T 200 R g it B
L

No guideline has been set as this toxin is found only in brackish waters ,

-0 pg/g!

Nodularins

although its presence should be regarded as a health risk
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Wl R HAUEE K 2 NGIE 27314
Cyanotoxins Organization or countries Maximum acceptable concentration

FOURE ML 7 R TE IR E ; BT R AE REE . AR S ME 1. 0 pg/L
Cylindrospermopsin No official guidelines; suggested guideline of 1.0 pg/L based on sus-

pected genotoxicity

#4122 5 & Neurotoxins

AR Anatoxins KEHIRRE, KR RS RE 3 pg/L
No official guidelines , but anatoxin-a has a suggested guideline value of
3 pg/L
A1 DR TR FEE IR A (HR A DB . A IETE B ISR 3 pg 1 5700
Saxitoxins B /L AFE BAH . X — 3 R KF K255 [R] T 4H i 25 =20 000 4~ /mL

No official guidelines, but Australia is considering a 3 pg saxitoxin-
equivalent /L. be used based upon data from shellfish toxicity ; this toxin
level could be associated with cell counts of above 20 000 cells /mL

R (AN ) MC-LReq, BPRAEFEVER/DN . AF MC AYHAL A M B MC-LReq, A5

ait As total (free plus cell-bound) MC-LR toxicity equivalents, i. e. , variants are converted to equiva-

lent MC-LR toxicity and summed
PECMC-LR (44N 4000 )  Total MC-LR (free plus cell-bound)
ALFE—AEMRE T Including a tumour-promotion factor
AP R A Algae health food products
51 [ Svreck and Smith 2004, H[E AYFE S [ F KRB0 55 2002 Cited from Svreck and

Smith 2004 , with guideline value of China from State Environmental Protection Administration of China 2002

SIS

20 e DIk, ANPGRS 30 B AR B B . ORI O K
ERAEML , sREUHSUEAT HIRAN N P IEI—F A BE IR Bk == <
) Ne KA BNE R TN A 7 JLF-R 3 5 Bk b AR ] 0GR A 2 07K
s ANBFRBED B T IR

H 1 N 2807 A Y RGBT 2R R Bl ) A i A A rp e I i A= A 2R
gt BN EEBRUEAO Y R, R E S N P AR TSR HERL
N, P IRAEIEA N RRRAKHIAFG o WS8R, WA AR oK o
AR, P AGALRE WA R, 3O A AR ROK 2 42 1E T 6 25 i
ELRAY R, i ELIX A Ryl R s it — A,

WA e B SR STE AR B AU Bz, AT C. N #l P
R ZAEA A . WRWNAMEE SRS HR, BT, fERE AKEE.
THE . AR A Ty N el . SEUKIRE TR BT, BAviRy T
C. NI P A RME ETb, KA SRR W R T80l TR %
S LKA, ROK SR IR T ) ARG I A KR ANE L (HJ2 ik
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IR KT R

KA T E AR OKOK IR . Qe AR RS T s AR
TR HERR . AR AR AL, i H AR R AR VRO K IR, 2245 A
KK AL PR K K PRI 2 2ok S T, RO BERE P AR A R A RE R R AR B R . LA
PR R R R R e E R, ZRINRIERZ . IR TAEHSURE Tk
MC-LR MR K ATHEZWE (1.0 pg/L), BORFIE, o2, sk, hE%
WlE TYHK Y MC-LR ARifE, SRR 5% & T WHO BT,
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F=F EEKEEN/PLFR

JNER —FE R, NSRS AN S EUK IR S S R B B SRR, AR
AR, BEFORE R SRR, I, TR0 i BOKEIE R iE 2 5
BeAF, B2 RIR R L, W RS P B E 2R E MR SR
BRI RIS AT AT A K AR SRR AR, R JEM B KA Bl
WA TR IR T AN A SN G R, BREY (POL ) AISBE T (F' ). HE
F (AL ) AT (Ca™ ) A A A W T UL 2R RS (i Rk [
ETEVURWIT 3 BANREAE AR AL A UTTE o AT 25 T B MR Eh W B 21142k L i [#1
SETEUUBWI 4 (Laws 2000),

— RO R A R Y PR BB oK A (Y

SN B A I BOK AR B R R R 7 R AT . AU, AL, BRI T
R, RSAERE, Pish, KRR RE . KA B E MR E N A S EUEY).
SEAE I S A EAE L . R AR SIS R URAEAESE (Paerl et al .
2001), P A A MR AT SCRYPRIEE IR -k 3-1 P,

F 31 FMIERERKMKERBHNIRERF

Table 3-1 Environmental factors influencing cyanobacterial growth and bloom formation

S M 1A ) 7

Impacts and cyanobacterial responses

[ Z Factor

32K Physical

i E Temperature
JEHR Light

Yol AR &
Turbulence and mixing
JK i B ]
Water residence time

£ #H) Chemical
FEETREE GEAEH
Major nutrients (N and P)
M EFRILE Gk &)
Micronutrients (Fe, metals)

W JCHLIR (DIC)
Dissolved inorganic C (DIC)

HRERT ISCAHM THEEAERK ,, FZ2 MM HIRE R T 20C
VP22 I KA B R 0 G T 5 0 L i A P 2 05 N BT (shade-
adapted)

VF 2B KA B R A — 1 23 8] RUBE b3 AR e 3 DA R 55 B0 i
e

JITAS ol o - A 4 R )

RABEREEAR T EMAMIERER, K N/P b o 8
E D AT I R A K

Fe TR AMER . NOs FIH KA . A FIHEE Fe BRI AIEN .
THEHAL 4R (W Cu, Mo, Mn, Zn, Co). {HARZHHN R T
DIC 1] BR ] 7 A ) 2 K L (R 3 6 0T DA S IR X — ] 335 DIC BR il
FEG pH R AT BE A I B K 4 B 1 3 0T HLAT 0 4 e 3
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K Z Factor

M I 4 e 7

Impacts and cyanobacterial responses

AR (DOC)
Dissolved organic C (DOC)

HhE Salinity
£ ¥ Biological
LGty Grazing

TAEE

Microbial interactions

5B A B Y 3R
Symbioses with higher plants

and animals

VEZIB KB I SERE AT DOC . KA AL & & DOC Mk ik

AT AP e, (AR — S KRR R R A na-
baena, THHEEE Microcystis) JCIEALE MK HAEALE, WAL Cany
B Nodularia) itk

JEEFEHN T, AF T AR (Ginedible) KB LZR, HEK K )
TR A B 0 TR SRR

A R 2 TRAR ELAE T RT  fR E E  A ORK R I /Rp 8 5 X A
FEFIRIRESEALZ A (9 R” MIIRE) ; —Le s A 3 Al
AR AT R HEUY 5 AT R R A AR R T 5 | 1 R
IORSPCAE T A AR D, (ER B8 f AR il K A8 AR 1
DAL, A7 A5 5 3~ 2 W X 8 JRER A T . X T RE R — ST
Bl

SR BB AR SR SRR A A S T AR PR R AR
VP2 MR L ERY A4 [ AU A A R

(5] A Paerl et al. 2001) (Cited from Paerl et al . 2001)

WK AR HE B — AR 2 AT TS L (gas-vacuolate) MIFNIE, WIHIFZE,
TEIRAS E D/ ING 22 ARFFAAR S R IR AT DL A KRR A, A SR 2en] DL, AL

MIARER GR3-2),

*T 32 FTRIKERIEE

Table 3-2 Bloom-forming cyanobacteria

J& Genus

[# % N2-fixer

B Family H Order

£}k Filamentous
3 A nabaena
Wi JE A nabaenopsis
LB A phanizomenon
WERE Nodularia
PN B Cylindrospermopsis
R EE Gloeotrichia
#i#: Oscillatoria
YRJESE Spirulina

JE£2 1k Non-filamentous
BB Microcystis
WEREE Gomphosphaeria
JEEREE Coelosp haerium

BIRIEFL Nostocaceae
BRI Nostocaceae
BRI Nostocaceae
SRR Nostocaceae
BIRIEFRL Nostocaceae
AR Rivulariaceae
? Wi R Oscillatoriaceae

- iRl Oscillatoriaceae

BER#EE H Nostocales

+ 4+ o+t

i H Oscillatoriales

— AR PR Chroococcaceae  {AIKP#E H Chroococcales

(51 H Oliver and Ganf 2000) (Cited from Oliver and Ganf 2000)

e 51



T R R EAEH

WP — 1T DA 2 A (N B —Fp b PR B X P S 1)
WK, IR A P Il o 1) il b i il 6, 772 A AR TR
PELL K 5 H AR Yy sl S Py A ) A B KA R R R TR AR IE ST (nitrogen
fertility) A% HEAITIMR . FEHLREIATHIIX. (Fay 1983), Dugdale % (1959)
HAEKMANES (Andbaena) P [EWMAEHIK I F8R, BAEHRT
— BRI RS (R SR H (Nostocales) ], TAxER#EE H A9 [E 24E FH I 2
FRT57AIf (Reynolds 1984),

[E] BRI s T AR R REAL B RN SR 2R 0 AR W S5 . T AU AN
— B e AR A SRR A SO R, I LA IR R DAY, TSR I
T, AR R R O LB A A i B Bl S S A R U R S . ) — 8
TEOLR , FRRGERRE R — REE T, An— S 2R e B S R
IXFRERAL ) A1 A8 1 el 48 ) [F 2B (nitrogenase) BYREME FUVFE EAE A AR
1T (Buchanan et al. 2000); WAHESS H , —2LT0 5 AU MY #E i AUFE IR 46
KT EE E TOCEERT 44D #ATEEMEN (Fay 1983), HIEFZH I
PSR (WS Microcystis FIARIREE Gomp hosp haeria) RAILA [ EAEH]
(Reynolds 1984),

HNTHEAEIAEE TE A, —ERE (W Nostoc cordubensis) il 1S 1)
JEBE (mucilage) G325 5 RURH 1408 Bk AGM, [RIAE, — > Sl %) S5 78 i i
W HA TR0 A0 RE W BRI AL N 487K F- - (Prosperi 1994, Graham and Wil-
cox 2000), VERXTE M —FIIE N , FAUMEELZ RS KIS (photosystem
II expression), 7E5% Y i P JC kil i R K o3 7= AR 4R, DR i = T3] Bk I RE
SAUETECEE N A O, BB HEEJR , Rekt (& 3-1) 8% L7
o, XOERYHDE RS 11 32 20 LA 52 00k (storage granule) 1)
JEA (Graham and Wilcox 2000),

AR, MINER TR (DRT 300 pg/L) B, F AR RS IR 22
% (Aphanizomenon) Fp R i 57 B 5 IR AL (vegetative cell ) Z L3 Jin
(Reynolds 1972, Horne and Goldman 1972), KM, e i & &AE 23 PER)
(facultative ), A [ U F AT LA fef 5 gl o 2B 4G 52 0 A0 B L {6l o 20 5 e A
FUE 2 B R A1 50N B 3w 4 % (Reynolds 1984, Graham and Wilcox
2000), TEHGHLY Erken i, BN 3 ¢/(m’ « a) (Granhall and Lundgren
1971) 5 FEEE Y Mize ], 1969 M B A RLIHT ¢/(m” « a), {H 1970 FFH/D
182 (Keirn and Brezonik 1971), 7E—2EfEALT , WA [ A2U/EH RE DTmkIsI &
RHI A 50% (McCarthy 1980),
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F3-1 HARMM QRZ0) EFEE (51 A Briand et al . 2003)
Fig. 3-1 Anabaena sp. with a heterocyst (light green color)
(Cited from Briand et al. 2003)

=. N/P L2t

R BRI LR K AR SRR BB —, —BoRUL, B IRk
ARG EBRRHEIF T (Schindler 1974) , TiEZ S GBS RS T
RYBRHIEF (Ryther and Dunstan 1971 ), {H 2 25 fa] F oo 258 21 32 22 B il 1A
. BT ANBE AR R G N /P I 2R G0 3 s R R 14 25 ) s sk
fherad i, — i, S VR R v AR R A T BRI AN K, ROAfE
PEHRRRER A SRR CUmifge rp 2R R 3 IR K P AR — B 2, T aX
PR 4 B AR B A AT B (Howarth 1988),

AR 20 2 =40, #IE2EE  (Pearsall 1932, Hutchinson 1944 ) 5
FHGTHE N/P O 7E P e 2K AR e e i () B P, FE N K435 Schindler
(1977) HATH ST, R N/P b B EEEAEEL (N deficient fertilizer)
EREAE (P fertilizer) ] A T % (N-fixing) WA, Flett %5 (1980)
KB, BAREESEBT N/P . GER) ANF 10 AT, mER K N/P
Fer A P LA S L,

Smith (1983) LW FSERG 17 ABA TR, TR TARKZFERK
JZ (epilimnion) FPEFEEA Y& 1P LB DL K& TN/TP e, 458 &Y TN/
TP<{29 (FEitt) BHEHEMT T R, M4 TN/TP>29 (FEiEL) B s
TR (E3-2), M 7 H TR KB R A E A0 N/P UL,
AR, EFEER L] (nutrient ratio) J& A AR A TEIFHL I REE Fl 22 B 1 — A
BPETER R L RS R R S A AR, R R AR
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P32 LA 17 ANEA T E R TR (KB PR S%RK)Z TN/TP
FLZIAAYSEER (51 H Smith 1983)

DLW IH JE . S, Sammammish #]; L. Loch Leven M]; Mo, Moses #]; N, Trumen #]; H,

Hjalmaren ] ; V. Vattern #; Vn. Vanern #]; M. Malaren # (11 ¥ ); Hu. Huron #]; St,

Stone i ; B, Bysjon i1 ; He, Heart #]; Mi, Michigan #]; G, George #l; K, Kinneret ], %4

SRR A ERFWEIE. TN/TP=29 14 R ML IR

Fig. 3-2 Relation between the growing season meaning proportion of blue-green algae by

volume and epilimnetic total nitrogen (TN) to total phosphorus (TP) rations in 17 lakes
worldwide (Cited from Smith 1983)

The lakes are: S, Sammammish; L, Loch Leven; Mo, Moses; N, Trumen; H, Hjalmaren; V,

Vitterns Vn. Vinern; M . Mélaren (11 bays); Hu, Hurons St. Stones; B. Bysjon; He. Hearts Mi.

Michigan; G, George; and K, Kinneret. Each symbol represents data from one growing season .

Boundary for TN/TP=29 is shown by the dashed line

J3—J71il , Smith (1983) $&ii, N/P HAUAA 1] REME R BT A WA h Ay i
BRI ONE 32 Waf AE W, FZWIAM TN/TP<<29, (H2AF g
AL, ABRRGEH AR A2 WREBUETRIFE YIS FRER AR LY

Smith (1983) Iy, N/P WAl R EE IS L, 7R 2 WA
ATLLE TG K3 (sewage diversion), B8 AV57K i BBk & W0 A 5 098 77 3:
DLPEARMAL N/P L, B, —SellA R IR HoAR R 3 S BERKE TN/TP )
Ban ., JEAKIREALFE (advanced waste water treatment) ZH B EE , (HIEUHE

PRI T8O F WA N /P HERRARIAE , FE—2ei 00 B R s A 2T H .,
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SHBEIEE M A T A OB IR | FRIE R M A R E SRS FE R R TR A T
[, SERALURRY C SR TR 5126 ~56% , N HERTEA 4% ~9% , F
BICt N P ETHHIRESET 106 : 16+ 1 (MR A 42 5 75 1), XHEE
FRIIG Redfield HA . 5ol T b SR AN AT B 1 TC 2 o] (Ketchum and
Redfield 1949, Redfield 1958 . Reynolds 1984), 4K . Smith (1983) 4t
TN/TP=20 BRSSPk R IR ROSER AU N /P HoA%
i,

Bl . Hakanson 55 (2007) Gl 40 #5745 M 86 ANk (4R /K FITR
K0 TN/TP SRR EAR (D ZRMERCRRI, % TN/
TP<40 i}, WEMAEYE (CB, & CB""H#H) 5 N/P HEFMMHLLR (K
3-3), 15 Smith (1983) 45 HAML,

5 A .

@
o) o
© o
4] @ o
o L J o
34 o e °
00 q
2 °o °
§ OOE [+]
2] ° o
© ] q ¢ ° o ©
<o P °
e ° °
o o =4
°
1 +f oy @
o
—11 o © o J5I¥H Lake
* ¥ Marine
-2

0 10 20 30 40 50 60 70 80 90 100
TN/TP

Pl 3-3 WEHAEYE (CB) Al CB™Y . CB IS mg WW /L) F1TN/TP L2
RSEHR , ik 86 NRGHAERETAHE (B A Hakanson et al. 2007)
Fig. 3-3  Relation between cyanobacterial biomass (CB) (transformed into CB”* ; CB
in mg WW /L) and TN /TP using median values for the growing season from 86 systems

(Modified from Hakanson et al. 2007 )

LRI L S Tk e

L EEE A X
BDUR WAL il sh BRI (R 27. 9 km®, SPHEIKIE 2. 2 m),
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BEERETR AN 20 fiE22 50~ 70 SRR B B A9 1k . W R B T
1956~ 19574F , WISy —, REBEEE —, X PT] 4 BESE BUB EEAY 6000 —~ 7000
T BE 2R Y LU/ 5 60 ARAR UG o s FIaR s A BERE N, o S
2Ry 5000 LA L (BRIE RIS 1980), 78 1979 4FHT, BARTHE T /K I7
iR/ R S G (ERE SR RE e 7/

M 20 HHEAE 70 ARAR—ELF 1984 4F , 44F E IR R MR A A MER H.
MEMIAY KR (B 3-4), M 1985 4R, JKARSE — IR R E A (LIS
2 AU R R IX ik A A B KA ) L MR R R A A B, 197972000 4,
PRI GBHRG Tl BRI S IS A Y W TR, SRR B I
A, AN BRI S BT IS (8] 3-5), 1985 ARLIHT , 1
PRI, 2R 22 BEREEAE IR Y b A, 5 /NEREE (PO SRR )
FIRGEE S OEH s e F 2 B A R AL, BB R THIK#E (Shei et al .
1993),

Kl 34 ZRBEEOKREE GBS T 198148 10 A 9 HD)
Fig. 3-4 Cyanobacterial blooms in Lake Donghu on October 9, 1981 (Photo by Dr. K.

Tatsukawa)

e 56 o



20 £ Cyanophyta 3 T Bacillariophyta
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I3y
A Years
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B3 + FE Cryptophyta+Pyrrophyta
2.0
=15
o
1.0
0.5
0.0

35
30 BRI Total phytoplankton
25
= 20 HEFER Trend line
Cén 15
10
5
0
>N O = NN OO ST N N O
[~ 0 0 X X X & & & & & O
2588358838832 3
E4) Years

Pl 35 7<) GG T3 ANRZERHFIERY ED Rz (19797-2000)
GlAFEICEE 2002)
Fig. 3-5 Long-term changes of the biomass of various phytoplankton in Lake Donghu

(the mid-lake Station IT) (Cited from Tang 2002)

2. ARAEARYUAR 4y o Bk o K R AL

BVBE (TP) FErE 20 thad 50 ARRENK . 70 AR P — PR il 72
8O ARARHI TP Frifsy , Z iVl FRE (& 3-6 fE 3-7), REHK, HEEKLE
R, WK TP A PO-P S &SRS . KWK . TP Fil PO-P i
PR EREAL . ZRIEIK D TP & aAE 50780 AFAR rpR BT L T+ v] LA 45 0 TH 8
ARG K B R (TRoKoTEE 1984) (AT R A B fad BE TR S 3 UK ALY
FIRHEER ), SR AT 80 4R L B 5 R 42

19791980 4, Zib] TP 4F4 A K 88 t, Hoh 77% Wreg ey (kK T2
1984), T 19971998 4£, TP 4EH ANy 90 v, Hir 8026 M BATEWI T, ZRIIBERY
A EER AANETG/K (Tang and Xie 2000), SR KT 40078 F2 RIS 954
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/
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Pl 3-6 195671999 AEZRHI 1Al 1Lk AEH TP ORI PO -P ¥R 19 F 15754k
(51 A Xie and Xie 2002)
Fig. 3-6 Seasonal changes of TP and PO:-P concentrations in the water column at Stations

I and 1T of Lake Donghu during 195671999 (Cited from Xie and Xie 2002 )

025
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0.10

I om L

0.00
1956~1957 1964 1973~1975 1980~1985 1990~19931996~1998
E4r Years

BBERE TP /(mg/L)

PE3-7  ZRIIWIK GBIHRCy T ) Hh SR 3 B A2
(5] AR5 A 2001)
Fig. 3-7 Long-term changes of mean TP concentration in the water column of

Lake Donghu (the mid-lake Station IT1) (Cited from Xie et al . 2001)



TR, (HRARIIE , 20 22 80 AR P LUS 1K vh TP 5 5 i B 2 AR
MEFZE T TP BARIZE L, 2 19971998 4F TP Ay AR Sl BRI —
JERY ETE, 20 HHE22 507~90 4FAX, ARMFBEDURY ) TP &8 & — AW BTt
s, RINRZDORY PR DIBE SRR (K 3-8),

Z20r
z
I %ﬁ 15¢
g g @Bl =1
@ E 0}
RE
K35
2§05
£
& ol b1, : . H
1957 1978 1982~1984 1998~1999
Fr Years

3-8 7K1 19571999 4F TEGAI N EEFIE (010 em) JLF T TP e
ARtk (51 ARS8 S 2001)
Fig. 3-8 TP variations in the surface sediments at Stations I and II of Lake

Donghu during 1957 and 1999 (Cited from Xie et al . 2001)

TRIEER , 20 22 80 AFAX H 0] LA Sk A6 SIMIR Bl 7 A I A A= 10 2 78 Ak i A 100
T, KA RN T W TR, X — IR S W EOK AR R SR R Y
FIRME FRERD . R0 (I a2 EE YR 0 P Y AE 1979~ 1983 45
ik 17.25 mg /L GE#EES 78.3% ), MWifE 1989~1996 4, F#AKEI4. 28 mg/L (%
BN 12,670 ) (Xie and Xie 2002), iX AJRERBICFE—FhL S, RDAMEAL. %
ST AN 20 T K AR H BRI R 8, T WA K AR S R SUAEE 1 B I8
T RGN, XRE , ARSI AR A YR (BE, SRR TERR T R
K4S A8 o ehoAE SIS A B IR ) TR T KA S B R R R, AT
R T R K AR AR T] 2 M AR K B B SR DU R R A S
WA

Xie Fl Xie (2002 ) 38 ik % AR 90 HEA T (0 B R0 i A 1 0 (1950 ~
1990 4F) AA2ERORMN /0T . BIRIRIE T & B IR A K () Y R
fter 5 KR B DI G BLAR .

T, AR N /P IR BRI R S 4 2R 2

WEHOK AR B R S A B E TR AR B ZERAE . D ek AR A 2 2 L
e 22 A — EURIRAK AR SR (Paerl et al . 2001), fHJZ,
M 20 HEERYBFTEARE T . MR LB A SR AEXT TR T8 T7 SR 5 it
S SERWISY GAPT- 2005), Xie % (2003a) F 2000 45 FEAE R IR IS T
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T N PG s KRR RS BRI PR S , WAL BI DTSR N, P Xk ek
=TS0 N ) VA | 1 Y G =B o (S BT ALY/ T N v

L e N, Py &L

FE 2000 AE R ZRYSL T, —IRE T 8 AN AN B K R K 15 # A )
JEEFIRG . ¥ ARIRRSE I ZARK G8IK R E B IR K . Hoh e 6 4~ F
o (E1I~E6) RN T 45 em EMJEIR CRAMBRIL ., % 2 A~k (E7,
E8) HARNIKYE . JFAE EL A E2 HRin ABE, E3 A1 EA AR, 1 ES~ES
RESIMEAE AL, SCI Tl 3-9 R,

i E7RIES | ESFIEG E3FIE4 EIFIE2
R e IR IR +RCR
N. PE&EM N, BEEN/P=30 | +P, FIEEN/P=5

[ 3-9  ZRi] 2000 4F: B G Se 614 3

Fig. 3-9 Design of the enclosure experiment in Lake Donghu in 2000

KEIM 8 A i) Trts . 7645 Fl b i A s X s (&1 3-10) FFJF
Th I EOK A, EARIRERE (E1~E6) o, WK E I S5KET TP
A PO-P () ETHREIA: , AR A NEIRA E7 A ES i, U A W ek e 8,
KEEH TP FI PO« P S 4 R (&1 3-11 fE 3-12), BRINEM E3 Fl E4 H
TN &g RSN, AERE T TN SRR e (8 3-13), T
HEFETOMSESEYA BETHE Xie et al. 2003a), [FRF, BEHE K%
HOKAERH I, A ERRT R pH YA R EF S (B 3-14), T R
(DO) HIEATH R LA (& 3-15),

ARSI IR N, P GRS N/P L) X EOK B R AE RS2
DARESS Smith (1983) $2H 147 Gl B K AL K1) N/P 22U iE M, S50
SR .

1) N/P<29 JHElsoK e L AN BB, B, 8 H 12 H, E3 Al
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EAF B N/P 45 =53k 48.2 H1 45.2 (& 3-16), f

AE B Al Bk

20.67 mg /LA 5. 14 mg /L, 239 5 17 e S A a1 82. 9% 1 79. 600
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& 3-10  ZRTEFR AR Rl A QR M8k (31 H Xie et al. 2003a)

Fig. 3-10 Changes in phytoplankton biomass (wet weight) in the enclosures and the
surrounding lake water of Lake Donghu (Cited from Xie et al . 2003a)
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Fig. 3-11 Changes in TP concentration in
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of Lake Donghu (Cited from Xie et al . 2003a)
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Fig. 3-13 Changes in TN concentration in

the enclosures and the surrounding lake wa-
ter of Lake Donghu (Cited from Xie et al.

2003a)
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2. FETHEAKT A YyA LB KB A A E IR

Xie % (2003b) F 2001 4FE AEARMIVEAT T BIFRSEE: , — 'S THASE
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Fig. 3-17 Design of the enclosure experiment in Lake Donghu in 2001
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Fig. 3-18 Changes in Microcystis biomass (wet weight) in the enclosures and the

surrounding lake water of Lake Donghu (Cited from Xie et al . 2003b)
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Fig. 3-21 Changes in N/P ratio in the enclosures and the surrounding lake water of Lake

Donghu (Cited from Xie et al . 2003b)

*33 ZWRAKRMEREN, SERIRAYH TP, Fe P AIPEE (mg/g DW)
BZE{E (meants.e. )
Table 3-3 Changes in TP, Fe-P and Al-P contents (mg/g DW) ( mean—ts. e. ) from the
beginning to the end of the experiment in the enclosures

FEl B P58 R R
Enclosures TP Iron bound P Aluminum bound P
WG M FE Initial content 4.0140.017 2.35740.279 0.1240.017
ZE I Final content El 2.61+0.279 1.41-£0. 056 0.07+0.023
E2 2.26+0.212 1.3040. 150 0.0640.014
E3 2.3540. 228 1.414£0. 230 0.0840.019
E4 2.30+0. 282 1.0440. 207 0.06-+0. 031
¥ UV BE Initial content 0.774+0.031 0.1140.026 0.02+0. 001
LZEHIHE B Final content ES 0.84=40.053 0.13+0.002 0.0240. 006
E6 0.75+0.012 0.08+0.022 0.01+£0.002
E7 0. 8340. 004 0.124+0.019 0.0240. 004
ES 0.7640.002 0.0940.015 0.0140.001

(5] H Xie et al. 2003b) (Cited from Xie et al . 2003b)
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RALIR . B EBEADURB RO A RREE 15— R A A iy
IKAERRAEHE CEG ML, WBE KA SRR N DR R et AT 32X
N/P ARG, BRI, N/P HCRY AR 2 i K R 2 R Y LR 25 2R (615
TERRYE , LRI EA S SRR WK M TR A & R, KA
T KRR B, DU R B A B R (BRI v i) Sl 25
FERXEE D,

ERSHNERE S

D IR P ACEXT P RBEIC T2, 4 mg/g B, AR E;
0.77 mg /gt , TCREUKE.

2) WEFIRET PRI, FERET FeP RURIE TR (FTEOH 5
H: PO« Sa P, FEOURYITTIY Fe-P A1 AP RAERRED,

3) WMEFRIETRT Ca-P AIAESE P Y EZLS> , 1M CaP ZEP M IRIE SR T A
Ol .

4) JKAET N AR A R ATREDURRY T N ARSI 223 32 S ALid Jrad 2
AP, SEm v ISR T R (2 m ) WoR KA E (DO
4.3~11 mg/L),

5) WRLEYE 5K pH ZEA BEFEMHIEH: (7=0.361, P<0.0001),
{HI2: L 2000 41 FEIFR S 3G AOAHSCHERZE . RIREYS 2001 ARS8 A 4 A BR P AT
Y P & EBR E 2R B AR BIRA O, W2l , JURY P &l
BRI, XF pH BYSE0 T 2,

75 2001 4F BB FRSE 3 0h . ERR VLB CaP 19 30, (FLJE 0 i 1
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B (BMA Zhang et al . 2004)
Fig. 3-22  Mean content (during April and August of 2000) of various formed
phosphorus in the sediment of Lake Donghu near the enclosure experiment (Modified
from Zhang et al . 2004 )

e 69 .



2000 AFRAE AR I S2 30 X I DURR ) 5 PR BB 4 T 25 K L FeP i
X (K 3-22), Fe-P/CaP bk 17.7 (Zhang et al. 2004),

£ 2001 4ERFEIRRSCE b, FEFE pH ATIES . Ca’ WRJE 280 & FREM %
CRARAIC R BN (K 3-23), R LK AP ULTE ASEE pH AL FHima 4
P, BRIETT DI , BEE pH AT &, —Jr DUk . SEm i A BT (3
PERSSEIN , 55— 5 RS AU TTE T e SCK—0 iy Bl URY

70
r=-0.29, p = 0.0002
60 y=—-713x+846
S %0F S S U
240
4 30
&)
20
0F
O 1
7 8 9 10

pH

Pl 3-23 2001 4 79 HARMWIFEIFARIEIAK b pH Al Ca® HREEZ YA DG G R
R i 8 R e R R
Fig. 3-23 Relationship between pH and Ca’~ concentration in the enclosures
and the surrounding lake water of Lake Donghu during July-September of 2001
(from unpublished data of Dr. Ligiang Xie)

TR R . EARMIMFEIRRSEE: (Xie et al. 2003a, b) H, &AM EE
JHAE (denitrification) . (HAEEK & EFRBEAT . AEAEH 12,
WHERE N, PR . AR 6 AN EKiiah . g 0~47 ¢ N/
(m" «a) [P 26.5 ¢ N/(m" « a)], i TN ffifiy 0~54%0 CF5 28.3%0)
(Andersen 1974) ; fEki1:19 6 ASWIAT , FAEE N 120 g N/(m” + a), /i N
U RR R 4520 ~81%  (Vollenweider 1968),

TEOC T W /K A% e ) J U 2245 v, et TH 4 B R I AT BRI
FERPFS Smith (1983) TEZEAHIFARTIY Science LHET N/P ez, B
N/P it 29 $2eidi/ DS b i B Le ], = ARk, FSEX — 2= 1Y
FUURWT, BHYSZEF (Takamura et al. 1992, Zohary et al. 1992, Aleya et al.
1994, Fujimoto et al . 1997), {HA WX, AR ECLEIRE], R
SRR . AT AR TR LT R A — R T N/P A T RS
) (Trimbee and Prepas 1987, Sheffer et al. 1997 ), Paerl 5% (2001) AN,
N /P HCERISAS AT B 1 8 3 K A b i) i K AR 2 B LA L R i R R 7K
RA. BERAIRR . Al SRR AT RE R TR M RIfRRE T, (RO T iX—2%
VHIER 56— HEk = A2 AMEIRATIESE ., Takamura % (1992) 3B, 76 H AR
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Y W K AR B R I, KRB TN /TP HEEAHES/NT 10, 1w B K AR
RIGEEELE 20, AT KR B T2 S A B2, DR T I AR 28
FF Xie and Xie  2002) FISLIRIITHZMSY (Xie et al. 2003a, b) FH,
[EEE IR, SRR R R FEOKK pH B9 ETF . DTt i Ui
Y BE RE B, IR FBUKIR N /P i BB AR, IR N /P HOAS i ek AE
T R W R T 5

7S BOKWIAE IR KX R P A far )i S s i

1. FAR ik AK#E GRH¥) WIE P 5 8 W sh AL #|

FEHERIAZE (Jeppesen et al . 1997, S¢ndergaard et al . 1999, 2001) BF5E T
265 P A WA B K R R BE (TP FEAAHX FARMEME AL (F
3-24), AT HTIEINA FER B E SR (—RNAME T TP S/ 0. 15
~0.58 mg P/L), VIKAL (—PBIARCEEIKEE R 1.273.2 m) KX /N
(WA 17137 hm' )5 FEBFSEAWIATE L K1 10~ 15 4E Z /D4R

400

W E=20 TP<0.05 mg P/L W H=80 TP 0.2~0.5 mg P/L
300 4 No.of lakes=26 No.of lakes=80
200 1 A
=
S 4001
S WHH=38 TP 0.05~0.1 mg P/L =53 TP>0.5 mg P/L
& 3004 No.of lakes=38 No.of lakes=53
S 200+ \/’X/\\\
% 100 _—m
&
H—’ 400: N T T T T T T T T T T T T
® Wi H=68 TP0O1~02mgPL|] F M A M T J A S O N D
g g
5‘:‘: 300 - No.of lakes=68 F 4 Months
&
200 \/\\\
100
O -

H 43 Months

Kl 3-24  PHE 265 ARLEBRACHINA R BBERE GINT4% 13 A A28 1
WA MRS ZE PR B B RS (51 S¢ndergaard et al . 2001)
Fig. 3-24 Seasonal variation in TP concentrations as percentage of winter values (1 Jan to 31
March) in 265 Danish lakes with different categories of mean summer TP (Cited from S¢nder-

gaard et al. 2001)
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FAE 10 K, BNNAIRER A, B RZREE, Ml R SR & =i =158k
SAREFACEEEEADC . SENAN SR A =N T 0. 05 mg/L B, TP AYZ=TY
AR, BEFESAFNEFAR, (R EFRNHATT G S Ham
EEESEE T 0.1 mg/L ), HEM TP S —MILAFE 2~3 5, Wit
Ud o TEVIK AR IIK rh 5 2 ORI B2 T v Y B GBR 2 7E wT B SR ITE B2
B, X EIRA RIS R Rk B 5K B A BRI, AR R ZEUE O T
SETUBRINIE A G455 (S¢ndergaard et al . 2001),

S¢ndergaard 55 (1999) XJ 16 N FHEBIARVIERY HBER A B (P-reten-
tion) HEAT T I 8 AERYMITST , KX SETAAR B 7K v 22 2= 11 27 S Btk B )
R=AA TR AR RN . B, EE SR, KA R, T
HNTZEH BRI (monthly mass balance ), XFEEANBITAR EZEAIKIT (main
inlet) FEI3FIETSAKHRB I ZE 15284 , AR RAE 18726 I, XTI E Y A K
H o, DRSS EA TR Sy AR BTk, SRAEERECE D —28, HUKE (outlet) )
BB H R 2 Ik, ABAE AR 1 IR (RILEAE 19 R, BTtss i A S
FRER I DT 045 5, (EOER AL 10~ 15 4RERIEAT T 6 faf A I8, At AT
LRI TR e B I 2= T R TEAN R B T TP A IR R S 5
WA RS 1<20. 1 mg P/L I, JURRYIh i F- 240 B 38R 7~8 H A4
EE s KSR B >0, 1 mg P/L B, BT B SRAE 4~9 A ¥R TE ,
PLS AT AffEiRK GRikdNESarg 5070 ~6500 ), TIFE 6 1 By 5 i B8 Sl
— N CREIEAE 0.170. 2 mg P/L MINA) (&1 3-25), Ml , 5 4
REHEEFRINA D L BAAR A T B AR 78 36 A RN Wrg i 8 A= 1% sl iy
THIRIF 4 24 K AR TR Th B RE T

S¢ndergaard 55 (2001) ZRa &R SCHRS 28 1 X5 LR B Wi A8 ) 1) 221572
RIS EFACE R Z U] e e, adh . OEIRET &, AR
5 TCALBERE ARG N ; O F EFRWHOCEEN S8 pH THE M Ekukiy
R s OS5 YA 7 SR A SR A AL TR A I GX7E
B A P RIS R B VIR B B Re 1) s OEZE, WA A LT f
PSS A B s, AR AR RRERAE DT h B R BERRAIR , 7E s & ik
BEEIA T, R TS DT R IZAM)Z  (oxidized surface layer) f)5
FE . INITAT g2 R i AR R BURT) (redox-sensitive) BEMEH.

S¢ndergaard 5§ (2001) I\ Hy, ANl 3-25 PR IR L UURR Y BT B RE I I T
KR e 5 3 oK e I Ui sl W A 4 1 1) 1 0 DA R G T Ui R 47 P A1 T s >R P 7 7K
(clearwater phase) A ¢, XAReE AT JLRHLE] . A HLSTHTIE R F B> T %
A RTHAE TG I 1 48R 25 1 . SRR B it s 1 A R A 7 1 K
TGN Y B BRI R A A AR E . AT, TEA LR s
WSS ) B PP i A= Wy A S I A4 3R a D/ 3 B R 184 i DA TS 8080 K v
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Fig. 3-25 Seasonal variation in P retention within three different categories of mean summer con-

centration of TP in 16 Danish lakes measured for 8 years (Cited from Sondergaard et al. 1999)

2. KT T Rk A (E3HA) WIRE P AT H IR s AL

S (2005) XK R B IX 33 SRR (&l 3-26; 1. Fg il
W, 2. VUIRBEMW, 3. ARTBEEST, 4. PHEI, 5. YL, 6. KREEM ., 7. AT,
8. ZLAEM, 9. =H-E#HI, 10. BrEUH, 11. {#42H . 12. £, 13. R,
14 FKUEM . 15, A= 1L9, 16. FEEW, 17. BT, 18 JEEM, 19. JRFH,
20. UKW, 21, =fm. 220 AFEW, 230 :EW . 24, BRBHB . 25. Kb
VL 260 BHERH . 27, JE0H, 28, @i, 29. JRJEGHT, 30. A, 31. HiE,
32. 7R, 330 fEKID W) TN/TP S TP BAHSC S RIEAT 75T, AR
[ MREA KT (7~9 ) FEAERERAE R @2~5 A, ik 4
K47 A AR RS,

ZERFN], EFOOEEGE . N/P GBS, mHYS “dEAERKZFEN” M, “E
K=Y BN/P IR N EE (83-27), WEEER , N/P AL 32
J& NOs -N il NH/ -N BRIE FFETEL, T TP AR R (% 3-4), B, 1
AR RE R AR TIREIN A ER O A 8RR A ) MEE o
RS, IR RBER T WK A TN HeE , R A S T TN /TP L,
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K 3-26  RICHRF 33 NBAMTR BRG] A RIELEE 2005)
Fig. 3-26 Map of the 33 lakes in the middle and lower reaches of the Yangtze River
(Cited from Wu et al. 2005)
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Fig. 3-27 Relationship between TN /TP and total phosphorus (TP) in growth season (A ) and
non-grow th season (B) (Cited from Wu et al. 2005)

X SR MEAT B IR SL S RO ML BT o 5 2 TR A B R T
. WEARIMAE, 7 33 MNNARIE A f, BRI PR ALY 00 A Y
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oL SRR P AR,
F 34 KIFTHEINMHAPERETNEERETEEFRRERZFHFEDEYEN
FHEMEINEEAILEER (mg/L)
Table 3-4 Mean concentrations and ranges of various nutrients and phytoplankton biomass in

growth and non-growth seasons in study lakes (mg/I.)

AR TN Growth season JEE K2 Non-growth season
NO3 -N 0.604 (0.0467~2.063) 1.017 (0.1327~3.337)
NHi -N 0.358 (0.0047~6.541) 1.295 (0.004~12.202)
NOz -N 0.052 (a~1.205) 0.067 (a~1.202)
TN 1. 604 (0.130~14.88) 3.184 (0.055~13.69)
TP 0.16 (b~1.75) 0.15 (0.06~1.95)
TN/TP 20.47 (1.9927~331. 144) 31.381 (1.3097~278.597)
P UL A D Bt 2.236 (0.0117~21.42) 1. 678 (0.004~~21.86)

Phytoplankton biomass

a<<0.003 mg/L; b<<0.01 mg/L
(3] B S AEHL4 2005) (Cited from Wu et al . 2005)

+t. & i

RS A e il AR 2 o TR, ] IR A 2R , 72U
STELZ BT GERIEH A KRN N/P LA RE . RIFTE Y Red-
field LLfil) , WEBEEATEPULHE, XTEEFACEAIRTRAL, N Sk BRI i
TS B A AT RIS, Xt 80T TR s e IR
N/P AU R4 5 (AR KR R R R & B3 e B Ik, BEAER
ARG . BT A ZBR G T IR BRI 5544 T ris 1) N /P
PN B AR AR R & B 5 S IR AR T i B K AR 1 28 R BT

BRI A 22 RIS TR AP s R, 7E &SR IA s, 1
KA R FEBOKIR pH 0 BT, Bt s S U Pk GRARZ2ED 1)
KR . A REOKEE N/P B EREAL . K N/P A K2 L R
PITRZE A, AT DA, KA F2 K8 R . B 2R TR A P W) A 7 B
pH ETFHIEREERK , WU s th Bt 2, Xt 2 MR AT e 7 FH 22 11
265 AT WK TP &E#E 0.1 mg/L), WHABbBEL (2%
B TP S AT LA 23 %) MBS, ERITH TG 33 Ak, 5
ZRZEMI, B2 TN/TP WA B EREAL, )& TP AL A K, 1 NOs -N i
NH{-N 3 i, FEREH TR ER ST AME<) MA
PER =R s,
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FNE ZFiEEYX TSN R AR pH 89530k

A =R P RATES] . EBUKEMRR FEOKK pH 1 ETF, X 2R
HAAERRT COMRmFI, oRAEMIRNRIEITE , (O TA. Jfhit.
FEAE AR AP A SRR B A 8 X107 kg, KA HREZI N 6X10" kg (IF
368 2002),

KA, LR (BRI CO MIBRIREM ) RIF I YOCE1EH
FHLYE R E IR, KT B TSR PSRN 32— RO = AL 2E A
Y BRI, B, MEYDESAERIEAE CO: , R 2 YNFNAEH =4 CO: ,
K HKFRAN CO A HCOs FA . MEAYEERZE (1 CaCOs ) MYIEAL. CO:2 K
SIBEAE . KR ICHURR AR AEIE SRR 1 A= DG PR AR A= P oA K A AR
FHIEAR B 25 5

—., W 1E

1. B B A 4 18 31
1) *&/1ER
KAHH COHEARAEFUK LSRG (K 4-1), GEOMYFAEIE @G
HOER MR WRBOLEE E) #6168 AR [
WA CO- J ) MRS, ) SRS LB L M 2. L& E R B R =X
ﬁn_F:
6CO:+ 6H20 + E—Cs Hi206+ 602
(2) FRIRAER
WRDCEVE A1 — 5 A I & I TER Y A N BRI BE (grazing)
FEE (decomposer) EWIEELE SR N B o r= LI RE = . CO- FIK .
CsHi206+ 60:—> 6CO:+ 6H:0 + E
XIECEVEHIE R
2.

B 3 £ A 18 2

P B ER P ARG B A 1 3 RN T R A TR 2 i A e LR S
KA AR ], XA EE, CO B kB R A, XU
YEHPTIHAE (K 4-2),
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Bl a-1 AR R EE (51 A Chiras 1991)
BRTEERSE (25 RK ) SAY IR Z M RTERE . WO M B2 AR . Wi . WEE M.
TR SE A YR IN L Sy AR IR LA HLI B 23 M DR BRI CO. o (TR B 2145 LA KR 2
Fig. 4-1 Schematic of the biochemical carbon cycle (Cited from Chiras 1991)
Carbon cycles back and forth between the environment (air and water) and organisms. It is trapped by
plants and algae and passed to herbivores , carnivores , and decomposers. Carbon dioxide is released by the

breakdown of organic materials for energy in these organisms, thus continuing the cycle

L LR IE RS

SRR CO: WP & i (LUARBURE) K220 0.035500 , RAHHY
COFE/K IR EE , 72 0CI 2y 1.1 mg/L, 7E 15°CHF 252 0.6 mg/L, 7E
30°CINZ N 0.4 mg/L; 24 CO: W MRTEK I, WD & A BARKER (un-
hydrated) COVKEE (AR 45 KSAHML (Wetzel 2001) .

CO: (%5 )=—=CO0: (FfftE)+ H: 0
Ve COld — MBI, CEEINZIN 15 5) KA
CO:+H:0==H:CO0:s
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CO,release

Subducting plate

R R

Carbonate metamorphism

FE 4-2 e HERILFIEIR R R (31 H Falkowaki 2002)
CO2 M P 0 10 38 35 M 11 L 11 o ik 5 B0 P R b, €02 55 3 7 ol 1 Tl i k0 A7 52

We. B Mg M Ca® L il Mg A Ca WAL WL AVEPE, fEWEPEN . Mg A Ca SLABRIRER 1050
B UM B TG LR W60 CO TR R TR 10 2% F T BB . A 1 55 L B
Sz o

Fig. 4-2  Schematic of the geochemical carbon cycle (Cited from Falkowaki 2002)
COz2 is outgassed to the ocean and atmosphere from magma chambers feeding volcanoes at mid-ocean ridges.
The CO2 exchanges with silicates in soils and rocks , and mobilizes Mg ion and Ca ion , that are carried to the
oceans by rivers. In the oceans, the Mg and Ca precipitate as carbonates and are subducted into the upper
mantle at plate boundaries. CO2 is released from the subducting carbonates at high temperatures and pres-

sures , and accumulates in magma chambers, where it feeds volcanoes

7E pH<8 I, X — [ Ni i 325, IKEF-HF H. COs AL 4 ARK G CO: 1y 1/400,
M pH>10 B, FEZRW K CO:+OH =—=HCO: , H:COs AFER . HIXHFKE
SR U R i 5N
H:CO:——H + HCO:; (pKi=6.43,15°C)
HCO; =—H' + €O} (pK:=10.43, 15C)
BT PR B B AR A AT I T i
HCO:s + H:0—— H:CO: + OH
CO: + H:0—— HCO: + OH
H:COs=——=C0:+ H:0
AR A R PR 35 1 3, AR BRI, OH MR HCH S 8ok
PR
el ERE AR, ATLUESE CO2, HCOs F1 COT BN ELM , 76 pHS B
LAFE, AKPiees co: difi#s, pH>9.5 B, cOi (%, iy pH7~9 i,
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[ 4-3 pH 54 F DIC[CO: (-+ H2COs ), HCOs A1 COZ JHAXT
HLBIRIEER (BEH Welzel 2001)
Fig. 4-3  Relation between pH and the relative proportions of

inorganic carbon species of CO2 (- H2CO0s ), HCOs , and COi
in solution (Modified from Wetzel 2001)

FARKIAAHY pH ZEAR RAREE 245 T Ho COs B a2/ H AT HCOs /KR
FEER OH . HERKIRR pH ZESEBIAR K 2~12), (HRZHTT I
pH R 67~9, MM HAP R ZEWIIAE S “IRIRAERZEAL”  (bicarbonate type ),
CO:-HCOs -COT REHFEMEMIRR . BH55H R% pH WX FE (Wetzel
2001),

= RICHSEAR AR AR i LR A LI 2

AR TRE T KR BT RIS A 3R . FriE S A 2 da i se b i Ve H]
TR ST, 20 Y s B SR, o H L ml o3y o e B
(igneous rock ), TIFA (sedimentary rock ) /KA FIZE % (metamorphic
rock) =K, ERERAANEMR, s A AR 64. 70, RHAEKE
BEM L, DIBUE AN E ISR, ST PRIR 73 A S MR DTS FI A TR TTT
B . ANEVIRVE R P Bt 32 20k A TR Z A1, 7 N BEIRRE B A (BLFE ik
WA B E R EUA ) FKILEERE S, WIRTIR S RO B B0k A TR
Hiu b R i ) B o A 2 AR WA 2 T TTE T oK, 4% 3 i AN [) 53 S ke i
HLOBRIUE . BRBTE . BUE . BEBUE . RERUVE . KA MIRIAEAILE . BRI
A GRRER R T 5000 ) EZM I A AN = A IR BRI LT W2, 5
AR EBSARUN A KEFH =4 3 NIBRIRER ISR E |, kIR E TR E
TEFERVEY K . KEE 10~15 m BT K P IURm K, RIREL A2 &
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DUBUE Y 2000, ZEFREIX— L3k 5500 , HEBIAEVE pE Al b IX 23 A )12
(CEHZREFE5E 2004),

KR 5 R FEAAAE 0 2 (M P 22 5, FERRIRER 5 DX IRt v 1Y)
Ca’ ., HCOs ., BIHES T, MM pH i THM YA 1 (RS, FRRA .
Kila, WAMITER) HIX (Chapman 1992), #4528 32 20 BN BRI
R STRR M = . HCOs 1 67. 220 Sk A KA, 28. 96 ok A BB £h 2 41
Ca’ [ 62. 000 Kk ARIRER A (R 4-1).,

®41 BRIEFARMESKARBRLENIHE 00

Table 4-1 Contribution of the major sources of solutes to the total amount of solutes in

rivers of the world (0 )

TR B TR Solute source AT Area of rocks Ca”" HCOs

KA CO2 Atmospheric CO2 — — 67.2

VR 2B A Ak % Plutionic rock » metamorphic

33.5 6.3 0.0
rock and volcanic rock

& M A Sand rock and shale 48.9 21.9 2.4
Wik L4 Carbonate rock 16.3 62.0 28.9
7&K % Evaporite 1.3 9.4 1.5
WEFESRE Marine aerosols 0.4

(5] A B4 2006 ) (Cited from Chen 2006)

KAIL SRR EERRARRL 2 — S A RRFRER TR . 1 H2 b ekoR
o HCOs AHXF Fe i KB 3 (& 4-4), RORBRBRER A A CHKAE) 250
TR, BT RHIX, MR e F 2RI T A A XU ERT (R
2006), KILH Ca” Al HCOs WREEMFE (191 A3 & 34.1 mg/L A1 133. 8
mg /L. (Chen et al. 2002), TMi4ERI Ca™ Al HCOs ¥ F{ESM514 8.0 mg /L.
F130.5 mg/L, FEIMBCEES 9 13. 4 mg/L f151. 8 mg/L. (Meybeck and
Helmer 1989), KITH I HCOs 0] B TR 64% . Ca’ (B F R 162
(BfigE 2006),

KA R X A R, HCOs 0, ani s Xy 30 2 i i 4
TR BE—TDGHIRE . R = A AN ED B AR BRI 1) HCOs R B2 S 34E 53 51 R
106 mg/L, 103 mg/L H1 82 mg/L, 1 COT M BEF-HEALS3 51K 1. 14 mg /L,
2.51 mg/L 1 0.31 mg/L, Ca’" WREESH 36.9 mg/L, 36.0 mg/L Fl 25.4
mg /L GEAGH % 2006), WYL FifH XHARZE (0720 em) JUE)H R
KH HCOs WREE — BRI 40 mg /L, AL AN, AR, Kb
A5 BB 5 mg /L QUGS 2006), BT HCOs (HH0H, KITH T i
DX — PR O B o Qi iE kX 28 AN IIA A A, pH X 7.83 (6.4~
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8.5) (Rt 2006),

O Parana

O Congo(Zaire)
0O Orinoco

Rio Grande OO
Colorado

Si% CI'+SO7 /%

B A4 RYCS RIS A gL (51 A BRifAE 2006)
FISAARERRITE TR MG s o fURKITE Fryh A ; ORI R I

Fig. 4-4 A comparison of ion composition between Yangtze River and other large

rivers of the world (Cited from Chen 2006 )
The shade area indicates ranges of the ions, and @ denotes medium value of the Yangtze River,

while © denotes values of the major rivers in the world

VU PRIFAE R TCH LR AR SRS pH 520

TERK R G, kDAZFIESAEAE . ABIEAR T A L ASHR S 0 7 IeAE ) o Al
Mo AR SRR S 82 P RS 51 L (BRI H B8 5 A8 Ay
KRETEFHIEAR

FER DIC Y, KA CO AL 1% . (HlT CO: A H P (electric neu-
trality ) FptE , CIRBARETCH LR fE— T DL3E 1 98 shdH850a o g i i e =X
HIT HCOs —~CO: WHEHseg , NILFEmR 24, N5 1 TeHLmzE h s
FIRE PRI AG P PR A 1 CO:2 AN FE I S T3 2218 (Riebesell and Wolf-
Gladrow 2002),

TYIRRTEDCEE R B AL REE S8 Gy . CoR A CAM M%), Cs
Y RIETEOCEERE ROV R . —4 CO B — P Tkfb &Y (1.5 R

.81 .



KAk . PR RuBP) [5E J5 12 UM A =& (3-fkm H M), R CO- 9%
B J5 ST b G h &8 = AR, BTLARR CAEW). CotEH) =46 1E
A VEH RIS SO R, — CO B — A = MR F LAY iR I
KNEARR ) € 5 B B & AR FRA IR Bt CIR ), APy Citd
Pr. CAM (GGERTR) AR B TR RS AR, 5 ot ) — e T8 E
CO: [ JE PEP R ALK . IZBEEXT CO2 WIZEM JI KT RuBP JRILEE ; CAM 4
TERAITFHCAL , WSOTFREE COIBREIRR . BIRISALICH] , FIHA EIE Y
SERTR R TR CO: , it CifRTE Bt

Cs BERR CRIRSUIEFR) B /S/2TE 20 t22 50 4R RS « RIRC (Mel-
vin Calvin) SFEIRY, BORBERR HIMERZ CO: BE e — 2 ny Y, HEAR
B 34 CO LBy, T 14> CO40 15 1A Tifmhl——RuBP 73 T I AR
B, TRBERERAL A Co Rl . X E BRI 2 45351 3-PGA (I 4-
5), HEAIX— SN IR BB R AL /I , AR Rubisco,

R AR BRI R ] L VRS CO BT I S A KA K A A ) B 2
GFIERIE, VF 2 BESEHUK MY E C R, LT E 2 ¢ iz
95%0 TAAERILEE (carboxylase) A5 LA CO: B ML (Raven 1984, 1995);
RIELEALREE (carboxydismutase) Z 5 RILALIIN , 724 [E Bk B B 0] 7= H)—3-
BERR TR , AW 0, RBUKER COAENH HIEMETT (Wetzel 2001),

VLB YUK A RER FINFES CO: , (B R WA TR M K A 44 oAl
PITEWERS CO: MHELAAER DL HCOs FEIFRE COT K13 COx 5 A D H0H
KHTE HCOs , MIUATFE CO:IARRAER ; (AR THREE S MY ie
T HEAERML COT MBEAHIRIEYE (Raven 1984, Lucas and Berry 1985, Wet-
zel 2001), YWSEPUKAPIBER A COS I, 7 ZBUAMY ST HCOs [A]
b (MXAE CO2 [ AL I 2 AN T B0 ) . AR B 0 75 7 40 i o7 v 28 47 0% BR Y
CO: TR B HCOs JBizK (dehydration ), FF: it 20 [F)RE 36 BR (6 4% (b2 -
(stoichiometric) ZHRFTTRH OH AYZ I, BEWRISAY CO: fEBRFREERE (carbon-
ic anhydrase) FIVEF N A S HR CO2 [ (Wetzel 2001),

Vs e oK iR B JCHLBR R HCOs T COS . STVFEHYRUL . X BFIE
KIBAZ BRI 5 AR T2 ok 3, CO2 FEAK VR R BE A6 BE (4 TR 12
SRELDEAVEHI AT > CO2 , A B w A . KRR pH , EIY CO-
WIS RAELUT RO (A) AT (B) SEBE HCOs [1] CO» BUREAL , HA5HRES
HpH M LT, & SERKES, SEAVERTRE T2 CaCOs IWPTTE (K] 4-6),

HCO: +H — CO:+ H:0 (A)
HCOs —>CO:+ OH " B)

TEWIAE T T s B SR KAR . p H PR e As ) A P it ke 2 T 22 90 ) S )

HARE (& 4-7), 40 pH 7 24 h IWAT I 6 _EFHE] 10 s PA | (Wetzel 2001),
.82 .
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Kl 4-5  Rubisco fEALBIPIRRIIN . BRSNS (51 H Buchanan et al . 2000)
1A 1.5- BRI ER  (RuBP) I3RS AR 2 A~ 3-8 B HIMER (3-PGA) JF 1. RuBP B4R
BAER LA 3-PGA 43 F R 1 ABER QTR , BEIR & BEMR ARG A M h % B AL 1 4~ 3-PGA 4+ F
Fig. 4-5 Rubisco catalyzes two types of reactions, carboxylation and oxygenation (Cited

from Buchanan et al . 2000)
Carboxylation of ribulose 1,5-bisphosphate (RuBP) yields two molecules of 3-phosphoglycerate (3-PGA), the
first stable intermediate in C3 photosynthesis. Oxygenation of RuBP yields one molecule of 3-PGA and one of 2-

phosphoglycolate. This Cz phospho-acid is converted to 3-PGA by the photorespiratory cycle

1E Octopus IR o X A IRER gt 38T Bl i A o A, TR DL S
VR AEAE 1A 1 mm BYSREE R, EORAE B SRR T ] A OKAL . e
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I I
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pH #j1 ——
Increasing pH

JORIAE F 6
Photosynthetic
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[ 4-6  IRKRGH pH- A bi-IRFR EAR RS (51 Reynolds 1984)
€Oz, HCO: FICOS AyAIN e 52 K IR pH . — A4S B vk B8 25 AL g i — P R A R 3, B A
TEFIRE CO2 J4 8 pH LA B MIRM (CO; ) By stk
Fig. 4-6 The pH-carbon dioxide-bicarbonate system in freshwaters (Cited from Reynolds 1984 )
The relative quantities of the three components, COz , HCO3 and CO§7 , determine the pH of the water.
Changes in concentration of one component shifts the equilibrium. Photosynthetic withdrawal of COz2 raises

2— . . - .
pH to the point where carbonate (CO; ) is precipitated as the calcium salt

200
4% % a Chl-a

100 +

P<R P>R P<R
0 T T T T

6 12 18 24
ff 18] Time/h

VAR B MR BT Degree of dissolved oxygen saturation/%

Bl A7 8BS R AR EE R pH BERIZA: ™ 71 B AR fR I 3R
GIE=| Chapman 1992)
PRERFEHATTT . R FHSEI ) R
Fig. 4-7 Model of diurnal cycles of the degree of dissolved oxygen saturation and pH with the
changes of primary productivity in eutrophic waters (Cited from Chapman 1992)

P denotes rate of primary productivity of algae, and R denotes decomposition rate of algae
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AR I O B EE . it TOLGAERIRENAE 1 CO2 . SEILAL pH IR 2%
A EEDKE L 2 A (B 4-8) 5 MIAERIE], pH ST He i 22 i il K
i 2 A~ HAE

(A)  JeA1EH Photo-tsynthesis  (B) % Oxygen ©) pH
0 %
£ 27
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i
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mmol O/(dm’ - h) umol/L pH

Kl 4-8  1E Octopus il SR AYH AR B , ZEBDE B A IE . FATRCRBIE AR R
JEATER (A, A B) M pH (C) MIEEZEM (311 Revsbech and Ward 1984)
Fig. 4-8 Microelectrode measurements illustrating vertical distribution of (A ) oxygenic pho-
tosynthesis . (B) oxygen and (C) pH for laminated Octopus Spring Synechococus mat in full

mid-day sunlight (Cited from Revsbech and Ward 1984 )

T, PRI AP R R SRR pHBYAHSCE R

FERDURIIH T FEIRR LI RISy 5KK pH Z ) 2 18 2 1 1
AHSG (BT 4-9 FIE] 4-10), HERAEYra#m iy 2000 AEAHOCHETTGT s OB PIAERY
HERPIHER , #FE (8. 12 vs 8. 13) FIRER (0.01 vs 0.014) F23H1IE, ik
MR, REEERAY RS FTIE 70 mg/L CEEEFRERR AN EAR A 2001 4F)
5 100 mg /L CHFAIEFRERMREEAXIHE 1Y 2000 42), pH FHE 20 1AL,

HWE A RENERKERK , Y RIRPI SRR KM, KK pH 5
PR (10.4), BRAEYREY pH ZIAFFERZ R IEACHE (8 4-11), FHF
YRR 15 pH Z AW AAAE B 9 IEAH G (B 4-12), ARIERERIER
REEEA YRR FF 37 mg/L, pH FHEZ 1 A0,

T B AR IR . SR A VAT D KR T CO: By & R MBS pH . 1izkK
FEFNUURR 2R T P A E ™= A2 CO2 XATREAI pH. 53—, A e &
% (microbial methane fermentation), % i) fEtLYEH] (nitrification of ammo-
nia), FLAYEAL (sulfide oxidation) W HEEME I CO: Wy F= A J BEAK pH (Wetzel
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2001), AN, fHEREEEIAAEH  (denitrification of nitrate) ZER4rT2.. i
RRAL RN . I ek 1 76 A 5L pH RIS AOH T (Kling et al. 1991,
Dillon et al. 1997),

10.0
[ ]

95

9.0
T 85

[ )
. o r=0.553, P<0.00001
8.0
o y=001x+8.13
.. X #=150
70 . . . .
0 50 100 150 200 250

Y YR Phytoplankton biomass /(mg/L)

K 4-9 2000 4F 779 F AR ANEIK P A Wy A pH Z BIBAISCSC AR (IR i
AR AR R AR TR

Fig. 4-9  Relationship between algal biomass and pH in the enclosures and the sur-

rounding lake water of Lake Donghu during July-September of 2000 (from unpublished

data of Drs. Ligiang Xie and Huijuan Tang)

2.0 r=0.361, P<0.00001
i .:. y=0014x+8.12
75 0;" i =160
70 1 1 1 1
0 20 40 60 80 100

FUHEY Y E Phytoplankton biomass /(mg/L)
[ 4-10 2001 4F 7~9 FZ< W) BRI AT A h o S A B A pH 2 TE] R DG G 2R
CUR A S R i A R AR TR R R Bk
Fig. 4-10 Relationship between algal biomass and pH in the enclosures and the surround-
ing lake water of Lake Donghu during July-September of 2001 (from unpublished data of

Drs. Ligiang Xie and Huijuan Tang)
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Fig. 4-11 Relationship between phytoplankton biomass and pH in the lake water of

Lake Chaohu during September 2002 and August 2003 (Modified from Deng 2004 )

r=0.542, P=0.001
10 y=0215x+777 o
n=36

7 1 1 1 1
0 2 4 6 8 10
PRI YR’ Gross primary production of
phytoplankton /[gO,/A(m’ - d)]

Kl 4-12 2002 4F 8 A ~~2003 4F 5 A LI TP BirE 00 2 A2 1A pH Z [8] AR
KA. TFUAEYRIS A TR EDREIE (g Aid el 2005)

Fig. 4-12  Relationship between gross primary production of phytoplankton and pH in

the lake water of Lake Chaohu during August 2002 and May 2003 . Gross primary produc-

tion of phytoplankton was measured by the Winkler method (Modified from Guo 2005 )
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&, IKAEBRGE T ICHLUR A AAAEE 2Rk 09 A P PR AR AR 0 P A B E
THAS L5,

BAREIOCAEIEHYS pH MCRIR TGRS, (HRAE A TC I R H
WE Z B ERER . ATREH T/KH CO: B HLE] 08 2% . ZEIRA K
S, DU 7K S BN A G S 2 s, ik it BRI A7 B b
AR R A HAER

R R PR YA 2 MR R IR Eh K R, HCOs 1] /5 8 Boam i) —2f L
T, KRR pH SESEE GBIZKOTH) pH7. 83), MR R IUAR 1 10 P % 5 3 #i
i B A R RRR ), wEAY RS T 70~100 mg /L, pH FHE#y 1
AR 5 MARYE SR MIRAR B TR . B AEY A Tt 37 me /L, pH FHEZY
LAY, H pH STRIFAEYIRI A 5 58 B IEAH Gk,
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FHE MRMPHIBRERR

TERSRKIET, BRI Z R 2R R BERRE L sUAF AR . B — S MR D & v
R, BRI AT LUSEL pH 1 B T, I AT REVE T UUERW) T 9 R R
e AR XAEFIPLE S DU PR A IE A I SE R 7 pH LA R ER
SRR AN na Ry i A R 2

—. KRG EBHLEY

TERRR IR S T 2% . AR FERIBERR L . REA RIRIA AT
FRU . BEA IRt B AR . R, BERR A Bk, SRS NS Rl
WIS R, FERTURYT s i

L ¥ Wegasitem

BEIRZIRININ AR KVER s AR RBEIR (n > Hs PO P P2 n—1 4
H:0 43 SR (n > Hs PO T E nA> H0 43F), TEIEBEIRER T, P
JEFAE D S0 T IR BRI TS A aBEIREL — SRR I R £k
JEHT 2 ANEE 2 DL R IEBRRR AL A 45 S, IR EA P—O—P RRESE ; RBERR
TR, MiMBERE VIR ZRORE ILRIR (Hs PO ) 38 (R
[ 2002, ¥R 2002),

#5192 VKRG W SHHL S Y. XS G YRRIE 405
e, BEO, TEREERYATETS K, IEBERREL . IREERER . MEURRER A LR
£ CABET) MBS 5 mg/L, 3 mg/L, 1 mg/L AVNF 1 mg/L (BRI
2002), TEALGERIBEACK th R ZH L R W ER S vk i B3, DR SR B IR R AT 4R ik ok
i, VEURSEES , Ky & Bk & W B UE R K — B IR AT T /KIE , A
VLWL W, SO AR K TR FEORE, 7R T B R REEREE (RS
s BT AR KK, MRS E R EHE R ER . REREER
EHEATHIH CaCOs ARRIEIL , T Ca™' . Mg" | Fe'' %5 B MR FR E XL
MRS YRR . WA ISR INRE s A . BRSOl sz
iR, andn BTk R, AP R (RRBERKSE 2005, mknE 4 2006), #an, 7E
KRN T, SR BERR AL (STPP) J& — FlvE 22 (1% L 7K 70 Fl 8 11 ot A 7
(Park et al. 1987, Thoarinsdottir et al. 2001), LA NV EIEBIRERSS,
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x51 KEGHERERHNSELEY
Table 5-1 The most common phosphates in aquatic systems

Sl HOREEH E R LI i 5 76 2
Dissociation con-
Groups Typical structure Main species stant of acid (25°C)
i . 5 P Ki1=2.1
IERg R S HsPO(. H2PO; . HPO! |
O*IT*O \ ) pKa2=7.2
Orthophosphate PO . HPOI LAY
I P o 1 1 D'WJ pK;,.:s:lZ.S
o [ - pKa1=15.2
O—P—O0—P—0O HiP207, H3P207 ,
| | - . pKa2=2.14
O O H2P207 . HP207 .,
e i pKu. 3= 6.6
B P207 , HP207 &Y K —qs
) Ka, 1= 9. ¢
B £ Pyrophosphate !
Polyphosphate (ﬁ ? (‘_-‘)
'o—f|>—o—}‘>—o—1|3—0‘ H3P50% , H2P50%; . pKes=2.3
o o o HP3;01, . P50}, , pKi.1=6.5
=R HP:0l & pKai5=9.2
Tripolyphosphate
O O
\P/
07 M0
. L 1A
WMZ‘;WZZ%A P P o 3—
/O N\ __ HP305 , P303 pKas=2.1
Metaphosphate O
=i IR
Triple-meta phosphate
OH
CHZO_ﬁ_OH EEEZL B S
0° WRRRER AT IR | B 1 45
A LR L There are various forms,
Organic phosphate HON\OH OH including phosphatide , glu-
OH cose phosphate, nucleotide
HWEE 6-EIR R and phosphamide
Glucose 6-phosphate

(B A BE2A R 2002) (Modified from Chen 2002)

2. R MEE

Wi (HsPO) A 3% (—OH), ER—1=J0M ., A =M#ET K
(pKi ngznga ) :
H:PO: == H' + H:PO: , pKi = 2.12
H:PO: == H + HPO! , pK: = 7.2
e 90 o



HPOi — H + POl , pKs = 12.36
TEAFRR pH 26T . = FBERR R 1~ BE A Ll an &l 5-1 o, pH 7E
HPERNE (pKo=7.2), PIRMBRIRMRES TIREEZI255 1/2, pH<_7.2 L H: PO+
JFE, pH>7.2 Ll HPOT JHZ,

100 H,PO; HPOZ
°
=
RS
g 50
—
&
R
0 1 1 1 1 1 1 1 1 1 1 1 1 1
1 23 4 5 6 7 8 91011 12 13 14
pH

B 51 pH 5=FMERET (H:PO: . HPO! . POI ) WRIEAIXS LB R
(7| A ZEREHESE 2005)
Fig. 5-1 Relation between pH and the relative proportions of H2 PO, HPO! and
PO (Cited from Li et al. 2005)

BERR TR RS PR EO +5 (e, HERIFE A HNOs AR, JC
TEAERRIE A LA R A

3. MRE ARG ALK

AR A BRI R G TR 40, INBEIRES R GE . A 2 EHART LU L
(MJRELLFR 5-2 IR HIA B 2182 ), DIFRIEE A M) . A6 LAY () KSR K Vs T vk
BE. pH RNREESRMET . FRIEwE A 2T 2E R 1 A

Cas (P01 s OH (s ==5Ca’ + 3POi + OH ,K,=10 "’
R
[Ca” TX[PO!I” TX[OH ]=10""

£ pH=8 fl [Ca” ]= 1.5X10 " mol/L (150 mg/L, Lk CaCOsi1) FyHLAY
T,

(1.5X10 ° Y X [POi TX10 °=10 "’

ik, [POI 1= 1.2 X 10 " mol/L 5 3.7 X 107 pg/L (BT

THEFTLAHERT , QSR RAR AR Bl A AT, el SR R AR K
P TE PR R v B 32 R el AT 1T B . ) K s hn A IR A R RE (R R
A RHDTIE K, SR, SCPR_ B2 ER A RS (75 K T A BRI R B i i
THENSTHE R R . R BRI KA IR RS K T IEREER AR ) A
2 (R 2002),
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®52 RRUBEBHBE 5 CHNBERES
% 52 Solubility-product constants of typical phosphates at 25°C

2 Species pKs

IR U E5 4

CaHPO: (s)==Ca*" + HPO] + 6.66
Dicalcium phosphate
WL — 55 S

Ca(H2P01 )2 (s)==Ca"" + H2POi +1.14
Calcium dihydrogen phosphate
FIEWE IR A ; .
’ Cas (PO )5 O H ()=5Ca’" -+ 3P0} + OH +55.9
Hydroxyapatite

R =47 . .

’ B-Caz (PO1)2(s) ==3Ca’" + 2P0} +24
Brtricalcium phosphate

FePO1(s) =Fe'" + PO} +21.9
Ferric phosphate
WL R

AIPOL (s) ==AP" + PO} +21.0

Aluminium phosphate

BB A 2 B 2002) (Modified from Chen 2002)

I [152C 7/ RSP 27

WEH B EHLEE A (inorganic binding) 545, 2k, HER N &R Y
(AN JRAT Cao (PO« s (OH ) | BUH . B8 Rl SR L nya)E A lk
Yol 4B S E AL T T AR,

PRIt EE MRS A BETE), BEALSH I, f£HRA P
TR AT RAETE ;. 48 W& S e K R /N, Ca(OH )2 J&
—FPSRAE s B AR IR ER . BERREL . FFRRERAEIIMES K . (FOLEERREL . B
FRER I T S A AE R R R S AR iR D

FRTE e I S EAOR TR, FEEIES R 11, 7E AR BT UR
FEMERILER" (ALOs « nH20) BIEAEAE . ALCOH ) iR,

BoR—Fd S EITR, WA LA I desESHh VD,
Fe AIDTERRYEN P ichess . HAERMEN B if SR s Fe'' 5 OH | COT J&
VIZ 55T B FYE R BT . 2R OMEVS PR UTVE 5 Fe (OH ) 2 WM . MRtk
55 ; EER FeID LAYH Fe 05, TERWH Fe'' EHRAYEIF] G5
2002),

P 5 Ca(l), AIAIDFT Fe ATDAYTCHLI -8 (447 ORI T pH . 7ERE L
FEOLT . W15 Fe 45 AR, M T A LR A, PRk 2 S840 5 f v AT
100~~200 mV i}, Fe(I11) Bk 5 Fe (A1), 1 Fe (1) S5 #ERY 454 fE S A
Fe 1D S5BEM45 G HE /198 (Stumm and Morgan 1970, Andersen 1974),

e 02



TR AL HE (chemical sequential extraction) HWFFY TR 45 Fh
JEARIWE (Sondergaard et al. 2001, 4 fHFIZM5E 2003 ), i X Fp kil 15
HwEE ARG B TR FA DU CHLDIRL S s (58 5-3), JCHLIEE &
SYRTERR. . WEE LT b, A HLBEN IR IR E B A AR B L
MEEPEIE XK ARZELEVTARY) ' (Sondergaard et al. 2001), fh2gifE 242 Bk X
DR TR R Fi2, =21 (de Groot et al. 1990), DUk (Hieltjes
and Lijklema 1980), # ¥ (Olila and Reddy 1993, Jensen and Thamdrup
1993) FI7S#k (Ruttenberg 1992) 4§,

=53 MBYPRHEOES
Table 5-3 P-forms in the sediment

7 YE Dissolved PO, HHLEE Organic P

WKL Particulate

£ Tron 85 Fe(IID) hydroxides, Fe(OOH) (W Adsorption)
LI K Strengite, FePO,
WK Vivianite, Fes (PO4)2 + 8H20

£ Aluminium SAALHE ATCOH D3 (B Adsorption)
WA Variscite , AIPO4
5 Calcium FHELWE KA Hydroxyapatite, Caio (PO4)sO0H2

“RHEE 5 A Monetite , CallPO4
FffA Caleite, CaCO3 (W Ffl Adsorption)

#i+ Clay W2 B Adsorption
HHLZ Organic “ARNFASE Labile”

“HEFVE Refractory”

(5] H Sondergaard et al. 2001)(Cited from Sondergaard et al. 2001)

L B A TALBE &4

WEIRAR B IR ] 2 FlE 2 A E R ) GRS 7. 35101, fhasiidne
S5 YA 5 TR W 1R 2 T B (2R AR AF 2005), BEPRBN B T O(EEZE
H: PO« Il HPOT ) W[ 5% +4 ¥ WA+ cdmoH | S0s . F 45)
AT . 40 Fe, Al EALYIFRIT OH  FIBERR I B+ 25 .

//O //O
Fe\ +H:PO, — Fe\ +O0H
OH H:PO:
CEME)
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OH OH

/ /
A](OH +H: PO, — A]?OH +OH"
OH H:PO:
(HAME)

P, BMEAY RS E T Fe M AT i TR, LK R R I
(—OHEKEH (—OH:), HECAIARMTEIER K, 5 PwEme B8 5 B Bt
[ ZPC HHZE S (zero point of charge) ]:

N 4 AN 0
/Fe OH . /Fe OH
pH<ZPC 0 +H:PO: — N +H:0
/Fe*O H- ] /Fe*O POs H:
AN 0 AN -
/Fe OH /Fe OH
pH=ZPC O\ +H:PO: — O\ +H-0
/FeiOH | /Fe*OP03 H |
\ - \ 72—
/Feio H /Fei() PO: H
pH=ZPC 0 +H:PO: — 0 +H:0
/Feio /Fei()

TERRVEZRAE T o e TR W B i fie T 2 O 26 107 0 R kA SR A ) S K
A, TERPEZRPET o B D7 A0 R WREIR I Y 1 AR WA AR ST B
TR, RIR AR AL DRI S ) (W TR e e i R IR 55 1k
L7/ ISEHIRAS WY Y aE J TR

i

Ca—OH+H:PO: —2Ca—0—P OH +0H

OH
R BS-5 ige AIT Ak T Bh AP IR, R RS 2SR 1) 7 AR 2o 5 R B A EE
MRS, W RRMSE i B T BRFAS & RE AR/ INAT 5C . RE B 1 JRE A A e 245 5 R
1%, WERREHOXBR AR

2. FHA LA A
AR R EURBERRESEY (BRI ), BRME 3 LIBR R BB R 0 5L
KE, BKAAER CasX (PO ), HP X REHEFF . ClL 850H , A

WL COl A 0", HIEFRRIBE KA EEAR =M. EBEKA [Cas (PO4 LT,
e 04



BRME A [Cas (PO4): OH | FIBRFRWE KA1, BREEIK A SN, T I B 1k
EYEAREZH, R EES (CaHPO. ), BEFR =45 [Cas (PO ) ], BEfR/\45
[Cas Ho (PO: ) ] MILRFIKEY (GBS 2005),

etk T ERETE A TR IR R . R, (A EZA BB A ALCOH » H2 PO« JRIE
LI [Fe(OH2 )H: PO: ], HP AR E , Hr AL Fl Fe iLIH A, Fe, Al
1 H: POHY LR pH SR e i e 2s . 43+ 00T LU i (AL Fe) (H PO )
(OH ) » (BHREA), nbfi pH BYRCEMIRLAS , 7EBRTE 358 TP AE7E gk AL A AL ik
FIrAS B BEIR T ) o PR T4RBEERH™ [Fe: (OH ) PO: |, BRI br& £l b &
WREE, NRAES,

=, THE R P E
e TR BRI E A AT L R . B PR 2

L s B

TErpPE A SRR A RS IR Eh 5 55 FR IS PERE IR Eh 5 3 oK P A
T WP BRI R R R AL R
B OB OB \EE R |5
TERRAE - 8 PO A B B MR MR 5 -+ 1A T T M s R e 1
FA AR, BRUTRE , WBERRERER (FePO: « AIPO.), BEEHA [AICOH ): »
H:PO: ], B58kT" [Fe(OH): « H:PO. | %,

2. HMEE

358 AU B AR O B IR AR B W BHE FHAR S () IR 2
7E L1 TR P e LA E L UK & R SAAE R U R EE A, . .
ERFRESE . PRI A 5L, /KA E AW 2% 1 10 fE oy 2 38 1k Jie 1A 3 i e [
H (s ORI 5iReh B 4EAm = e, 7e0% pH 4 FF . R IE
1A H G, BRARFEATER , S8 (—REE ) MEM. 5
BEIRAR B TIE AR T CHTREmR ) .

M _\// %» 00
0+ —7 0 p

+HT
—OH 0

N / \ AN 7N\
H H HO OH
B mZm R, SRR 5EAMLSE B, BB ) MEkEEE
(Fe—OH) BURMEEE (Al—OH) RAMCAIIEAH , ML PEMME (b 2k,
IR PR OH -

. 05 .



Fe—OH ‘O\ //O i Fe O\ //O o Fe—O\ //O
R A N~ N

Fe—OH HO~ “OH Fe—OHHO~ “OH Fe—0~ OH
CRAEHIZ B ) OBV [56F

TEA MR rb o I BRSO R ELAE T S T R B 553
M RR RN, (IR 2006),

3. MEAE

YD HESEETE TR SR S WS FERUR N T Bk, 45, 5%
WAL ) A (BRIGL) , FERG LTI, 238, BEAFHERUKRS b oA & S
ToHUBE EZE A, S IOHLBER 4000 LUIL (AR 2005), KT RFBIA
TR b A B A S AR s, R A 25 MIARZTIEY 6 em) FHHAES
Wl ARG 4820 CRTTHESE 2005a),

DU, pH XFICERY) i i i) ) S50 sl B A M5

Macpherson 5§ (1958) HIT#EAIIIAC IR TE 2 iR A4 TAFSE T pH XTUTAR
PR REM N 8 NI (93 4 Fh2RBY , ARSI 2 MR SREER
FEUURY) (10 em) , TEFIRFAM PRI T, e, SREIEBEEREAE (DR
Y1) FUKAH CR[E pH ZRBFRZEMRK D) T3 e, 4 pH M 6 38 imz 8~9 i, L
b K b R I (B 5-2), REUNBEGE . AT R EeR T
FRIERAE  IRVRBEIR , BEUBEREY . SO b TR I E R M 25 LT %
AR, A I E TR Th AN RIE S A

Kamp-Nielsen (1974) 5% 1 pH XK A AN & S SRR (Fureso A1 Es-
rom ) WYTUERY HBE YRS, TS IIE AT s & CaCOs , 47
Bk 5020 A 14% . FIR A R IYA A R P sh HORE U (undisturbed sediment
core) HEATSLES , KHHIKH GF/C UBRSE U8 PR MIPEE IS o FivIC ML A TIT
Bt S29 T 7°C , S AIERERFRE AP 551 T itF AT, TERESEIENLT .
POI MIRERCEA: s FEIRERATR . BRMBE M REICEE pH6. 57, 5 BHAFIR (A
i pH 6.5 EFHEN 9.5 0, FERAASE T IR i bl - ADK R 3 A
2] 30 mg P/(m’ «d) FFERIZ 10 mg P/(m” «d) (& 53 F1E 54), Esrom ¥
5 Fureso WIREERAH2E 0. 4 4> pH 5047, ATREIR A ZH DU CaCOs &Y
2e5t, RIJURRYD CaCOs &t blsy , B2 LR B pH B/, A5
JAE pHA. 5~7 28 TR, pH7~9 BN . 1 pH>9 LUSES KSR DINE . 1M
AR AR S XS B L T I A 52 (] 5-5), DURRM AN E A K Z Il & 22
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04— g

3
o
E
5
<
z
E Productive -
5 o
= Oy s
2 TRV }?b
= 02— .. Acid bog
o &,
EP%HE?‘% OOD (2
g Mediuin.productivit?oooon0000000500‘3___‘?&
Unproductive e &
* oo/ s I:II [t l l | |
4 5 6 7 8 9

pH

K52 pH SURPIBERILCE K 100 mg ByFEAIIE PRI A AT 50 ml ZE1RK
AIERILA . 4835 1 h, BEAMECA RSB AW - 24ME . DU B A D
AL ERYEHEE. CIR, PAEICIR Gk ME dlKIERE A3eE)
GllE Macpherson et al. 1958)
Fig. 5-2 Relation of pH to inorganic phosphorus which was found in solution after
50 ml of distilled water had been shaken up for one hour with 100 mg of powdered
mud. The values for pairs of lakes of each type have been averaged. The sediments
were divided into four types, namely acid bog. productive, medium productivity
(draining marginal farm land), and unproductive (draining granite-quartzite) (Cited
from Macpherson et al. 1958)

_ sof
v ® Esromifi(JR&)
E Lake Esrom(anaerobic)
§ oFuresg #i(JR&)
& 20F Lake Furesg (anaerobic) k
E
B
&
2
£ 10k
E
g
[=3
2
&
2 o}
=
%
[} b
b OFures W (3F48) ES?mEﬁﬁ(ﬁi) bi
B Lake Furese (aerobic) ake Esrom(aerobic)
#® -10 1 1 L 1 | 1
4 5 6 7 8 9 10

B2 (51 Kamp-Nielsen 1974)
Fig. 5-3  Effects of pH and oxidation state on phosphorus release rate from undisturbed
sediment cores from Lake Fureso and Lake Esrom (Cited from Kamp-Nielsen 1974 )
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— 60 -
=
E
K \
2 40 | Y :
g oFuresg WI(JRE) | ®Esrom #(JRE) _
2 Lake Furesg (anaefobic) \ Lake Esrom(anaerobic)
o
2 20 F
]
2
N
z
¥ 0 3
- o Furese (%) m Esrom H(4F4)
Lake Furesp (aerobic) Lake Esrom(aerobic)
20 1 I 1 1 1 1
4 5 6 7 8 9 10
pH

K 54 pH FEALIREX R A F122 Fureso M1 Esrom 119 AR sl HERIE U
BRBECH AR 52 (5] FH Kamp-Nielsen 1974)

Fig. 5-4 Effects of pH and oxidation state on iron release rate from undis-

turbed sediment cores from Lake Furesp and Lake Esrom (Cited from Kamp-

Nielsen 1974)

= 1Fr

el

% o Fureso (37450

o] Lake Furese (aerobic

o)

T oL o FurespIURF)

s Lake Furesg (anaerobic)

2

3

[

g

=1

Sl

<

Q

M

=

pind

g ) 1 I I 1
4 5 6 7 8 9 | 10

25

pH FEAALRZS X R A FH Fureso W BRI SIAE AR Ve £ B A A 50
(511 Kamp-Nielsen 1974)
Fig. 5-5 Effects of pH and oxidation state on calcium release rate from undisturbed

sediment cores from Lake Fureso (Cited from Kamp-Nielsen 1974 )
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Btoriddr, Bio, BAEIRES T R AR W EE , FEPRAEIRAS T AR
TR TAEABAIRS BRI (B 5-6), (H pH X 2R RN A KO iR 3
Wi eAh, SEH AR P A R A . HATE pHE. 58 IFPRAERAE TSR
IRy B3 (K 5-7),

AR B %

Nitrate release rate/[mg N- NO;/(m? * d)]

[ 5-

B IHGE F NH, release rate/[mg N-NH,/(m? * d)]

151

10F
oFuresp HI(JRE)

Lake Furesg (anaerobic

o Fureso W] (3F4)

Lake Furesg (aerobic)

6 pH AEEALIRAEXT R AFEE Fureso ] AR SR U 20 R HGHE 2R 195 1
(51 A Kamp-Nielsen 1974)

Fig. 5-6 Effects of pH and oxidation state on ammonia release rate from undisturbed
sediment cores from Lake Fureso (Cited from Kamp-Nielsen 1974 )
0
O Furesg W(FF45)
Lake Furesg (aerobic)
10
o Fureso WI(JREL)
Lake Furesg (anaerobic)
20
~30 | | | | | |
5 6 7 8 9 10
pH

K5

-7 pH FIEALREXR A FF2E Fureso BRI SRR YR AN A R AU 1) 5 1
Gl Kamp-Nielsen 1974)

Fig. 5-7 Effects of pH and oxidation state on nitrate release rate from undisturbed sediment

cores from Lake Fureso (Cited from Kamp-Nielsen 1974)
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Andersen (1975) i#ad =N SLESE T pH XHFE B9 Kvindse BT R
TRYEE . HIR B AR s HR IR HE A7 92 00, SRR EE S 20°C, RBTK
PRAFUFAECIRAS . B0 45 d FH GF/C IBRR i ik B4 30K, B R irE
DHT. 70,5 BB pH EGSAT LA . L2 10,5 B . FEHCUTE AL
W, JFETRE (8 5-8), i #E— B SEg, K Ca MIWIIR R EE SN 40 mg/L
F, MK TP TE A TE 8<<pH<T11 (Y I BE pH AY3E TN B2, 1
BUEEBE KA (hydroxyapatite) [ P : Ca=0. 465, #Kitn] LIAEETIRERIBE , M
GBI FDTVE B S A TR i, SXAPHURE IR S pH Z A AEAR LS
MIAHDGOCR (B 5-9), [k, % S2 0 i iR B ZE Bt 25 14 T v BT 6 7
Aok fE. © B UL W W f# AT (dissolution ); @ il it £ B K A
[Caio (PO: )s (O H = JUTIER-BEHT [HIITFY)

2 120 - 7.7<pH<9.5
B 1=57.9x420
£ r=0.78
o =
5 v

o 80f
2 E
S
Moo

c
Ko
B 40
R
pi

8 9 10 11

pH

B 5-8 7E20°C4AHMFF . SRAFHE Kvindso WAL ShHIRIC U8 1 8 15 B i
B (G1H Andersen 1975)
Fig. 5-8 Rate of net orthophosphate release from undisturbed Lake Kvindso
sediment at 20°C (Cited from Andersen 1975)

Andersen(1975) 21T pH 305 50W I 7E RS LA™ H)_L AR SRS ALAR -
) WEE L0 Dby (Me A JEICRINEL. 055)

— Me—HPO: +0H = MeOH-+ HPOT

2) 7E pH, Pl Ca MMREE RS IIEOLT o BB KA DIVE «
10Ca" +6HPO! +80H =—Caw (PO: )% (OH ) (s)+6H:0
3) 7 pH I Ca MM EE RS PYREEMRAIIEOLT , TR A (calcite) .
Ca’ +C0i ==CaCOs (s)
4) FERREE PSRN . A A R A
10CaCOs (s)+6HPOI +2H20==Cai (PO: ) (OH ) (s)F8HCO:s +2C0O%
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8<pH<11
$=201x-1592
r=0.92

700 -

D
(=]
[l

w
[=3
[l

/[mg P/(m? « d)]
g

FHBRBGE R Rate of gross release
)
(=2
<

(=]
[}

K59 TE20°CZAMF T, R AFHE Kvindso i1 1AL s AT R Ve i o
B CE S (51 F Andersen 1975)
Fig. 5-9 Rate of gross liberation of orthophosphate from undisturbed
Lake Kvindse sediment at 20°C (Cited from Andersen 1975)

BKE AR IR PR AU Y R OB E S & . D pH RIS ha]
R R AR, B 4S & U KA 5 e pH > T B S 0F T SEBs EOR AR
(Stumm and Morgan 1970, Kamp-Nielsen 1974, Serruya et al. 1974),

Andersen (1974) XJFHE 6 NEOKEEFRHNASAT T AMAERPTSE , WA
BRI 117130 d, FEPKIE 1. 275 m, HIHRAMA 2.27716.5 g P/(m’ + a)
FI24~175 ¢ N/(m" « a); M EFRERAIBCRITE R I . fE—2eilinh . BRI
A IEBERRER B [ 8 1.2 ¢ P/(m” « A)] SEHIK P IEBERR e
R ERGI (A2 0. 1 mg P/L 3415 0. 75 mg P/L), Y AA MR AT REAIHLE] S
BT R R . O TUUE PRI PRI 73 i 20 T DU R IR AL
T—REJZ R Fe (D) BURER Fe (1D, 55 8RES 5 AR I B 1732 A K
s OQE BT pH (EFFHEIZ 10.5) R B a5 ALCO H D,
fEE ALCOHD): , JFRIBTREBGNZE G5 ALOH ) LB, Tl , JeisRe i
WAL TR pH TR INAR S R BUADEEVERIYS pH Y
R PR B R AR AR, BV nb eIy R Lot Ak, AR Bokia
TRITEA= PIRTTHE AT RE B A AKAE IR CRE I R b R AT B R (] e T 20 . AT
IRIE IR TR T RO R ZN Y Kvindso 31 AR IR S AR IS R AE 474
pH 7.97~8.2 XARE (4.7°C, 8.5°C, 14.3°CHI18.9C) KM TFMENLR L
B, BERCECR AR K [2.575 mg P/(m’ « )], RIULHEN , Frifss il
MR SR I INSCRA K, 75 —T7ih , {E2E N L8 PRI O R
ETHAP ARSI , FTRES K IINA TP KRR SR Z T4 G,
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T, pH RIS I R E X TTCRR ) B i B -5 i AT ) 2 i

Zhou %5 (2005) MR T1 1 T4 RFEARELRZE (05 em) JIRY,
WF5E T pH XHIURY A B BT R 52, T1 A7 ORI RY T, el e s 5 iy
T4 ST, SR EFRAL, T1 SR PTG Few . B AL SR (53
524 30. 28 mg/g DW Fil 8. 98 mg/g DW) i T T4 Bl (4338 5.50 mg/g
DW F11.38 mg/g DW); Few /Fewu, Al /Alww 76 T1 g (435K 0. 785 Hl
0.233) T T4 &5 (G3k 0.255 F10.037), VIR T, e, 3
JBE R LR EE 0. 5 me /L, SRJEFEEIR (20°C) %M TR 48 h, SLER4E
T, EpHpH<pHu KRN . BRI e e — R K, Bk
AR, BFEX — pH XEUZA, WM 2R TR, B PEgm S mmiy T1 35 F
FERAE (18] 5-10), ZEH VN . 24 pH<"pH. , 7 IE H far (4 [ A 2 mfs 2 Fis b
B H 238 25 B0 mh e B 0 RN S (SRP), (EJER i T IEIX R A9 pH ARAIK,
VR HOMBEAR K, BT HOB A RES RS SRP 454 . SRR BRI K
Kb s J3—T . Y pH=>pHo i, ST OH KIEES N . S5 SRP 32
TR IR S, . FEGZ pH XIS B ARG 24 pH<pH<pH,
W, HAE AL AT IR T e 1 SR AR KRR 1 SE 4+l iAW P Y SRP,
HILHT OH WEEBAK A, Frlh SRP W R LIS OH SE4+ W B A iR i I,
W% pH IXTAIN . REBIWE MRS . AR — N BIKOE: 1

02r
01r
0

=011

02
03}

04}

B & P adsorped/(mg/g)

-05F —A— T4
—06[ —&—TI

-0.7 -

510 pH X7 RBIRARS T1 A T4 FURW LW (51 H Zhou
et al. 2005)
Fig. 5-10 Effects of pH on phosphorus adsorption on sediment from Stations
T1 and T4 of Lake Taihu (Cited from Zhou et al. 2005)
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R SN VFONE (=4 A FUNAL LIV e o = W 4 G oY1) AN 2R L 25719 N S K VA
(oxidation-reduction potential , ORP) FMRAE A AL AR Z Hh AL iA IR RE 1 1)
KN, LI/ TURYh AR RS AR R BIER, Mk R, AL
F. AR LAY S W T A3 AU i SR SR RN R 2B A
H™ 2, Kt pH AL J5UA R 1) ORP . (ZKE 2006), — AN,
SEREAALES G RIBEXS ORP (HAYZALEURL , A1k ORP {H A T2 Fe(OOH ) Fe
(1D BYIRJE, 7€ Zhou 5 (2006) MySCEH, ARVIFRYIE) ORP {EX] pH 224k
R WA AT BT AN [ (|7§] 11y, 4 pH<<pH.HF, ORP fH e . (H85 00 &

A KM SRR [ IS ORP A AE TR UKL 2 T i HA & 2
(EN AR L= /ZEBUEI% . H ISR AENS S AR R I “HB2F T 1Y
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K 5-11 pH FEALIRIFEHA, (ORP) MREEARMIREES T1 F1 T4 JI
Y1 BRI (51 Zhou et al. 2005)
Fig. 5-11 Effects of pH and oxidation-reduction potential (ORP) on phosphorus
adsorption on sediment from Stations T1 and T4 of Lake Taihu
(Cited from Zhou et al. 2005)
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SRP, 4 pH.<<pH<pHuf, FEREMEER AR ALK T4 35, B S5 ORPH
HA—EMEMSEER , MRS RS &m0 T1 5, B2 ORP {HAZ
FRRISEm STIAR/N o X2 /DA SO LU RS, 29 pH>> pHL B L AR W B B U
[, X— K Fe(OOH)HY Fe (DR, Fe 1), 55— 5T R AW b
) OH S8 e 4 U 11 A MR R A,

N. 45 5o

TELgeet, KT HIER Lo s ot . IR BT
MR s 5 5 i 7 e S A i SR S R SR AT o R GERIBIESE . TG T A DU A
KWL EAFGZ, th TR R T L SRR R TTR IR AR ¥k A K~
e BB A BB AR AT TR AT, PIE Z R BZA TR Z AR Z AL,

SRR, BEIR ML —FPZITIR . TR PRI SO B 42 ke, T H.
A RS TN 7 S RS A A oy L/ LS A RS R R 7 KD e R 2R A 7 [ Rl
AR TR TR, XA S TR A S UIRSC . T Hab 32 3 —
FIVYHL, ez CRERIE pHD) MR RER AN, DRI, K- TORR ) 57 i Y
Moy Aok,
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ENE FeP, CaPHl AP 5B X R

MEEHE A, B 58, %, S%eRETILamas . HILRkE &
B (FeP), 4560 (AP) LG (CaP) NIZEIIURYBEAAEN %
B, REJESBE LGS TR RO S R ATy 2l h e A28k
S]PS I Y R

—. VIR h BRSO R SRR S R
el (2006) IKITHTFUE 14 AW RIERMBN LRV ER | AT

TERNERBNCLE , W PO 7E 3 d B FOMEB R % R IR IGE
Y FeP RREIEME, 5 AP, CaP Ml Org-P HIXARZE (F 6-1),

601 02 . .
E _ .
on []
§°40— ED L
= =0.1 =-0.16
2 204 & P=0.59 . .
< H
0 “10 05 0.0 05 10
160 . .
= — 160 . .
& : . <120 .
£ 30 £
= . . = 80 =—0.37 .
s 404 P P=0.59
O . L. & 40 .
0_ - O -
T T T T T T 1 OI T T T T T T 1
-1.0 0.5 0.0 05 1.0 -1.0 0.5 0.0 05 1.0

BERRIBOE & P flux/[mg/(m? « d)]

F6-1  RKITH R 14 NHA R R ISEY b POT BIBHCER SHE S KR
(BB A 5K 2006)
Fig. 6-1 Correlation between POi  release rate of undisturbed sediment cores and P forms in sedi-

ments colleted from 14 lakes in the middle and lower reaches of the Yangize River (Modified from

Zhang 2006 )
. UL Fe-P /Ca-P HLSBEREALAYE 2
Huang &5 (2005a) MUK, B e B RELE (0~5 em) LY,

HT S . TR (Eh 2007680 mV) FMEIE (20°C) &M FIRZ 4 h, BF5E
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T pH, VI FeP/CaP L 58RI —H Z B XR, MA1EM, FeP/Ca
P<0. 5 HGTTEUITENE pH BHEEHCREREK . T Fe-P/Ca P>1 MOSURUAIERS pH Y
Rt ok (K 6-2) , JF i L SAfE R T =2 ZER KR (B 6-3),

12,0 1 T1 = TDP 207 T6 —=TDP
20 10.0 1 " SRP = 151 - -
ﬂﬂmﬂé co] Fe-P/Ca-P=5.79 EREN Fe-P/Ca-P=0.22 SRP
z %Y =
§§ 6.0 1 }EB 1.0 7
1 2
#5407 B2 s
2 20 ~
e 0.0 ] ;\I\QT- - . . . . 0.0 - !
2 4 6 8 0 12 2 12
pH
6.0 6.0
5 al =T o C4 - TDP
= 5.0 Fe-P/Ca-P=3.03 ——SRP = Fe-P/Ca-P=0.19 —— SRP
@ E 4 @ £ 407
ﬁE 2. ﬁg 2.0 1
ERE 2 101
A~ 0 T 1 & OO =
12 2 4 6 8 10 12

K 6-2  pH XA Fe-P/CaP LWHURWIBEREASZM] (51 A Huang et al. 2005a)
B TL AN T6 LT RBI, C1A C4 T L]
Fig. 6-2 Effects of pH on phosphorus release from lake sediments with different Fe-P/Ca-P
ratios (Cited from Huang et al. 2005a)

The sampling sites T1 and T6 were located in Lake Taihu, and C1 and C4 in Lake Chaohu

6

SRP
/(umol/g)

Fe-P/Ca-P

R 6-3 ARIZEBPIBYIBE RN pH Fl Fe-P/CaP HLARKIIR (n=118)
(31 F1 RS 2006)

Fig. 6-3 Release of soluble reactive phosphorus (SRP) from different types of

sediments in response to the changes of both pH value and Fe-P/Ca-P ratio (n=

118) (Cited from Huang et al. 2006 )
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RAETURYIN Fe-P/CaP HZERAR, (HRERBEREI A H 728U 7 pH AR
UFRREOCHE (&1 6-4) s BECSE IR PRV 264 T DURR W) b 5 B B A 0 25 2 BiEIR
T pH S, RO T AR AR 5 AERRIE A 1F T 5% B A0 B 15 2
JE , FEARTCESHERRL (BEIE WSS 2006), Huang % (2005a) A, Fe-P/Ca-P
FERT LI R AN IR IR S 25 1 T TR B OXUB: 4 ) 245 5

o 80 ¥=5.19x—14.69 aTé6
b r=0.957
[
i
S 40 ]
picd
[ ]
¥ 20t
i
4] &
5 4 6 8 10
pH

F6-4 pH X KIIPANEA BE FeP/CaP b 2ZFHTIRYIFES (T6 A1 T1)
HERBRREIAE 2 B2 (51 A BB REAE 2006)
Fig. 6-4 Effects of pH on the percentage of Fe-P release in the sediment of
two stations (T6 and T1) in Lake Taihu with significantly different ratio of Fe-
P/Ca-P (Cited from Huang et al. 2006 )

FESRAME ST . DUFRIRE R B £ 2232 3] PO T OH XS UL h gk B8
F Fedll) WIFLfSE s . i DEUK pH TR, POL SEMEAWIRSS
SO (Andersen 1974, 1975, Lijklema 1980), S UIFRYIF Fe/Al-P &
AT RO B Z A, XA SE LI AT LAR RN I TE ) Fe-P/Ca-P LU
B pH AEUEBE YR ZIBEL (Huang et al. 2005a); TM7EfK Fe-P/Ca-P FLIT
b, @ pH — G Fe/Al-P MRS, 59— Jrmifeist CaP BEARMIE M
BE( PO BUMREE . BREAEPREICEE K/ N TP A R

= MUY Fe-P/Ca-P HLASBII R ZE

15K HER S K R0 RN T IR Fe-P/Ca-P tb, BIEME (2006) #F
FE TR A, SRR S50 AN R X TR T AN RS B Rk /4R
B, ESEE, ALBE MCR, KBS KHES (TR C) TR+
Fe/Al-P it /8O  , TAESEUT WK H0 O BHE DT b CaP S 0 5038
f (B 6-5); T6 fil C4 BT EEEAY CaP /00T BE-5 HAR = RO RD 4143
FeBiA O, V5K HER AT B A i T MR Eh Ae 4k /60 ) A /A S8k i 4
B 5,
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W 20024E10H
O20034E1 H

100

EHRE O 25 50 75 100 Fe/ALp
Fe/AL-P/%

6-5 KM (T)H, H# (C) Foel] (L) RPTR P BB ST 2 e i =AM IE
(31 A BTG 2006)
A DS SEITWIK I s B X IRATIG K AWIIX
Fig. 6-5 Triangle graphics of the percentage distribution of P forms in the sediments
of Lakes Taihu (T ), Chaohu (C) and Longgan (L) (Cited from Huang 2006 )

A : near the outlet of lake water; B : near the inlet of urban wastewater

ERVARMIP AR MATRE @) XKUY ) Fe-P/Ca-P Hb (19.5)
FEARIT /9 AE 4R 5 55 X TR Y TR i) Fe-P/Ca-P [b (17.7) & (Zhang et al.
2004),

iin]
i

T IR Fe-P, Ca-P Fl1 AI-P &&= A052IR

TREIAE (2005) XFELH 6 A REE S VTR T s B, TP 5 Al Al
Fe &2 REIEMAHC, M5 Ca MERICHEMCHE (& 6-6), i, TP
5 AP Ml Fe P & REE B EEAMIC, M5 CaP WM& IR EMCHE (E6-7),
AR, 5 PMgiast Al ik, Catieim, Fefar, Kb, FEHEBIG, B
Wb TP EEAHEIN, Fe-P Fl AL-P Y5 I WS, (H Fe-P B35 0T
PO ELRPIEPRPET R ), Sundareshwar Al Morris (1999) 238 , i 845 18
FUURYH TP &5 AL(F =0.89), Fe(rF =0.77) M2 & IEAMHL,
MY Ca JCREACH:, KWL, MEIYH TP S&0 L, AL Fe 195 &
QURTE S Y|
. 108 -
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K 6-6 HIUIEYTH TP 5 Al, Fe, CaBIMISENE (51 A 5K 2005)
Fig. 6-6  Relation between TP and Al, Fe and Ca in the sediment of Lake
Chaohu (Cited from Zhang et al. 2005)

250
[m]
200
@
2 Fe-P=0.346 TP — 56.9
= Bor 7=0.71, P<0.01
<
A Ca-P=-0.038 TP+ 131.8
& 10or r=-0.01,P=038
o
&
501 Al-P=0.072 TP —45
0 1=0.68, P<0.01
0 . . . . .
200 300 400 500 600 700

TP (ug/g)

P 6-7  ELIUURWIH TP 45 ALl Fe, Ca MUAHEHE CBUES1 A 9K 2005)
Fig. 6-7 Relation between TP and Al, Fe and Ca in the sediment of Lake Chaohu
(Date are cited from Zhang 2005)

T, W ESRRHRT A MR TURY T Fe-P, Ca-P Al

AL-P 5 152

B}

PR 5% (2005a) 2003 4F 4 H %R . AR ILHR R 25 A iia &
2 (0~5 cm) PRI TP 5 Fe-P Ml Ca-P WA ER , W&l 6-8 s, TP 5
Fe-P fll Ca-P 47 B EMIIEATEIER . (HUEBER TP B LT, Fe-P MBS IIHE Rz
RF CaP (HLRIHRRPRMAZELT 11. 8 %), MHETKEL (2005) 2002~2004 4%
FECE . AT R 28 MARIE (0710 em) VIBH TP 5 Fe-P, Ca-
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P AL AP BIRIASEER , WK 6-9 frs, TP Y5 Fe-P Fl AI-P X545 W& i TEAH 5 ¢
Z, M5 CaP IAHXNE, (BEHE TP 1 EF, Fe-P M3 H# R T ALP
CEHZERIARRERFZEIE 13.6 £5); TP 5 Fe Ml Al A5 W EMIEMKELR (H
BRAEE /N, S Ca TN (8 6-10), 76 ERMANF5E T, TP 5 FeP iy
BRI PRIZE 43 4E (0,435 vs 0.518),

1600
Fe-P=0.435 TP—224 8
=092, P<0.01
1200+
A
®
%
=2
= 800
<
Q
e
2 A
400 Ca-P=0.037 TP+ 15.0
O =052, P<0.01
= . C
0 1000 2000 3000 4000 5000

TP/ (ng/g)

B 6-8 KITH T 25 MWIAFERIE (0~5 ecm) YUY TP 5 Fe-P Fl CaP ¥HIIHE 2
CBUEB| AR 1545 2005a , HARMIEGES] A 5kEL 2005)

Fig. 6-8 Regressive relationships between TP and Fe-P, CaP in the surface sediments
(075 em) of 25 lakes in the middle and lower reaches of the Yangize River (Data are cited

from Zhu et al. 2005, while data of Lake Donghu are from Zhang 2005 )

ZE LR . AERILTP R IEENA TR T, T SEEES A R E & E TR N E
JER AT>Ca>Fe, )&, =M4JETE SHNEE AR ENELAHR . B Fe>Ca
>AL, XFNZERAE TP S UIB Y h e 2, Bk, KyCh R iEsnn s s
FALM SRR RO Fe-P BKIE ETF, W AP ACH M ETE, 1 CaP
BNGRM ET, ANEARRE, FeP SR EFAIFIER T Fe &2 1
FHITEL (CZEMRRRAHZE 65. 6 15%).

TR IR, AR 3 M EE MR . (R AT LAY 6e
ZHA . A RGEIAFER T AR T A IS M TIRE . X T RE SRR
B BRI RE S e RS R L A= R RS T 5 R & a2 i ik
X (Wood 1984, 1985, Gensemer and Playle 1999), a4k A5 T il AR
A 7 A P AR S i AR /N— 4. ARAE pH6~8 BHAHXIMER . (AR 24
MIBC A FF A6 BRI 25 40 R L 40 A B 10 I ol Ol 1 1) 2% 14 T 9 ik B 15
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Fig. 6-9 Regressive relationships between TP and Fe-P, Ca-P and AP in the surface
sediments (07710 em ) of 28 lakes in the middle and lower reaches of the Yangize River
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(Data are cited from Zhang 2005)
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Regressive relationships between TP and Fe, Ca and Al in the surface
sediments (0710 em) of 28 lakes in the middle and lower reaches of the Yangtze

River (Data are cited from Zhang 2005)



(Driscoll and Postek 1996), /K& i TCHLAAR SE ALY 4H AL [Al3+ . AIOH™ |
ALCOH): | ALCOH): Fl ALCOH ) ], HHuIkf pH (325K 251 (Gensemer and
Playle 1999), /K&MBE—EEF AN F | PO | SO ) EREIE &Y.
IFE pH, TCHLRCAYIVREE | BT FK IR A A e seAs . 7E b pH /KA
R, —BETES DKRERET (aqueous ionic A1) | BUHREE/NTF 10 Hg/L’ TAERR Y
(pH<C5) KR, TEPEER S R AEIA ) 200~500 yg/L ol (Hongve 1993),
FERITIRER . TR AL AGFR S A 59(39. 8775.5) mg/g (18] 6-10),

7NL IKAERRIE S MUY B S W45 5 L)

WEARMER T LALAAR (R ) =Mk (Fe' ) MIERfEE, WL =
BN Sy 5% T /K (Millero and Aicher 1995, Stumm and Morgan 1995), H#&
IR B i RAEAARIRE T Fe' BAAMLAL Fe' ' AYMER EBURE T pH. E
FIIRLEE

W FE LUK A Fe' KGR E T (hydrated hydroxo ion) AYIEL
FAAE , H R R R T Fe(OH )2, FeCOs Fl FeS MR AR, — i HTEA A
1) HARZKARRYIEE pH YEEIN Fe (OH ) MY AR BEAR K . 53— J7TH FeS MY
WA (DLICE I EEEE 1 i AR ST ), BRI, BRI i I F- 245 T
FeCOs ¥ fRTE, BRIE pH R C10), QKA CaCO: i fil, W CaCoO:
(IRl P 2 FeCOs 1 200 4 5 TEBRTR FAR MR FEARMRA HOK rh sl 2 503 A AR
BE Fe' GRARIHR B EALAL Fe' ), B, 78 pHT AT, — AR
BRIR SR K IR & A 1) Fe' - He— N 2 meq/L (1 meq/L=0.5 mmol/L)
GXALZVFZ KR AED H7KIARR 1000 245 (Wetzel 2001), HARKAE =
Mgkt i WL AN K & S AR Fe (OH ), 7EFHPIRAT, 24 pH I 58
W, Fe(OH)s FZELABMMBIEAAAAE (AR 25°Cmlig-F-# ¥ £y h
1077, mHA AT =M R AR E 2,

TEANFELEA D SAGE T UL pH A1 B SIS EPRER BT . ARK
Rl E 2 MIE U oL, EE TR X KA 8L (aqueous iron) AT
SN 6-11 FiR,

MFAEAERAER (EZEAE Ho 0, COz, O KAEW) 5 W £ Fh AT
BURRIIVERITR ) X RERA A A 1) B8 -2 R & o 2, IR HT AT I 257K
FRVEHTRAEACIE I . HOBRR AR R B 2 5 T KA A2 ROV A — 50 R
o ROWAE SRR KIS S AR A s R AR T S AUKARTTR Y
RIS 5 RO RI7KI PR = ) W BE A TRSRAKAR SR RIRK I T2 By (i
B 2006), BEU, 7 AE A K-A AL ROV TR (Stumm and Morgan
1995) .
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Kl 6-11  FEAIR pH FIEAEJFERAL BB SR T o & FE S BRI
i, BGETREEN 2 meq /L, RACKRIARME Fe 1EEEN 1077 mol /L 1445
(51 H Wetzel 2001)

Fig. 6-11 Approximate distribution of species of iron in relation to pH
and redox potential Ei. Alkalinity is assumed to be equal to 2 meq/L.

Lines denote points at which the activities of soluble Fe are 10 ° mol/L

(Cited from Wetzel 2001 )

Fe:Si0i (s)+4H2C0s =2Fe" + 4HCOs + HiSiO: (BIME N
CERBE AT

3Fe: 0 (s)+H20+2e = 2Fes O: (s)+20H AR E )
IR REARH™)

FeS: ()13 0037 H:0=Fe(OH) () + 4H + 2500 CRULIEISULI )
CERA)

KR Fe BIMRBEAFAEAR K I 5 . B0, tHFHRK T Fe (Fex 05 ) (9°F-
PrarEr (me/L) NEEZE (1.4) 3EUN (1.3) RKU (0.8) MU (0.3) >k
% (0.16) =>WP (0.01), HEFF-FHK 0. 67 (Wetzel 2001), XHLILH T ilf 30
SAAITEA LY . WK R0 Fe S RARMK, FH252% 0. 01 mg/L GEFY
0.0087~0.018 mg/L) (UGBS 2006),

YA AR T, B, FEREE Y Schohsee ], BRAEVTR T
FKF5S 000 g /g o TETFUFEYIT A 950 g /e, M MRTEFK 2P 9 BRAHEIE 1L
H 15 pg /L (Groth 1971),
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DRI, 5B G RS SR B R AR /NI 4, TR B (2005) HfiE
LI 6 A RAES R Z VTR RSO B wE i B ol 42.37~46.4, H Erie W11
(54.0; Williams et al. 1976) Fll Seine &1 (54.0; Andrieux-Loyer and Aminot
2001) FfK, BE & T Wadden A (21.6 ~27.0; Salmonos and Gerritse
1981), —ekvd , PRI RZHRIN S rESS A AN E S NG . TN AE S i
%54 (Raiswell and Canfield 1998), tF 2 /4~ Fe (OOH) FIWZH 1 4~ POI-
(Lijklema 1980, Golterman 1995 ), SEMATTE kL & A8 A EAL & 2T
YIRS I 1.8% (IR 2005),

F CDB W BARBURER (FKR Fecsn ) FENERGE LA SE LY, W RES
R I BRAL YRR RS 1 ORI B R (Ruttenberg 1992), HHLBIFRZ
Fecon Fridem (B 6-12), XATRESEF NTERZE 173 em, [ LY B FedD) 0]
RERAEh Fe (D) THREE TR, SERZIRWE S B THEITEC (Davison
1993), CDB ¥R S8EM R T LB/ (2.075.3), BEHIH CDB LT
BRATRE R ZITCE I (AL 5 BSLEE, Hoh e e BAT B2 im
L IO Bl LA T O IR L DR AT BN B R T L (Borggard
1983), IR, BAKK n(Fecos ) /n(Peos ) {HEW, 7E LB ERZIRY |,
S A R E A A A ) . ARIFER)ZE 5 em TR , Fe
P 5 Fecon I AR AR X 0] A5 2 DUBU b A B i FL B K K B
F_LEK A G,

Pr/(mg/g) Fecpp/(mg/g) n(Fecpp)/n(Pepp)

b0 12 3 40 s 0 15 001234056
5 54 5

;

210 10 4 10

[a)]

%15 154 15
20 - 204 204

Bl 6-12 K TR Y Fecos . FeP Hil n(Fecos )/n(Peos ) (3EEHAEfL
(5| B ERLHT R A HE 2006)
Fig. 6-12  The vertical profiles of Fecos , Fe-P and n(Fecos )/n(Pcos ) in the sediment
of Meiliang Bay . Lake Taihu (Cited from Fan and Wang 2006 )

FERITH IR E SFRAT . S5WKP R Fe ML, TURFLEK

o Fe IS EZEAZ, B, R R, A K R S R A KR

FURIFLER K Y . Fe' 78 ERK i B B AR, 1 A6 FLI /K i) ik 21 3 3t

20 mg /L 7K, FLBZK R EY POT -P AYMk BE e i T BK ) (& 6-13),

FEARAMERETS , DRI FLBRK Fp AR JE R AR A TR . L pHL L BB KT
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2 LARAT, IRF] 8. 48,7 (B 6-14), XMIRFIRAHR Fe-P/CaP HAYILH
PR RERAIE S pH . SUBWIALBUK T Fe' RMRTHR IR . Ca™ MM
TRE . 5 pH IEAFE AR R85

E/mV Fe?'/(mg/L) POI-P/(mg/L)
0 100 200 300 0 5 10 15 20 0 1.2 3 4.5

10 -10 10

st 5 5

0 0

£ st 5 £ s
£ | £

S0k S 10 S 10
8 & 8

% 15F % 15 % 5

20} 20 20

25| 25 25

30 30 30

—o— ¥R with sediment dredging —— K& without sediment dredging

] 6-13 KM T HLIBIB IR DX AR B CULBWIALIRUK B, Fe'' R POT -P 5 it i3k B AE AL
1 AL BGHT A A7 2006)
Fig. 6-13 The vertical profiles of Ei , Fe’  and PO{ -P concentrations in the interstitial wa-
ter of both dredged and undisturbed sediments in Wuli Lake, Lake Taihu (Cited from Fan
and Wang 2006 )

pH E,/mV Ca™/(mg/L)
25

Fe**/(mg/L)
8 9 0 100 200 300 0 2
T T

50 0 4

W Depth/cm
') —_ .I_-
(=) (=) (=) (=)
: : .
T

w
(=}
T

40

Bl 6-14  RWIMERSTURWIFLEK D pH, B, Ca” FlFe' WRIEMREEEL (BBA
EREAESF 2004)

Fig. 6-14 The vertical profiles of pH, Fi , and dissolved Ca” and Fe’ concentrations

in the interstitial water of the sediment in Meiliang Bay ., Lake Taihu (Modified from

Wang et al. 2004)



t. & ik

VLRI TR B kI . OBEROE R Y Fe-P 2 B 1EAH
K, 5 AP, CaP Fl OrgP L EMIXNE; DFeP/CaP<<0.5 MUTEYTEML
pH BPBCR AR . 1 Fe-P/Ca-P>1 WUULEWILE S pH BHAORERCEfoK , HItL,
Fe-P/Ca-P HAT LIVE KPP R sl 25 1 N OB Bl e i AU 1) i 22484 s ©
15 K HERC 5 K 7 558 B TR Fe-P/Ca-P 1t ; OTEEW , Wiy TP 5
AP fil Fe-P Y& 2 0 IEAHSC , 15 CaP W& EICEEAMHXME, (0 FeP b
AP IR ; OFER T FHsA MRy b, T Suss e £ 254
JEITCE B FE N AL>Ca>Fe, HSBENZEAREHIE Fe>Ca> AL, BEEFFLN
SRR FEOIRYT Fe-P (KIE_LT: . 1 AP ACH M T, M CaP ARA
BT, AR R, W FeP S MK EFHFER T Fe S LTI
H O CHEMRIFRMZE 65.6 f5); OFEUIRWTH , 58S A MBS BBk SR
b—ERgy, EERERNWEMYIMEE Y (RELEIRIESAEE) . XTI
Ry AR UL, DUAIFLEK T pH A Fe' BmE 2, MiE bt R
AR ¢ 2
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FtE HESKESEHFED

TRIEREY) CRLRGHESE) ARAUK AR R KRR BB =3, S
BRI OGIR, B3, 2=Sma%), IS (allelopathic) )Y
A AR . EGOKIA . T EIR BRI, KT K A A A BR T U 4 43
A XA P ) TTERA BR . AR . KA S S 0 43 AR TS
FIERIGZ , XN AT B TR Z A, ARSI T, pFeKkA:
MY SEEE PR S ) IR ADCZ X T i e K SR TR R B2k s e
ARYHEAEERE L,

MRS RE K AR YT B 2R A K I RIE R, 5 R AN RS2
CRERIERE S AT IS AR B A, BK AR5 i 8 2 (R A e A B 5 A
P, 2/TEE R ATRERIpLml . OXFEFRYR (N, P%) 554, QL
YER s ORI,

— . RO K AR AR A AR i A

TE TS BRI R K A AR ) BAT S A T AP ST, i A o A= Al ™
Y)— R R (MC) MIE H 2232 2156TE, T MC XHEYI R i RESE
BEATEERT R AR 0 , AT EERKAERII A, MC AT L] AR R IR N R
JRIEFIRBEHE M . BUZ 4R DNA BHEMEAE R S, SIRA b, 40
K g LR S, DL AN A B AR KA R BDOEEE (Abei et al.
1996 , Kurki-Helasmo and Meriluoto 1998, MacElhiney et al. 2001, Gehringer
et al. 2003, Marta et al. 2003, Yin et al. 2005a, 2006),

5 MC XKAESIIR BT GBF 2006), MC KA AEYI R N Y 3R
BRSOV T BT B2, AR R . MC W REREZ Rk A= i A A
YIS X R W 1) i B GST F=A=520  (Pflugmacher et al. 1998, 1999, 2001),
MC XK A AT A A AR SE R VE ] (WeiB et al. 2000, Pietsch et al. 2001,
Romanowska-Duda and Tarczyfiska 2002, Pflugmacher 2002, Yin et al. 2005h),

Lo KA X MC YRR R 2 MR

Wiegand Fl Pflugmacher (2001) HIECHME RIS FAriC " C-MC-LR BF5E T
SRR — PR AR AR (Bt Ceratophyllum demersum., AR
Elodea canadensis) Fl—FpEEE UNEERZZ Vesicularia dubyana) %} MC-LR &Y
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Wl (B 7-1), B =AEYEAE " C-MC-LR (0.25 mg/L) W, &3 7 d,
R B R AR PR C-MC-LR &8 1.073.6 pg/g FW . UstifE (A
PR /IR ) W B R T S22 (R N 1) B B e . AW IR Y
MC W, JNBEBL 225 MC-LR 19 & 53R 35 144% , & fsE A AR 3 43 51 ok
79. 2% A 40%

16
7K #H Water phase
14 REX H HLAH Organic phase ?
g 1k 0 H8R Pellet
R E
ezl T
R: T
B3
HE o
B &
g{“a 4+
X
R = |
0 T T

E ik PR JIIE B 22

C.demersum E.canadensis V.dubyana
B 71 ARFEKAEBYEC-MC-LR (2.5 mg/L) BT 7 d J5 %2 izl
Gl Wiegand and Pflugmacher 2001 )

Fig. 7-1 Uptake of ''C-MC-LR by different aquatic plants after 7-days exposure to
2.5 mg/L (Cited from Wiegand and Pflugmacher 2001 )

(a) 16 (B) 6
L4 T l ﬂ&as L l
12 R O m Leaf
= O ™ Leaf Hﬂg
= 1.0 =X =4 O #R Root
O @ # Root ® 3B
=08 2e, L
1 <
5.0.6 - %
04 < B
L K2k
0.2 RS
0 —i
0.0001 0.1 10 : E—

. 0.0001 0.1 10
MC-RR/(mg/L) MC-RR/(mg/L)
B 72 285 7 d R, ¥ MC-RR 94 (51 Yin et al. 2005b)
(A) MR MC-RR 1935 5 5 (B) AEPHIGEBA MC-RR 9 H 70 1. TR URARIE 2
Fig. 7-2 Uptake of MC-RR in V. natans plant after a 7-days exposure (Cited from Yin et al.
2005b)
(A) MC-RR content of the plant; (B) Percentage of uptake of applied MC-RR. Vertical

bars show the standard deviation
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Yin %5 (2005b) #F5Y T UUKMY)— L (Vallisneria natans seed-
ling) % MC-RR MW, &FL MC-RR F2 S2REMTS (B 7-2), R4
0.000170. 01 mg MC-RR/L M= v BE R BRI 120k B2 KT 0. 01 mg
MC-RR/L B}, Z4d 30 d AyAb3, 4 0Y fif o e K i 2 R Ik [ 7-3
(A7, TREEN 10 mg MC-RR/L B}, MRAMAEH BB TR, RERKK
JE R TR (K 7-3B) ],

(A) 150
[Jday 10 [@day20 [ day30
g12
g
509
5
=
86
M
B il
0 1 1 1 1 1 ] ij_,
0 0.0001 0.001 0.01 0.1 1 10
MC-RR /(mg/L)
® 9r
8 =
7 -
g
E
R
&0
g5t
st
~
M3 fF
® b
1 F
o U 1 1 1 1 1 1
0 0.0001 0.001 0.01 0.1 1 10
MC-RR /(mg/L)

Kl 7-3 MC-RRAEFEMFRE (A) FIARERKE B) M52 (5] 3 IS 2004)
Fig. 7-3  Effects of MC-RR on the lengths of the leaves (A) and adventious roots (B) of
V. natans (Cited from Yin et al. 2004 )

2. MC SR EMPERANAMHK-S-4 %8B (GST) H¥H

Pflugmacher 5§ (1998b) TEERSIYS th & B, MC-LR AJ 55 S0 i) 5 f 35
RANEFNBE S 04 N 1 B Bl — S DR H IR ST B8 (GST) mITEME (& 74
CDNBW 1-5-2, 4-AHFEA . R TIE GST W TERIEY) ), I AIX =MA:
VIR BEHEBYI T . f74E MC-LR 5 GSH MI454779 MC-LR-GSH,
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=)

[Z¥7] CDNB - L
6.0 | LI CDNB+MC-LR 7
50F
7 T

7 T
7 //

EN
[=}
T

w
=)
T

BT H/(nK at/mg B 1 R
Enzyme activity/(nKat/mg protein)
P
T

—_
=
T

1 . .

St KL B -
Ceratophyllum Daphnia Dreissena -
demersum magna polymorpha

B 74 ARSMKREE T, MC-LR X} CDNB 54 R A P04 Py 9 rT s P 240 IOk K- S G R it
AR (1 Kat=6X1071. U. ) (3| H Pflugmacher et al. 1998b)

Fig. 7-4  Inwitro inhibition of the conjugation of CDNB by the soluble glutathione- S-transferase from
various organisms by MC-LR (1 Kat=6>}X107 1. U. ) (Cited from Pflugmacher et al. 1998h)

o
=

Danio rerio

3. HEAKEFH MC ik T2 B FHE?

Casanova (1999) ARy, — M ih BERYIEARME MC R B AR BRI /K AR S S AE
YW & (germination), #& Jones Fl Orr (1994) il . 7EM KFI A Cente-
nary ], FHARBEN (algicide) ACHFEHEFIAE T XUF (leeward shore) AYHAE/K
5 R e MC 7E 9 d EERRTE 1.3~ 1.8 mg/L K5 % Yin 55
(2005b) #fEM, £ = FE B A RIS, 7E R Z=M AT B, MC-RR PV AT
fesxilint 0. 1 mg /L, {HIXFE R A RTE MCIREEZ TR,

TEMTERE 100 Z 4190 R/ 270 DK FET, AN B MC W E /N T
10 pg /LI 79% , SR Hy 2.3 pg /L, KN 500 pg /L, 7E 289 A-FEd,
A7 183 MK ENEfE MC (BRI MC) . HAP AT 7500 IMRIEART 0.5 pg /L
A 1000 FRA AN MC W R 1716 pg /L, A 5 DR 16 g /L (Chorus
2001),

FIAE I EIIAE A AT R IENA T AN MC B —RERTE 10 g /L
DA, gt MC SEAR, 2002 4F 8 H 2003 4E 7 XTSI 7 ASRAE S MC H A2
FERIRFFE S R W, LN MC & H7E 0~ 4.6 pg/L 28380, WA MC ¥R T
0.05 pg /L CREZBEEFHAAE ) (Yang et al. 2006), {H 2001 4£5~10 A, K
WM TR 3 S RAE RSN MC MR EE RN R3A (10.4 £ 1.8) g /I (Shen et al.
« 120



2003), 2005 4F 510 H , XFAIHEREE 13 4R AR MC A LI HT TS5 R K
B, M MC B 5 AE 1. 1879, 28 pg /L 783l (151E 2006), 2003~2004 4£7~9 5
W), FEXHIT AR 30 MWIRARIDIERM . 974 BB RAGII T MC, oL
TSN MC SERE (8.57 pug/L) (Wu et al. 2007),

4. FA I R AR

BB EAE Y R TR . AT B RISET, B, 1ERH]
HERTE Al i s R B R 10, PR HERR R ELF A Y i 2
b SR RERE, RRRIETD (K 7-5), [HRERARUR R R KRB ER
b i T A AR g BB AE TR DS RS, VR PR LE LR
VEFIRYZE S, 70 WE /K AR R i S BUAY KA, K AR AL ) 1 2B A7 A5 S o X e
(K 7-6),

JTIERE MR RBET

Fig. 7-5 Dense accumulation of cyanobacterial blooms on the floating-leaved plant, water

chestnut , with decay of the leaves and death of the plants near the Taihu Station , the Chinese
Academy of Sciences in the Meiliang Bay of Lake Taihu
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B 7-6  (EREEBRAE PR LK AR GZIER 5E 1 b R e g st B 5 389 5 i 2%
SCH LA 7 R R A T A /K AR AR R O PR S )

Fig. 7-6  Struggling macrophytes in the Microcystis blooms in the enclosure experiment (Photo

from an experiment for macrophyte restoration conducted by Dr. Wenchao Li of the Nanjing

Institute of Geography & Limnology , CAS, in Lake Dianchi, Yunan)

T IRAE R AE RO A TR R A

FLYE 20 {20 40 424X, Hasler £ Jones (1949) sdRiE T /K A= A8 4 % PR AR
PR A, IS . Hogetsu % (1960) #2117 /K A= FHyid i Bl A1 /8 Js4im
HIEEARBIHLE], Planas 5 (1981) 7EREAEINERE (Myriophyllum spicatum) 1
PRI 12 Bl (phenol) FIZ B (polyphenol) [ E TR (gallic
acid, GA), #EAEIR (ellagic acid , EA) ] REFIH#EEAK,

Saito ¢ (1989) MARHIANEEE (Myriophyllum brasiliense) HH#EHUR ] 7K
R FATIR—ETHT (eugeniin), l-desgalloyl eugeniin, LM GA F1 EA
XKL IR (Anabaena flosaquae) AAMHIVER. GA FI EA X4 LR 5251
ECofH M2 o s b 5 AR K 5070 KR 435120 1.0 mg /L AT 5. 1 mg /L,

Aliotta 28 (1992) MESM-INE 3 (M yriophyllum verticillatum ) I 2E B
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B =R 2 By, JFEIA TN — M B — R B (Synechococcus
leopoliensis) HIAMHITER .

Gross % (1996) MRS (shoot) HAERUL MR B THR, #E
FERR » DISHA 57 RPN 22 M X s 2 il E P A , i —Rhn] 2K ik Y
Zh—FFR SR I (tellimagrandin 1) (& 7-7) Xf—224R 5% (A nabaena,
Synechocystis, Trichormus) ASRZIFINEITER O GA F1 EA 19 10 f%), BXFp
PR R AT R TR R L S 28 11 AT H I 2R 1 M AM G (algal extracellular en-
zyme) [ UNBEPEBERREE (alkaline phosphatase) ], 7EREAEINEEERIZTIH , Fr
HOZE I SEAN 150, BMREASEAN 107,

HO OH

HO
HO
O OH
0
Ho O 0 0 \ OH
HO 0 0
© % OH
HO N0 Q /O
HO
OH
HO OH
OH

K 7-7 IR SEARN R SR L5 (51 H Gross et al. 1996)

Fig. 7-7  Structure of tellimagrandin II from Myriophyllum spicatum
(Cited from Gross et al. 1996)

Nakai 4 (2000) TEREALINEBE (Myriophyllum spicatum ) W35G
INA T AR Z Bk S RAAAE (K 7-8), WIS (100 ¢ ww /L) 355%
3l TERGFRITPAEINE] GA, EA, SBIERE TR (PA) MILEE (CAT-
ECH) MMREES IR 62.8 pg /L. 76.6 pg/L. 5.2 pg/L F116.6 pg/L, SRS
JHGA. EA, PA I CATECH AR ARG (commercially obtained al-
lelochemical ) XJHRZRGRE S A K AT MHILE (K 7-9(A) ], PFEM ECE5
S0 1.0 mg/L, 5.1 mg/L, 0.65 mg/L f15.5 mg/L [®7-9(B)], Ah, &H
ZPRAY (PA-297, GA-596, CATECH-44 Fl EA-570) XHH4RIMAEHIETT T
AR, MRS A5 A T e BE XA S A BE B PTE A [FUI i 2%
R (predicted inhibitory effect)] A 6196 ~96%0 , MSEPRAIREGLE SRR, fElL
PIEYWREET , 4 FhEZBNR GV 562 ME T is s Ak, R4 fZmiRa
YIRIFAERSSAE  (synergistic action) (8] 7-10),

TAEHR AR . 7F Nakai % (2000) AYSZERH, KRS (100 g ww /L)
B3 dJa . AT 5.2776.6 pg/L W, 25, FALINR BN A
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COOH

HO OH HO i OH
OH OH

AR TR BETR
Pyrogallic acid(PA) Gallic acid (GA)
oH Q o
OH OH
H
o OH O
o b
HO OH
(H-JLFEE HAER
(+)-Catechin (CATECH) Ellagic acid (EA)

K 7-8 FAEIBERIINLEZ B — SRR E TR (PA), WE TR (GA),
JUZEFR (CATECH) FIBEAERR (EA) (51 Nakai et al. 2000)
Fig. 7-8 Structures of the Myriophyllum spicatum-released allelopathic polyphe-
nols pyrogallic acid (PA ), gallic acid (GA), catechin (CATECH ) and ellagic acid
(EA ) (Cited from Nakai et al. 2000)

(&) 10% B
—0 .
— £100
2 e
E10 ¢ g
<§ &5t
210°F H g
g
&105 S g
% !
10° Ta 2y
<
q :
16 . . . 0
0 4 8 12 16 %A 7y 25 5 75 10
fF 18] Time/d ¥ E Concentration/(mg/L)

BI7-9 (A) AFHSE PA XFHISR A SR I INZER5Em . (O) XHE. (4) 0.3 mg/L.
(1) 1.26 mg/L, (®)2.52 mg/L, (£)5.04 mg/L, (B) £ PA, GA, CATECH fl EA
TRV R G I R A K AL, () PA, (A) GA, (2) CATECH, (®) EA,
BRFORREZE (n=3) (51 Nakai et al. 2000)
Fig. 7-9  (A) Growth curve of Microcystis aeruginosa as affected by indicated concentra-
tions of PA, symbols correspond to (©) control, (4) 0.3 mg/L, (2) 1.26 mg/L, (®)
2.52 mg/L, (~) 5.04 mg/L. (B) Respective inhibitory effects of the polyphenols PA ,
GA, CATECH and EA on the maximum growth of M. aeruginosa. Symbols correspond to
(©)PA, (A) GA, () CATECH, (®) EA. Bars indicate standard deviation (n= 3)
(Cited from Nakai et al. 2000)
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B FF Density/(1~/mL)

10° AW H Not detected

0 2I 4. 6 8 ‘ llO 12

i [8] Time/d

[ 7-10  ZB PA. GA. CATECH Fl EA X i 2R G 8 A= 4 i il
(©) TR, (&) ZHHREY (51 A Nakai et al. 2000)

Fig. 7-10  Growth inhibition of M. aeruginosa by a mixture of PA, GA,

CATECH and EA. Symbols correspond to (©) control, (&) polyphenol

mixture (Cited from Nakai et al. 2000 )

HILFN100 kg /m” , WARAEE B SRR KR 2 m, WA FAE9 &R
200 kg/m", XA B IRKRDTKAL YT e A 2 BAE 2 BT 5, e,
FERDUARW . D7 s B TR AR Y ) B KA TR 1963 4F ., P34 1. 78 kg /m”
(BRIEIR 1990) , MANE] Nakai 55019 S50 BN BEAE Y HERG 1/100, TiH . £
Nakai ZEA9SCH P, BEXTHILRA0RE S = A ol 3 R VR FH 0 22 M ik B 0 LU ARAE AT
PN B B R WP R RO ERCT A, IR B D PA VR E N
5.2 pug /LM PA R X R 28 1o 98 98 7 A= b 25900 0/ FH 09 Wk B 5 3K 1. 26 mg /L
(K 7-9(A) ], MIEHAZE 240 24,

ff RS A (2006) LA T WA R WS KARY)— &P (Ceratophyllum
demersum ) FITE L H IHE K V) o X ] o Aol 2 e A BRI AVE . #5E &3mi 3
B MRS, SRR P ERER AL 59 . ELAE R et f 4 o Af
E—E2ES G-, Sy b LM &g GERT) Y
H4R A 0. 013%6 F10. 01126 , TAET#3 40 0. 1506 F1 0. 1%

MW RN Fr oA 100 mg /LB, XTSRS W I ER . B
AR A 2ead 3 d ARG B AN AR AT TR AE 48 2 Tl 0 Ak
FAEAFPRMFAE R AT, SaMA TR 26 (' 71D, #% FRHE
() A R i 4 ol A A TR BB ) B R T i (&1 7-12),

HAAERMGIER = 100 X (4 —p)/p
7= (nN. —InNo )/ (ta — 1)
P, BN IR AE KR s RN A PR 7E HE— Wk B R A9 P 3 2E Kol
Ky NoFmiBIF Rt o) MEAIEEE O /mL); N RRLHEER (6)
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I ABEANAERE (> /mL),
R71 SHEEMERAAHEELHNINES SEESPHHER T SWHFSEH)
Table 7-1 Percentage composition of various volatile compounds in plant tissues of Ceratophyllum

demersum and Vallisneria spiralis on Microcystis aeruginosa (figures in the bracket indicate number
of the compounds )

i 4l C.o demersum TEEL V. spiralis
J§4r Components
Hifif Fresh TH) Dry HréE Fresh T#) Dry
JEMiZAb &% Fatty compounds 25.3(22) 50.9(31) 33.4(26) 47(21)
2 /B Alkanes /alcohols 12.1(11) 7.7(9) 11.6(12) 2.1(9)
P /M Aldehydes /ketones 10.0(4) 20.4(20) 13.7(10) 13.5(8)
& 15 /2 Fg Fatty acids and esters 22.8(7) 3.2(2) 8.1(4) 31.4(4)
(S Terpenoids 5.9(4) 15.8(14) 0.8(3) 19(11)
W2 Phenolic compounds 3.1(2) 3.4(1) 1.6(2) a
ABIK W R Phthalates 44.1(4) 16.4(2) 16.6(4) 19.6(4)
AKHHY Unknown compounds 16.4(1) 2.4(1) 22.5(2) 1.1¢0)
&1t Total 94. 8(33) 88.9(49) 77.9(37) 86.7(36)

s RARTA D EE<0.1%  “Indicates a content of less than 0.1 %
(51 F & 19 55 2006 ) (Cited from Xian et al. 2006)

(A) 40 ®) 12r
= 35F
E —o— Xf 4 Control 10 O+ H 41 Control
S 30 —o— &M C demersum o4& C. demersum
’5 25| —A—%E Vspirglis 8 .%ﬁ V. spiralis
L 20} 6k
2 L
g 15 4L
a 10
® L 2
s 3 .
|
0 3 0 0 3

I 1) Time/d
P 7-11 <G fEa I e P X E Sk P B MR T (51 1 RS 25 2006)
(A) FreEHs s (B) M9 T4
Fig. 7-11 Inhibitory effects of the essential oils of Ceratophyllum demersum and Vallisneria

spiralis on Microcystis aeruginosa (Cited from Xian et al. 2006)
(A) Fresh plant; (B) Dry plant

AT B AR (10 mg /L) AR5 1T 222 /DK A A ) R Al
W, FERERTY RIS R 0. 01300 3, EAEPHIKIEN 1 m (19 A SRR
AT 10 mg /L FERIN , WIFEEE 76. 9 kg /m’ 7K AAERY . 17 ELIX SEREH) 1A 11
FERIMA AR R K, AR, IR O Ak BETE A SRR IR R 2 LT
AATREH LAY, PRI, 3 WA ZBUR A K A AR B A AR SR JBTE SRR o i
B, AREE BV BERARE I , Ah , EARTSE A, BUREMEL S Y 2
REEA I A AT B — P HIWTIE
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Rtk
Percent of inhibition/%
o
(=)

10 I 50 I 100 I 150
¥ E Concentration/(mg/L)
P 7-12 TR BE G e TR A B ME TS P (51 A SRS 2 2006 )
Fig. 7-12  Antialgal activity of essential oil from dry Ceratophyllum demersum
(Cited from Xian et al. 2006)

i LR, TR R, BRI E Y EREZ W Z R EZRR
TE, fEfR% b, BEEEIEAUREY sp” 22 LB T AHE I A RO, KA 2
WEYE N BB, MO B2, 2047 8000 Z2F, 4 REZHmRIS
PR AR B, R A — AL S R TE . LT AL E Y
A — R, BRI PR, NERAES P . IrLRA DR,
BRI B TR MR T IRAEAERRE TR (phenolic acid) L&
Yy, MLASE R FRERZEHEIZE (minor flavonoids), FHYIEN IR EYA
ZRPZRIIIEE . B R EADUR, ARRTIGE, 1AL, AP R RO
TR Z R RS A IREAE , AR TR sPcE, ik s
PR RRRIR Y . BA5E A e sl 2 T2M , FZiiiesy
WEAPIRH AR RIER SR 2005),

= TRAE R i B H A A A R

WEBEATXK AR A B L K AR AR T B e, o, K
AR B TR S A [ AR AR N N, P OREHB R EIK A, bk N, P YA
B, HUC, AKAERYI IR 2 B g TR T B, 7RSS EA)
WM Y Chautauqua 1, Jo/KAEMPIET , BT XIREERZHRBIRTE, ik
JERET R s MAEA/KAEMYRZET , th TIRlewdiplos w5 , K LFx gk

M (B 7-13), EAh , XGED B K T v i ] (A= 7 ) 1) S e L/
GOKMInE RIS Z (8] 7-14),

MR TR RS » S Al KA i it N A P b a8, =,

IR — A RBSEIKNA , AR Ry R & B SR At oy ™ B X, I BA T
o 127



7007 e— Rkt !

Spring (no vegetation present)

600 o - - - FR(H A LML)

Summer (vegetation present)

500

400

3004

MBE Turbidity/(mg/L)

200

100

fo 14 18 22 26 30 34
JJ# Wind speed/(mile/h)

K 7-13  fESEEPAETHH Y Chautauqua 1] , FZFICKAEAEYIFE AT K AERYIAAER 1S
BT . ARIAXGE T A REEAE AL (1 mile=1. 069 34 km) (&2 [] Jackson and Starret 1959)
Fig. 7-13  Turbidities of Lake Chautauqua ., Illinois, USA , occurring at various wind
velocities in the spring when no vegetation is present and in the summer when vegetation has

developed (1 mile=1.069 34 km) (Modified from Jackson and Starret 1959)

£

€ x
3 X2 /
25| #s gy
== | B39 39/
B3 ) M5
g 3 e,
g .3 /

u:> 1

o /

3 /

2] 1

1
Sy [
J# Wind speed

B 7-14 BAKINA-SEHKEIA P BRCETEY) (SS) Bl XU I i i 7 28]
(51 H Scheffer 1998)
Fig. 7-14  Predicted increase in concentrations of suspended solids (SS) with
wind velocity for a large shallow versus a smaller or deeper hypothetical lake
(Cited from Scheffer 1998)
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IKAHIR A 5 ZRA5R%: (2005) F 2003 4E 5 H , 18 KIMHFRIE I EL , 7>
FIXTEER K (6 H) FF (10 H ) AH B K bR [R1GEE  BORE 779 (SS),
MHE (TP), BB (TDP), BA (TN), BEME (TDP) #E Ak &
(LOD) MyAsfbit AT T e, R BsR XT3 SS, TP, TN 1 LOT AUf5 L7, 1fi
TDP #il TDN %A B384, RETAYHE) TDN b AR Z &6 10 45,
TDP Zp 78 4% (B 7-15), Hfif TDP WA WS FFto ATRE 4TI ET7 1 [F]
W, AACEFRERBETUR R R, i ELUUR W Pk, e R P IRk
MR E LR . S sl R)n . AT RE SO B8 JR 0 [T, TDN iy
A[A A T e A RIRIHLE], (R KRR AR AR — S04 1 . fEsh
Peahle i) 3~4 h N, AOUZ FEKHA TN A1 TP ¥R &34 , i 5 TDN,
TDP, SMNEBERRERMR Y BT, IRk 2006 ~3000  CRITFE% 2005b),

I, S5/NEIGIKIIIAAR . KAIERAKIBIA b K AR A 1R e B A 52 i
HOR R, BT EKIE R RS Z AAE—FE R (Scheffer et al.

(&) 1200 B 500
—e— 55X, Strong wind 450 |
1000
- -0~ — X, Weak wind 400 Y. S
~ 800 & 350F L -7 N
5 < 30.0 §’ \\
g 600 9 250 F N
@« 20.0
w
400 15.0 b
200 10.0 ._f_’—l—/‘.’\!
-3 5ok
olo===o=-—o0——-—-0" 0.0 . . L
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
JKIE Water depth/m K Water depth/m
(©) 0.60 D) o012
0.50 0.10
~ 040 ~ 0.08
a
e S
£ 030 £006
: 3
020t 2 0.04
0.10b o ______ o3 0.02
0.00 L L L 0.00 1 1 L +
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
7KK Water depth/m 7KK Water depth/m

K 7-15  FERMIMRRE R i — A RAE R, ARIKIZEET GRAFREE 8 m/s Y ,
FIRFR/ANT 8 m/s IR FRLETEY) (SS). BBk (TP) FAAMEE (TDP) WA
BeREE (LOD WyZEfk (51 AZ{RER4E 2005)

Fig. 7-15 Changes in concentrations of suspended solids (SS), total phosphorus (TP) and
TDP, and loss on ignition (LOI) with different wind forces (strong wind denotes a wind speed
greater than 8 m /s, while weak wind denote a wind speed smaller than 8 m/s) al a near shore

sampling station in Meiliang Bay of Lake Taihu (Cited from Qin et al. 2005)
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1997), Hitt, NOCREMMBMAEERE . Hok A Rk A iR rTBEA A T
BOKAER A (DU AR X E TR SRR AR f ot — P OIS, (R, W]
PURRERE , ARAMB SRR IR EBDR Z [ s e, A, KA
FER AR P A TEAE AN N P OREEREIL , X U ) T i K e R A e

DU ERIKIITA R K R KRR AR 2 0] ) e ik

Scheffer (2001) K§PhJEE ., EIRAKT-. DUKAEBAPF IR AR, $7 i
THOKINATER K AR (& 7-16) MIFPERA Z A i i, =N JeA

( } 1
{ i
e o, SR r)"ki i =T
L. & bl I (Ve =
I J‘J ey 7 ':\q:g\-v-.

K 7-16  —AKA = SR SRS ACIRES CRIED FI—NRT0K AP K B
BB AEFIRKGRBEEIEE . PRI S A CRZS CRED BBk iliA
/RGP (B1A Scheffer 2001)

Fig. 7-16  Schematic representation of a shallow lake in a vegetation-dominated
clear state (upper panel) and in a turbid phytoplankton-dominated state (lower

panel) in which submerged vegetation is largely absent and fish and waves stir up

the sediment (Cited from Scheffer 2001 )
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R r .

L) R Bl SRR 1S i3 i 5

2) KA RERE AR IR

3) YR AN RO IR . KRR K

FRAEHTPIAMEISE . JhBEXT R B FR R A AR (L S B AR RO R . — N
KA R , A — R KR, it —AN i Rk R
IKAREYIRGTE IS . FEBLARAE T B RS 2R 4 L 1 ) 2R BT o T 7E X — R LA
T, R F R R ZE . E— AR E SRR LR, PIRCRASE AT
— A KEREIPIRE . 55— WA KA R RS, RN
FERASET . HA KA SRR PR SR, MmN E SRR, Hg
TAEE PR SAAAE (B 7-17), 475 2558 i HaE F5 3ok K R 1 AR S i
SRR AR TG PR, BV SR A B ARG R B ACIR S K . RGN
FRERHIR A e R T BE RN L A S IR R R R R B R AT B KRS
W, RGEATREMIEACRE LA (B 7-18),

U Turbidity

Critical turbidity

HFEER Nutrients

B 7-17 YRR — IR SRS, DUKAE BT 8 S BUR G2 1) UK P
AHIFAS . Wik Fs 2 RGEATE P TRE R P AR — 1 20 19 22 4k 5 1)
(51 F Scheffer 2001)

Fig. 7-17  Alternative equilibrium turbidities caused by disappearance of sub-
merged vegetation when a critical turbidity is exceeded. The arrows indicate

the direction of change when the system is not in one of the two alternative

stable states (Cited from Scheffer 2001 )
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| A B AR
I Shift to turbid state

z A
3 A
B I
= | e
Ll e A ]
B | pEss Critical turbidity

Backward &

shift Y %ﬁg’%".w{\o
I B\)“OQ“\
3% Nutrients

K 7-18 VRN IR Z MR FEA S5 20, W1I0068 38 75 G e o ozt R o
JABE (311 Scheffer 2001)
— ELIA L S B AR o IR ER 1 ) DK S O LA P 2 AT o 2 R
BER R, ELENE IR AR 2T AT R Y4 ) K7
Fig. 7-18  As a consequence of the alternative stable states the lake shows hys-
teresis in response to changes in nutrients loading (Cited from Scheffer 2001 )
Once the lake has shifted to the turbid state, a reduction of nutrients leads to a relatively
moderate decrease in turbidity along the upper branch of the equilibrium graph until

nutrient levels have dropped enough to go through a back switch

BRI, JRZKIAIA AT A2 B IR SR AN R RS . — R EE KA
JEETEBIRAS 5 D5 —Fho= 5 e W B PR U ) S i Uk ) ) A 5 TRk R A
FEMCIRAS . DKM YRR FARBEIRmICIEA K, RO 35 TR A0 2 i
PR AP S M PR . (B ARF AN BEAh . T UOKA Y 2 07 Ui
SRR T . BRI BT P TR Sl il 2 R B T . BRI
S TIEESEKAERIRE ) (Scheffer 2001),

Scheffer (2001) $iH 1 AK WIIATETE 7K 37K PO FP AR A 22 T) e o ) ARE A
R, (HIA TG ZEAE PSRN [ ST REAS TN () 2 s . 28K, 7F Scheffer AR
AU, IR HHEOCH B KA A B R,

HAE L, BEFFBOUKY R R R AR — N E AT R,
WK AR G R R A AR B A B, AR R 2 KA 08
TP AR EEN . HEER 2R S B KSR R 20T AN E
PR TE PR CHIRA R AE M ), HER 2R FEUEY s 0 >
JEEAEYREHE E YR T RIEEERT . SEdE R EER (B7-19),
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SOEERL
% Eutrophication

e R B WL ALY
K &?ﬁﬂ%% BLeEE

Y gpmmmEE

o‘ Nutnf:nts, lf)w light, low ok A
. ¢ O,, inorganic and organic i} ...
- i toxins, heavy metals
. L ER AR
Yo L R4, KiEEE2%. [ Unbalancein
% L TR, s [ allocating
*s % Phytoplankton, attached f; | Buttients i

4" algae, invertebrates, fish | | e Poisoning
-t SN
o~ S
0’\&’ EYIEE o ) Mt 534
Y . * Herbivory
- "} »
.. *, and competition
. R

K 7-19  FRAEW AR E IR R A R, oKW K AR R R R R R
LA BOR D
Fig. 7-19  Schematic representation of the decline of macrophytes under biotic and abiotic

stresses in a shallow lake (Based on information by Drs. Cao and Ni)

I )

TR A A B K A AR O R LG AR R B AR AR B 56 . AR
FERHAIAR ] AL AR A A X T5 . B SN A M T A PO I B 2R T
IKAREIRLEAT , TAEIAL 220NN REAR DA ) AR S P A 20 o i v P
JE, ARREBEHESCHIE , 3245 01k, ATETCIEFIETEMTI | R R oE—J7
el — I

KT BFIF 204508 WARIEAE FART LT AT R BLAY AL B R4
(4, WARIETCIE I PR, NIt fict7e A AR5 T RE R U L TRl N i B
W —Le ) RERAR , A REPAT O NMEAAIZER

Fz, BRALEWRAL , KRR rl i AT 5 (AR e IR R A
FDEHRZRAE) RsZmd e, 5 . AKAEAEB A REB nl 5 E TR YRR N P
KRB, XWAMTEBOKERARE, 1A, S/VEGORBIAM L, KREK
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TOATFT HP K A A P TR T 0 IR R TS UK AR R R S (R A —
FRIERBROER . L, MOGCRERITM M RERE | Fw A0 518 il REAE ATk ek 4
A s BSRA KUTR) PR T X8 FRER DGR A A7 1L, (FAR B 1
INPICRR~ B K Z [ S ss e,

Scheffer i | HFRKF. TUKKEBRTRIAAEIBE R ER , 4211 T Kb
THTENE KA RSS2 (R e 2 e /KvE vl DA S R AR AN
ARRAS . —FE A B /K AE M AR B TR . ) — R o SR B TR AR
R TR A B TR AIRAS . FEMACIRAS , LKA DR K 8 A4 ' HE 1 D32
A, AR 36 TR S Bl TR R £ A S I ORI, il I A A
i HAh . FUUKAEY RS TR s RS T . T AR 500K A 77 1 3
Witz R AR R T . RARTR IS s il K AR BE ) . (A T B AR Ll
ST RERS TN A S AR

B, FEERAKIIIA T, B MG —DUKAE R 5 22 TR A 55

KA RS M 25 NS K B BRI A, LRI R S 2 e R A 15 T
‘f%%ﬁbm
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FNE BXREEFEKE

MIAK ARG BE A T, SOR AR EZ Y, JF YRR
B, NI, 2R SEBOKAEROC R AR Z B H SO, TR B BOR Rk A
H, MR IR R K R A AR R R RN, — S ] BB
1753 — et e ] REER £ LI/K RS BN PR lir sh 55 . i TR KRR 5
RE AT E R (MC), T MC R AR AR A M g B A AR B0 7= A REEAE T
PRIt K AR 2 AR M 2 AR R L, A, e TR MC
PUMEAFEZe s, L, SR —Sen] BRI . X MC HTikam A 2o A
BERE WK AR A ) T B s 32 G

— . WEEAKAEXS A SRR R B S A5 i)

A REEBOK AL TR I AR T S A OB, 48 Rodger 55 (1994)
il . 7EJRHE 2219 Loch Leven, M/KAEMEBE (A ndbaena flos-aquae) KL%
K, 294 1000 47405 (Salmo trutta) PET-. MEEFST AN A. [los-aquae 7K
XN REA RSN, B, SEUOSIET M RRAR AT Re R s i R
10 2 5 i EC T JF R M I S M 2 v e o S T 3R Y R s i
HR AL I E . S GEBENE (epithelial permeability ) 81T i 7 %
TEAHGUPR, B, LT XRh ESEIE TR SF R ER 7 B 45 W E R ] K AR
BRI 5K EFET 53 i R AR A S BB Chypoxic) ZRIMFFTEL, MTE
Loch Leven. ™ A. flos-aquae /KAEFCT 73 H BLAESLIY (moribund ) FREBERT
R EUKT- 2 IE 7K 90%

it English 55 (1993) i , 7ESE[E K BN fg 07 I X, 1990~
1991 4E[6] , FEFH M3 A BE S SR (Tetalurus punctatus ) FIFET R ik 5000 ~
90% , WA A R KAE R 22 (A phanizomenon flos-aquae) FREL,

i Zimba 55 (2001) HiE , 7E3EE MBE A SRS GE M, S
FICT-F 1, 1999 4F 11 A, 7EBTHE A0 3 b rh 294 10 1 Z %07 2 AN
FET, SIEPHISE L RE B (Microcystis aeruginosa) MU 5 90% DL, sk
MC 835 5778 pg /L. BESSURMEAFIE Y MC & 828 1237~250 pg/g. F
BRI TR MK SE 10 4, SRR mE NS aE (REZ 20 o) KNS
0.5 mL 7, 48 h WHIEFET:, HANGEMER I A I S BIPE , PRH A 4 i
BOKAE BT FEHH I B R A KA AET
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e SR 2SR R rT RER RN 5, ol BB H: A AN B A R A ¢
Z, B, —SeRUE SRR TR RS [ (salmonids) ] X MC /5 FE AR
B M—SE R E R PR R a2, DD s T BESE 2 fih MC, TIXS MC
A BRI

35 Carbis % (1997) il , FEBRAIAY Mokoan W], % A:A7 AR T LAY 2R
THEEBOKAE , 1~4 JI S oK/ MC-LR & 524 2.274.0 mg/g DW, 1E
274 JJ ] NI R AR 6670 (SR Aa I IIE 1 302 B A B 2245 (hepatocyte at-
rophy ), 3706 (SR SE 3 BRI ASAL , 55 [RIEHI A 75 — A~ oK K 2R i K £ 1
Wellingto i H >R 4E %) 1 £ 41 Eb . Mokoan ¥ 8 A 111 3% H 09 25 W 5% & il
(aspartate aminotransferase) FIHZLZE (bilirubin) WEK E , X F W] Mokoan
80 ey — A £ 0 ST A M D BB 24 . (HJZAE Mokoan ] £E 1 Y i £ 75 e R S il g
1, AT RHGE . A TIRE AR R IE B e — B X e
FEAAIRRAIDUIE . BELIA T ENE , JFRETREA I, B Al ARAT Rt
W EKAE  (Xie and Liu 2001),

T EEBORAR P it

TE T E TR WA I RIS 0 SR A AT . O alsm] , Rl
TR s QDA EFRER IR A A N/P ) s Qi HUMIR & B0l R
HE B2 s 5 i) /K i U Ok 9 A i B ] @ AR (Paerl et al.
2001),

TR B ] REXS HARARE AR M R A R, TR — R IrE R
RGN E— S R R B S A AR AR (R AN B2
XK IR A AT BE 0 AR BRI AR HT o] S EOE R R KR, 153K
W fERNFEARE, Ben, 20 40 80 A-AUHT . AR H e BUR 19 Malpas
K, (B RR B A% KB LA B e K A0 i o O] Malpas 7K ZE7K A9 R IfL
W AT R IE N e A W T 1k S 8 T, RIAAFAEAN B2 475 (Falconer et
al. 1983),

S MO SRR | AR SRR B B R . R
EFERER , EREEOLT B IRER R AJE AR IR ARAMEIA R T Ok B
S, AE— LN PR AT AR i R ABITE P A SN G Ay T O JR SRR AR
KA RERS I BACR, T H , AR =R 5N Fm R, AR N/P B2
KA AR A A,

=M TN EOK ONT S m) ARG, WA R
K UK AT AL . S PR ARV AT

SRR T A TSI B B (H R UA R T2 . X AT
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PRI I RO A YRR A AEHE SIS B RO R T A A R 5 U R
TSI R P R ORI D B TR T S ) S, I AT OB P U s A A
Daphnia W-FEEFFRISE I, B0 EA TR HCE 1ok T, G T 2l
HEYIRPITEN— R F 2, EERE SR, M3k
CREME LAY O RIS a2 FRil 2 215G, RO X M R B AT,
ARG AR S i e il i K AR B — R B (BROVAR S E IR, 1E
BRI, FREREE, Sz (8PF 2003),

= BERSER) F AR S R L

BEFGE (151 8-1) EE A TIRE AR, 6 —Jb = h RS A R T
AN 3 T = B % D EA R R N 1117 o/ RS N LR R /A0 0 N U I I 63 (TR
WL RUL, BRIBVL, BRVL, R B VL A5 e s 65— A o0 A BT I
B RIRTLPIE, A A T, KVL, BRIELAF P (RS TY 1990),
AR, BER MR B (2D MBI CRIETD.

K81 & (A) M B) GIA T EBEEBOKAEEYIRTT T LR A AT 1982)
Fig. 8-1 Silver carp (A) and bighead carp (B) (Cited from Institute of Hydrobiology ,
CAS and Natural Museum of Shanghai 1982)

B, BEOIE AR AR, SERLKY, PSECREIRE SN (XIS RE 1992,
1993), ENTLARFIAEY) . TRIFshY) i 8 SRy Yo &, P Alks 200k
THARR A SR BE (18] 8-2), i T A SRR Rl BE LU BE AR, PR, JEERY
BV LUBER G, AR TROAERIE R AR E R UL . BE, B BCREEAL , WA
ROMARHUE SRR BE , (H— BN BEA AR 10720 pum DUT A/ F
Uty (B 8-3), &Rt Ry, B, SFGEIEE/NE] 10 pm BEA =K
TR (BEEA)  (Xie 1999, 2001, Cremer and Smitherman 1980),

TER RS A TR B SR, PRI AR & Wy 5P ok (LU
AT ik 68,50 GEFEN 26. 496 ~91. 600 ), TSI ITEsh I
PR —28E, SEH) 64. 7% QU 15. 4% ~98. 4% ), e K e R & AR
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g - T
Silver carp 1§ Bighead carp
K82 Mk ST R A . m— SRS GEUEMIIR ) (1 H Spataru et al. 1983)
Fig. 8-2 Portions of the gill rakers of silver carp and bighead carp, m , inter-gill rakers space

(filtering meshes) (Cited from Spataru et al. 1983)

18-

121~

K ZE/[L/(h - )] Water filtered/[L/(h - fish)]

L1 gl Lo Lo
1 10 100 1000
Biki B 42 Particle diameter/um

K 8-3 BEREYIEERAR (G1H Smith 1989)

B R AR OR SR (4G i RBR 1 . Al A (REREFIIER ) ; @5 B (U
) B {0 C WRIEEI Y, da—3; ceMSLIE; di— 4K & cy—BIIK
na %%ZJJMS, bO*%%%

Fig. 8-3  Clearance rates of silver carp (Cited from Smith 1989)

Points are means* S. E. for each particle type; & , trial A (yeast and pollen); ® irial B

(micronic beads); B, zooplankton from trial C. da, Daphnia; ce, Cerodaphnia; di,

Diaptomus; cy , Cyclops; na, naupli; bo, Bosmina

T8 1, B, SEEIE Y T LTI b A e — 3k 8906, Bk 8506
(& 8-4), HASEEIE , SEA SRy T, B0 T 434 L i
1A SRR T BE BT L 6500 (P 8-5), ST RESR T Y
SRR, DTTE 2 s B T AR B T
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100% _ WK Lake water

80% r
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lOO"g % Silver carp
80%
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B Percentage

0
100% —## Bighead carp

80% f

% [ VI 3N
0% T i
40% r Zooplankton

I
Phytoplankton

20% r
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A4 Months

Pl 8-4 2005 AFELER WM T /K A0 R Fpc R B 8 S0 35 0 o B 2 R AL )
FPFIF S i o R R (51 A Ke et al. 2007)
Fig. 84 Seasonal variation in percentage of phytoplankton and zooplankton hio-
mass in the lake water and gut contents of silver and bighead carps stocked in fish
pens in Meiliang Bay of Lake Taihu in 2005 (Cited from Ke et al. 2007 )

100% r
80%

[ & % Chrysophyta
gb [E] ¥ Euglenophyta
s 60%

g B K ¥ Cryptophyta
&

[M %E# Bacillariophyta
& phy
X 0%

%:¥ Chlorophyta
Jhang phy

B ¥ 3 Cyanophyta

20%
0% !

Lake water Silver carp Bighead carp

K 8-5 2005 A AIMFR L 1K I s R A% . 61 & ) vh 45 Fh i i
YR (51 H Ke et al. 2007)

Fig. 8-5 Mean composition of various phytoplankton groups in the lake wa-

ter and gut contents of silver and bighead carps stocked in fish pens in Meiliang

Bay of Lake Taihu in 2005 (Cited from Ke et al. 2007)
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HRIE vlev EBMFEE E= (R — P)/(Ri+ PO (RFRTE ST R
PFRIRAEI K A I HL R ) e B B T 2 (W TR IEAE Y L B LR 2
HITEIE SN . XU RO T U sl 0 BE PR B - M e, i
XU SN ) ()35 B G = T X VR AR (R 8-6), T LS FIr FR L 14 7 Ui
FE . A TR TR Y At

1r Ir
osk fif Silver carp osh o O 4§ Bighead carp
06} Co
04F
02F
0

—04}

Ivlev¥g 4 Ivlev’s Index
=
o

Ivlevig 4 Ivlev’s Index

| |
T
© o

1I2I3I4I5I6I7I8I9I10I11I]2I T 2I3I4I5I6I7I8I9']OI]]I12I
A4 Months A4 Months
FHIF YL RN Yk P
-@- Phytoplankton selectivity - <O-- Zooplankton selectivity
K 8-6 2005 4FLE K MWIMEAR S B A AR IR A . S0 TR R R 22 AR 1
(5] A Ke et al. 2007)
Fig. 8-6 Seasonal changes in food selectivity of silver carp and bighead carp stocked in fish

pen in Meiliang Bay of Lake Taihu in 2005 (Cited from Ke et al. 2007)

VU, FERMIMEREE A THOREE, S B KRR SERIT T

2004 4F 4 H 2 2005 4F 3 H , FERIIHERRE HEAT 1T R PSS il i ek 48
AREIFEIRS (AL L. 088 km' ) 28, BFFELRFEW], 6, SxIA A RA R
SRADTYE , REREIEAHMAERE, BARNHRAT —ENER, HIRIE
Ak,

L KGR 78 o T S k4

RIS Je— M e B IR BUKIR , A B AR AT A ek e kA (%
fA5RAE 2004), WFFCIAMEI PR ERE I FPE T2 LASRME . e, REBE . DAISHRAE R
DUERR . P SERT 5 0 el fe s, AR T XA S B AR Y 58. 206, IFF
T OLFEFPAE FIEEETAY 3 7 ZFEEE (Cryptomonas); 4 HARFFIAE A Ba Al
223 (Ulothrix); 576 A 2238 g —UHF ; 78 Bk ERERK , If
TSR R T KA (K 8-7), HLRIHERE (Microcystis aeruginosa) JEHH—
RN 9~10 H UM HEERE (Melosira) NPLHEFR, 11 H 2K 3 HKH
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TRIAEYIR IS | AEYIREL (<S5 mg /L), KRR HR 4 folca i 2t P 28 3R e
{3k 15.58 pg/L (7T F) (B 8-8),

(A) (B)

P 8-7 R Hh s ] ol e /K R ) Y R A 52 5
(A) AR BKAE s (B) WIRAESIF 5 (C) TRIRMTRYEE . G (D) —4F)5
WSS I ) 5 61
Fig. 8-7  The large net cage experiment for the biological control of Microcystis blooms in
Meiliang Bay , Lake Taihu
(A) dense surface Microcystis blooms; (B) fishermen drawing net; (C) fingerlings of
silver and bighead carps at stocking; (D) a bighead carp at harvesting

after a growth of one year

2. 8 SRR INER A AK

fiff | BEERE T R I A SRR AN, e, FEWTS N, XEERTRA RS
VIR B R b, e B e A R TR A R E Y 25. 8% G LR
0.0200 ~84.4% ), 8 ATt s i o b il e s W LT IA S 900 MC RS
J 5 W P s B e A R TR IR A A Y LA R IEA DGR R (=
0.897, P<<0.01) (Chen et al. 2006),
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Pl 8-8 2004 AEFERCTREE, BRAORBEIRE L KA AR MC-LR, MC-YR I
MC-RRVKIE GEE ESFLC/MS W) HIZE ARk, SAME N PR S -3
fE (31 H Chen et al. 2006)

Fig. 8-8 Seasonal changes of intracellular MC-LR, MC-YR and MC-RR concentra-
tions (detected by ESI LC/MS’) in 2004 in the water column of the large net cage
where silver carp were stocked. Each value was the mean of two sampling sites

(Cited from Chen et al. 2006 )

IR MC TESE, B4R a8 B A —E i RER, Tk, S A RKONER 32
B, RO IR AR A KA 258 TARRZE R (2004 4F 4 2 2005 48
3 H), BERPEHAE M 141 o RN 1759 ¢ GEhn T 12.54%) (818-9); Bif-F
PARE N 264 ¢ HEINEY 2811 ¢ (AN T 10.6 47%) (K 8-10),

60 - 12500
H-wr/C
& 50 —K=TL/cm
L 42000
£ 3 40} 9
: £, {1500 2
=
2 2 3| g
8 E @
g £ 41000  fe
= % 20¢ &
2«
ol 4500
Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. 0

A4 Months

18-9 2004 4F 4 J] 2 2005 4F 3 JIHIME] , FEORMIMERE AL b, KR (WT), fif
M4t (TL) FRE BW) K144 (GIA Chen et al. 2006)
Fig. 8-9 Seasonal changes of water temperature (WT ), and total length (TL) and body
weight (BW) of silver carp in a large net cage in the Meiliang Bay of Lake Taihu during
April 2004~March 2005 (Cited from Chen et al. 2006)
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Ei 50f {2500 <
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P 8-10 2004 4F 4 J % 2005 48 3 H BAMH] , 7ERMIMGEEE A R BLFBIAS h, JKIR (WT),
et (TL) AR (BW) B9F12246 (51 A Chen et al. 2006)
Fig. 8-10 Seasonal changes of water temperature (WT ), and total length (TL) and body

weight (BW) of bighead carp in a large net cage in the Meiliang Bay of Lake Taihu during
April 2004~March 2005 (Cited from Chen et al. 2006)

3. W EF XA AL T WA

B S ZRE (- 8-11), FI/EFRER K ped . Wik T, ZEEUS1L
J& . /A HPLC il LC/MS 7R RS Eabr. Sy (fEmEE) i
MC & ik 97.48 pg/g DW ., FEFFAE, B W A0 8 Hh ) B i 75 o 49 ik

[l 8-11 Bz o i A
Fig. 8-11  Insitu sampling blood of bighead carp
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6.84 pug/g DW, 4.88 ng/g DW I 1.54 pg/g DW (& 8-12), WIRITHE MC [
fr, MR e (90.04% ), WLA (5.24% ), HFHE (0.87% ) FIEFWE (0. 35% )
w2, HAg A EEAR 0.51% 5 WAL EBRA S, WUA., FFIEATE IR
Fef 5k 75. 22%  12.50% il 4. 97% (Chen et al. 2006),
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el 8-12 2004 4 4 H % 2005 4F 3 A IIE] . £E RIS A R AL IR HRORSERYBE I (A,
FERE B), BBE (CO, i@ (D), MRS (E), BAE (F), LK (G) FIEE (H) # MC-
LR, MC-YR #l MC-RRYKIE O] ESILC/MS IIE) mZtefl, A MEdiftdk 5 Sk
MM (51 F Chen et al. 2006)
Fig. 8-12  The seasonal changes of MC-LR, MC-YR and MC-RR concentrations in (A) in-
testine, (B) liver, (C) kidney, (D) blood, (E) gallbladder, (F) spleen, (G) muscle and
(H) gill of silver carp collected from a large net cage in the Meiliang Bay of Lake Taihu during
April 2004~March 2005 (detected by ESI LC/MS®) . Each value represents a mean of five
individuals (Cited from Chen et al. 2006 )

S5 410 MC {E W TR 85. 67 g /g DW + FERTHE . BRI
P R e A ik 2. 83 ;Lg/g DW, 1.70 yg/g DW Fi 1.57 Hg/g DW , 4FF
PIMC S8 N I 18 = 5 BE = E = 19 0E > RH 2% > LA > 1 i = i
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(1 8-13), MC FATTTEME SRS (89.54% ), WLIA (7.22% ). FFAE (1.05% )
FUEHE (0.79% ) IRz, HALSREAERAL 1.41% 5 WREEmSY, LA,
AR T RS o g B A 45 5 77. 3% . 11. 3% i1 8.5% (Chen et al. 2007),

10r [ MC-LR
I B MC-YR
08 oo ¥4 MC-RR
E 0s | - L
o0 L]
2
O 04+ ?
=
02 r
%% 0o
% %
OO 1 1 1 1 m 1 1 /
TR JiEE: 2 e Je =43 i k%3 A
Liver Gallbladder Spleen Kidney Gill Blood Muscle

K 8-13 2004 4F 4 JJ 2 2005 4F 3 AL, 7R K WA A4 QR RIS Hh >R A1 B0 5 25
Fhw e P, ARZE, JEAE, WU, 88, Mg AMALA D) iy MC-LR, MC-YR Al
MC-RREEE O ESTLC/MS WIE) 4-FfH (51 Chen et al. 2007)

Fig. 8-13 The annual average values of MC-LR, MC-YR and MC-RR concentrations
in different organs (liver, gallbladder , spleen, kidney , gill, blood and muscle)
of bighead carp collected from a large net cage in the Meiliang Bay of Lake Taihu during
April 2004~ March 2005 (detected by ESI LC/MS®) (Cited from Chen et al. 2007)

4. LI EH R AR OV AT, W 0 M S A N R

FFECZ R (2004 4 3 F ) XA, SR BENLIMFETET AT . B LS
HLAVERA, R BRI, BHLUE S M5t (K 8-14(A), E 8-15(A),
K1 8-16(A) HIE 8-17(A)], 47~5 A, fif, HFMHFIEA WA B B4 20281k,
6 KRN EEEE 2, 65 S IE B B 0 B 5 . KA R R 78
H o R EE A A T i, RGN, diffissyfitb, BiAk , Ho ek
ki [l 8-14(B) FIE 8-15(B) 1, 97~10 J i SIFAEA LR, KAESS
$E A1 HZEWRAE 3 A, 6, SEFHL IS S EIER (K 8-14(CHM
K8-15(C) ],

FEEBOKAERR R IR . RS IRAE 6 . BRI, B 20 S A R B T
—E MR AL, AN s BRI K . AR IR S T (IR R iR 3
2), WA Z 58S (B 8-18), WA AN Z ol 3 A5 Fe WA HLAR AT 1058 1 1
TRAnfERE A Fn B IR IHT A RE ST . EALRIRGT G 19— FPaE W AL#] (Braunbeck ,
1998), AT G T i 5 BAR T BB S MC 22 T IR A B A Rl 1 - s
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Kl 8-14  KIBIHERIE FIRmNFRIERBE L 2004 4E 3 H (A), TH B)Y MI12 H (C) JFE
i H&E @ Pl R, CFRh Rk, BOEECH 400X (51 A 255 2006 )
Fig. 8-14 H&E stained liver sections of silver carp in the fish pen in Meiliang Bay , Lake
Taihu in March (A), July (B) and September (C), 2004. C, central vein. magnification ,
400X (Cited from Li 2006 )

P8-15 RIS IR N FRIEAER A 7E 2004 4£ 3 4 (A), 7TH B) F12 A (©)
JFIERS H&E Je @R, CFomrh ik . BOUEEL, 400X (5] A ZH] 2006 )
Fig. 8-15 H&E stained liver of sections of bighead carp in fish pen located in Meiliang

Bay, Lake Taihu in March (A), July (B) and December (C), 2004. C, central
vein, magnification, 400X (Cited from Li 2006 )

¥, Li%E (2004) FIAHYS T 50 g MC-LR /kg BW 5140 F0 5 i vl 4 3 £ DR fu £y
28 dJe KB, BT A0 A A RE A M SR B B R G M A K M (R Lok
A PRI B e R A ) R BRI A 3S 22 . RITFRR v Ay e LS55 P PO v g ks
T, PRSI AT . BRI A 0i5eE: (Li et al. 2007),

. 146 -



K 8-16  KiIHE AR [l B N FRAB Bk £ 7E 2004 AE 3 (AD, 7H B) M 12 1] ()
BN H&E Q@b . RS FRRMEEENE /MK Bow man BEFEATINGE , i3k o
BT /N R 2 AR 5 TORAEECH 400X (51 2] 2006 )

Fig. 8-16 H&E stained kidney sections of silver carp in the fish pen in Meiliang Bay ,
Lake Taihu in March (A ), July (B) and December (C), 2004. A dilation of
Bowman'’s capsule is observed in the glomeruli (asterisk) and vacuolization are evident in

the proximal tubules (arrows); magnification, 400X (Cited from Li 2006 )

RV AR 2 L S

Pl 8-17  RIMPRTS TR N FRIE A 7 2004 4F 3 H (AD, TH B) M 12 A (C) HHER
H&E Q@I F, RS R AR EEE]E /NER Bowman BEFERGINTGE i Sk W% WL /M 1922
HALFEAS s ORAEECN 400X (51 HZE4 2006 )

Fig. 8-17 H&E stained kidney sections of bighead carp in the fish pen in Meiliang Bay , Lake
Taihu in March (A), July (B) and December (C), 2004. A dilation of Bowman's capsule is

observed in the glomeruli (asterisk ) and vacuolization are evident in the proximal tubules
(arrows ) ; magnification , 400X (Cited from Li 2006 )

TERE WK AR ], B PR IRAE A B, B A L9 A AR bt S i e —RE 1Y
JF 0, AKAEIUIRIGE S 0L B O RIEREE 1 2 T, SR TR R B T
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e

(el 8-18 RIS A P FRAR A A 77 2004 47 7 7 [CADRI(B) JRI12Z A [(CORN(D) Y
FERERLBERI R (51 A Li et al. 2007)

(A 7R BRI A AR 502> o MBS (35 3k o B O RS AL B A2 i GREAE S . 8000

X (B) R IFAIIAE BT R A T R A (1 @R ) RIORHE BRI PR AT B IR (7 k), 15 000X,

(C) RITHMIKEIER . M2, SEES KB (%), 6000 (D) A (C) JrtERACRIE
ARERLR B AE R IE S, 20 000 X

Fig. 8-18 Transmission electron micrograph of liver of silver carp collected from a large pen

in Meiliang Bay of Taihu Lake during July (A) and (B) and December (C) and (D), 2004

(Cited from Li et al. 2007)

(A) showing augmentation of lipid droplets (arrow ) with decrease of cellular organelles and presence of

extremely large membrane-bound vacuole containing granular material (black asterisk), 8000 X ; (B)

showing proliferation of lysosomal elements (white asterisk) and formation of many myeloid-like bodies

(arrows), 15 000X ; (C) showing recovery of hepatocytes , extensive organelle-containing portions of cy-

toplasm around the centrally located nucleus and big fields of glycogen at the edge of hepatocytes (arrow ),

6000X ; (D) the magnification of box in Figure (C), showing normal mitochondria and endoplasmic

reticulum , 20 000X

JiEr MC A RFRBTH05 . BRE RS, 15w ARt PR R, B L
RS FURIER A I 5 1008 T I e ) 5 i A K AR i 3 R, S 1P
Bg 7 =g 1 [ X SO G o R N1 AN [N (R Rl sl 7 2 1 [
AR AR s JUE 4540 AR DG 19 1008 A — A N A 2 (ALT ). 4 B 4% 2 il
(AST), FLERIIZNE (LDH) FGIEBEIREE (ALP) TE/KA R AMER , KAE
THRJE TR R 2006),

TE K AR R A I [RIA Fp i i) W R g 458 0 2 3R BN P /N ER )L K2 4
B R SR 5 A Bow man % BN 58, 5 /N A VA A0 22 B it 2s 1 AL
(8 8-19), Rébergh % (1991) H] 150 pg/kg B9 MC-LR T3 5} i 1 fi) 52 56 2% 5
R, B/NBK Bowman BEFEINTE , B /N T A0 H ST 405 P4 R BE K ) Bt 7
i, PRk, Kotak 25 (1996) 43%IH] 400 pg MC-LR/kg F1 1000 ;g MC-LR /kg
VRSP B8 £n S E0T 50 I EAORE L BERL AR A A, Ry
B/INE b AN e A AR /N R BR B SSRGS S g
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B RS A A A R O AR B R AR 2, Bk BT TP AYIRIR  Curic acid
UA) SRAKEREM BT (7 7 B, 02 i T IR E LR N IR
WA I =Yy, S/ NERUE I DN RESZ AT, IRIR 2 B T alep , X /D
By DREZ B e bR . e HEDN R Y MC i BARAA —E /) B
B EEEE /N ERA IR AR FEAT, X 5 B A SUB A B AR — B (R
2006),

B 8-19 MRS I N FRFE RO B AR 2004 45 7 H [(A)~ (COJMIZH LDHF(E) ]
i AER BT} (BIA Li et al. 2007)

(A) 7% B /NVER Bowman 4 JiE A58 (A€ 55 ), 6000X 5 (B) 7 P /NER T Jz 20 i 2 28 3% 4 il £
(k) 10 0005 (C) /m B UL I/MEA M AE IR 2 (5o Mgk (B@ERES), 6000,
(D) 7R B /NER b R AR SRR AL IE . 10 000X 5 (E) 7n IEH 19 B Il /M 4 i, 6000 X
Fig. 8-19  Transmission electron micrograph of kidney of silver carp collected from fish pen
in Meiliang Bay of Taihu Lake during July (A)~ (C) and December (D) and (E), 2004
(Cited from Lietal. 2007)

(A) showing dilation of Bowman’s capsule in the glomeruli (black asterisk), 6000X ; (B) showing in-
osculation of foot processes in epithelial cell of glomeruli (arrows), 10 000 X ; (C) showing increase
(arrows) and proliferation of lysosomes (white asterisk ) in the proximal tubules, 6000X ; (D) showing
normal morphology of foot processes in epithelial cell of glomeruli, 10 000 X ; (E) showing healthy

tubules with normal epithelial cells, 6000 X

Ak, % SRV ST E LR E AL S (CAT) FIE AL
ALl (SOD) K aEft—— e H Ik SHERHEE (GST) H7E KA H] AR 55
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95 0 s ARG s HF PR BEH K (GSH) FesK A 1 18] A B2 il T
W, BRI, S5 AT E IR SR A b . LR R A SC R il
FERE WK R K 5E R, RIBERAT AR 3 MPLEELE , IFaERH
AT A R (FEF] 2006),

T, e SRR R G SR AR DT 5

R FRIRE S A SE L BT MC A RER P, RIOUZR WA AR R
S SRR — W, 20 4D 60 AEAR LK, BT ARG AL B A AR 15 V5 K R R
HEA . ROURBI R & SR OREE R . 70 R —F 2 1984 4F, BAFER
RWATA 2 AR 23 ) 0™ 8 (0 K AR K e DR R AR B Y 7K A8 i e 285 I
SRR Al bS8 I R RS/ (1 R AR SR e /N R B
it LDk 1007370 mg DW /kg , /KAEMMREEH 235 mg DW /kg (fAI5%5E5 , 1990),
TE IR A BRI SIRE A 9500 AUARLR e Bt A TS PERI 2 R P AR
WFFRRI B SRTREER £ AN AL S SR T e e i) SRR, 50 96 h i, 5
PRIZIBCRTE 49. 670 (i) 134600 (B CRECFIRFSCEE 1983), 7ERINAR ML 20
kem” A SRR, S s ) DX £ 288 J R R BB Pt 0 ) Al 2 A R
Jra, SRR T8 28T 1970~ 1984 AF [ ik A3 4=l Y /™ 5 1) 5 98 R 1 /K 4
1985 4F LU i SR L T B . C4ERF T 20 R4F (Xie and Liu 2001, 3

2003), ARA N HE B XA R A 12 K AR

coo ARSI AT,
CH, Gly
TR 1. & HEAARGWAREKEGE
¢—o peptid BHEHAK (glutathione . GSH) JEHAH
HoC—CHSH Oy Py o st AR A S RRH Y =
e T NG P BT e N - T
Dot 8-20) A4 TR 307. 084,
bond SREBIREAE UFEAT, GSH iy
BEMH FRIIE UG , TR I o
. GSH A4 E MR A0S . 505 T
2 G JE) SUU B R A IR R I A Lk
Glutathione(reduced) SUALH GSH, fESIIRN BB T, &
[ 8-20 AP RKAOZEHY JER GSH (548 KR8,
(31 F1 Buchanan et al. 2000) GSH 33 /E BT > — b S i AL I

Fig. 820 The structure of glutathione F. T RS e kS wE Ak, LU A

(Cle from Buchanan et al- 20000 L Py RS (L4725 28 11 O RUBE 443y 3
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FEAGAFY R A iR EAk . ATT4ERE 8 5T A 2 1 O A
IIRe.

GSH Mo —FEpy Ao fe e S5 MR 2= W kA 256 O (I AH RN
AT EE, FTIE LA SRR AR . BV i 40 Joa 2 78 hy o B M i ) o
FIATIRESEEA . b ITAH (E56) ROVAIESM . GOk . ek, Bk,
O. N, SBibestft, DIEHA 2R T, Ba; OlR. EERIE, NdFE, k&
SRR QKA. BRKME. MoK, ALK, IOiE 1 AH RN & SR
SOG4 5 — 2L IR B o I RN A B R, T LK
WIESHER RS, A ORPEH K (GSH) 454 ; OMAEREIRI ; ORMRERIL ;
Dk ; O EAL,

Kondo 55 (1992, 1996) i@ ik J)rik & T MC(MC-RR, MC-LR, MC-
YR) 9 GSH #l Cys Z5677 ), It @A AR AT (HPLC), PRI &
i (Fab-MS) FIZ#EILIR (NMR) ZEXTE5 G WM 4540 T LAERIA 5 @t sh) o
PUFSLEE A TR TEME L MC ORBFEIR (£ 8-1),

%81 MCLRMCYRRKES GSH Cys BEF=HUIx/ME R ENE
Table 8-1 Toxicity of MC-LR and MC-YR and their GSH and Cys conjugates to mice

L Dso /(#g /kg ) MR Potency ratio
LR 38+9 1
LR-GSH 63069 0. 06
LR-Cys 267+88¢ 0. 14
YR 9142 1
YR-GSH 304+52¢ 0. 30
YR-Cys 21746" 0. 42

COPHY L ARIERE (=4 5P L Dso W R T RER MCCP<<0. 01) 3¢ L Dso 35 1o T FER MC(P<<0. 05)
*Values are mean & standard deviation (n=4). "L Dso values are significantly higher than those of parent mi-

croeystins at P<<0.0l.  “LDso values are significantly higher than those of parent microcystins at P<<0. 05
(51 A Kondo et al. 1992) (Cited from Kondo et al. 1992)

TEARANZER . RAVEY) Ceratop hyllum demersum , TCEMESNY) Dreissena
polymorpha, Daphnia magna, 88Xt Danio rerio MEFZEEY) (£17% GST)
HIEEBA MC-LR 5 GSH W& & =W AFTE (Pflugmacher et al. 1998a,
Pflugmacher 2002, 2004), K, GSH A RESEALIK TG bR MC 2 72 19 25 — 25
(Pflugmacher et al. 1998b) (/& 8-21), Chen %% (2006, 2007) #if , 7F KiEH%
BRI A SE, B9 B IE . I EST LC/MS K MC-LR-Cys 454372911
FHTE,
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821 MC-LR AWHAL (H Claudia Wiegand fEH-42{t)
Fig. 8-21 Biotransformation of MC-LR (Provide by Dr. Claudia Wiegand)

5 ST GSH AR & 84000 51,3 g /mg prot Al 51.9 pg/mg prot;
B GSH BYAER & /53008 28.9 pg/mg Ml 27.7 pg/mg prot, fif, ST
GSH & BARS FHF ) GSH 4 hE [(22. 164 1. 60) pig /me prot] (XIE%E
2004) 1y 2.5 f%, TWilE, S0 GSH ST GSH TRk E .,

2. #E . WA E MR MC-LR A8 s R A

Xie & (2004) KBEIRFRAEAKHAR T, BERR F — 5 037 6 1) 7 75 ol
(Microcystis viridis ), Hh MC-RR HI MC-LR & =435k 268~580 pg/g +
BN 1107292 pg/e T3, HEEEUE L 1202~ 4807 pg MC-RR/kg Hl 681~
2726 ug MC-LR/kg (&), 248 80 d (W35 . BEIREAATG. M. AFHEFIN
PR MC-RR U RAES 504 49. 7 g /g DW, 17.8 pg/e DW F11.77 pg/g DW ,
T2 ML AL AE i P oRAG I 3] MC-LR (AELE (O AT rb A — O Bl
. HEARM (8 8-22), DIBgHED , A3 Mifhal GERYPLEI 2 MC-RR F1 MC-
LR 7EBEA NS E 22 R . OTESERHE b, PREEE LS R, AT REAATE
FAMEBRHEAE MC-LR (BLE] s O n] GB A7 7E LA ALK BB M s B 1 MC-
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LR ZEid ke, /A B ETEST MC-RR 19 LD b MC-LR Y829 545 (Gupta et
al. 2003), M, MC-LR BYZEMEZH#E T MC-RR, XFERPESRAY MC-LR AO4FERAC
WHLH , R EERE K R a A A e el A KRR 22—,

Ji i Intestine (Tank A) JB1& Intestine (Tank B)
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z z
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= 40 = 40 Carp feed
S5 _n g
= 0 N =g = A= =" ofs 1 & ) % 0 A = 5 o p L
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80 80
Z 60 Z 60
on
g w0 ER
>~ 20 I 20
Q9 Q
= 0 i A ! o ) = 0
24/Jul.  13/Aug.  2/Sep. 23/Sep. 24/Jul.  13/Aug. 2/Sep.  23/Sep.
H3# Date H 3 Date
JF i Liver (Tank A) JF I Liver (Tank B)
25 25
= 20 < 20
5 2
o 15 15
) £
Z o @ 10
g s 5 s
=
0 - = 0
24/Jul.  13/Aug. 2/Sep. 23/Sep. 24/Jul.  13/Aug. 2/Sep.  23/Sep.
H# Date H3H Date
AL A Muscle (Tank A) AL A Muscle (Tank B) m
20 20 - ]
g —~ 5 “*! #
1.5 1.5 .
5 z
210 & 10
= s
S 05 I 05
S o .
s 9
00 L—A—a A A A = 0.0
24/Jul.  13/Aug.  2/Sep.  23/Sep. 24/Tul.  13/Aug.  2/Sep.  23/Sep.
H#H Date H3H Date

822 fElAE . MR, AFAERNLA T MC-RR GRS M MCLR LEEL) &&
MBI (5IH Xie et al. 2004)
Fig. 8-22  The dynamics of MC-RR (blue solid lines) and MC-LR (red broken lines) con-

tents in the intestinal tract , blood , liver and muscle of silver carp (Cited from Xie et al. 2004 )
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3. ik HERFAE N B AR MC AE x5 D

AR 8 Fh RIS RI , 86 S b MC Ak (137 g /g DW)
L2 (<6.50 g /g DW) E5HH 20 245, MHEAFREAE) MC A 2 R A
(Pl 8-23). FEMESFEY MC ity 1A A b £ 4> Je A b £ 4 PR R ) £ P 1 8
AR, TZER &b 505 S AR O TR PR Bt > J o
026> Py K

104 3@ MC-RR B MC-LR

40 1T 12 _
E 1o}
30
% B& ¥ Gut contents E $ | FEHE Liver
L0 L
2 20 2 6L
~ ~— 4 L ]
Q ]
% 10 = 5 ]
nd ﬂ nd I'E m nd fl b
0_3 L L ||_1|.|1 L ..—ll. - o Wbkl 111 T ST 5 2 T 1 T o T
Hm Pp Co Ca Cc Pf Ce Ci Hm Pp Co Ca Cc Pf Ce Ci
£ 2R Fish species £aF425 Fish species

Kl 8-23 SIS AM KN S FIIFE Y MC & (1A Xie et al. 2005)
Hm =i, Pp=1ffj, Co=KMil¥, Ca=Ml, Co=1Hfl , Pr=¥Hta, Ce=2THEJEMA , Ci=
B, nd Fom JCE
Fig. 8-23 MC content in the gut contents and liver of each fish species from Lake
Chaohu (Cited from Xie et al. 2005)
Hm = Hypophthalmichthys molitrix , Pp= Parabramis pekinensis , Co= Coilia actenes , Ca= Caras-
stus auratus , Ce= Cyprinus carpio, Pf = Pseudobagrus fulvidraco, Ce = Culter erythropterus .

Ci= Culter ilishae formis. nd indicates no data

N, 45 5o

AR R R TG R . DAVRIR L M e Aot 2 — 6 Bk
WSR2 X, B M T SR AT I 2 ] , B At ikt
W, AETERE I, BEE LTI, SRR SRR , (LT
I LD L BERIRT 4, 0, SRR EIE R | H B R I
W ARSI | T A A

2004~2005 4F , 7EAWIMTERISHELT T RIFHE, S ) S K A6 S
RESTIOBRSEEN] , kP RN P 2 2 A BERL 53K 15. 58 g /L, BLR MC
FEBE . WA BT AT — 0 SR L . RO KRR S L R T
BB K L AT, BT A 141 ¢ BIINEY 1759 ¢ AT
12,565, BEIOTHIRTM 264  BNH) 2811 ¢ GRANT 106 4%),
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WK L BUAT , B SR A IR S S A S e ks s KA B
P, ST S B A BT 5 KRR R A P BRARSS A A
W, difasiote, Bk, PoREe kit I AEIER R EAT AR IR, 4a
MEPIRIIAETE (IRBIRTHIG 2, INHHANE 2 54 R 55, (HURLORMR, PNTM 45
HARA VIR A 5 MKELRS, B, SFHSRIE S KRR, &
BRI RES

D fptite SR R K BT ERGR ? A AT RERLE] . DBE, SERN
HARESRANH RS 5, OfE, SFrTREXT BRI MC-LR BA IR IICHRE
J1 5 Ofe, SEFFAEN 2R MC RIXTEA R, B, 742 ) A 2 i K e
77 A] R A E AN (L
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FAE HEEREKENRE

WEHER A KRBT SOK B RIE U2 B R GREZ. JEIR. K 3hJ2#558),
R (NS Py CL BUETTRA) FEYINER (RG-S AR e 4,
B BUEPERD SRR IR, I BOK R R 5 R e T B N T R AR B2 R
HIEHIE MRS AR, BRBA—E M IivE, B TiE2
Wi R SR B 23 S R M S Ui, DRI AR MEME R 0

— . BB Ze S K A A R S

TEKAESRGE T, MREZNAE .. HIEMDREIER— 5w 24
BYMNERG, B (food web), TEMUKIX, FRUFEY) (GUFEIEH) 17
TRV . BRI AR HRERE SRS AN, RIGHIganotE
HHESNY) FIRGOE 5 cantaZe) FrRI, A4S 2% 2 W I v i) — A4S 3R
(E19-1),

P AEIR R 2, BIRR AWM AR, B, 200272003 4F7EXS
Bl A D, 0 T 77 e sh Y O EE IRAE S ) A 191 FhE Y
HA s 64 Ff, DL RSN EE (Microcystis aeruginosa), 7KAEGHE#EE
(M. flos-aquae), BINIHPERE (M. wesenbergii), YRIEMEEE (Anabaena spi-
rodies) F/KAEtEBE (A. flos-aquae), WP MAE -4y & IR Ir A ) S A4
Pre i A5, 500 5 N [A) 25 o AR W i 0 23 ) 40 A WL BT 9-2 (XB3E 5t 2004),
20027~ 20044FFE LI & B 54 R s G RAR 2005), S48 N A K
2%~ 18%0, W5 A5 A EFRYL R 2005), R 8" N FEARSBPIANE R
[6) 3 & 4E 3. 4%, (Minagawa and Wada 1984, Vander Zanden et al. 1999, Post
et al. 2000); ELIAAHI) 8% C AR M8 K —33% 0~ —22%0 , BRAYSE TR 43 2,
1A 6 C FEARSS AN R Z Tl T35 & AUk 0~ 1%,

ALUL R R AE X AN B 2 A S R G BN, 23— R Y AEY R
AEA MR R L3 2 e B 2, R RLRIA R 2, X2 R e 4>
1E TCieAR s s — P a2 K, R TC I R b SR 5 K AR R IS ey
MRARJE A, (A2, fE—2EWn o maE M, YLK, ZRUERM , sk
— BRI, BAE AN BRI LA, TEBCTHAFE A B — AR X
P, BN, FEELW . EEEKAET 20 fE4E 50 AEARRIF IR I, R L 80
ALK, B4R S~ 11 J, Rt Bl A A 0 i K A8, — 4R DU 2R iR e
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Planktivorous

Planktivorous fish .
invertebrate

4 |
KBS EY) /J\&ﬁvb?zm%
Large zooplankton Small zooplankton

BH

Cyanobactena

2 1Jc

ﬁﬂﬁiﬁﬂﬁ% N EEG )
Large phytoplankton Small phytoplankton
B 01 —AELRIBOKIC SR, kLA B P
(B Carpenter and Kitchell 1993)
Fig. 9-1 A simplified , pelagic food web. The thickness of the arrows indi-
cate the strength of interaction (Modified from Carpenter and Kitchell 1993)

B8 9-2), FEKMI, 20 22 i3 ORI i Bk R B R AN 9-3 iz, 60
ERATIEE RN ZRK A . Z G AN & g, 1988 4F 10 H & AT 1000 km” 7K
e, 90 ARAULR . MU IX U LT 2247 B K e JF EL Y BT ] ok e
DBk, i FE R (BRI 1996),
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& Winter N
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B 9-2 LU 200272003 AFANTRIZ 19 i BEA- MR )2 18] 9041 (51 Deng et al. 2007)
Fig. 9-2  Spatial distribution of cyanobacterial biomass in different seasons in 200272003 in
Lake Chaohu, Anhui Province (Cited from Deng et al. 2007)

1950s~1960s

1980

1987

2000

B9-3 20 Ml IR VT IR KSR A (ol v Rk 272 e i s B B 5 10T fF
FEIT AR AR At
Fig. 9-3  Development of cyanobacterial blooms in Lake Taihu , Jiangsu Province, since the 1950s
(Provide by Dr. Bogiang Qin from the Nanjing Institute of Geography & Limnology , CAS)



L KRR KA U 5

PR A K A R AR TP 2 BRI AR R, BB, 78 20°C ARG H AN
ISP, VP2 DRI B AR Ry 0.3~ L 4 %5 /d, sl Al 38 %) 0. 8~
1.9R%E/d, T 54 o s s ) 23k 1.3~ 2. 3 £%/d (Hoogenhout and Amest 1965,
Van Liere and Walsby 1982, Reynolds 1984), [A[1tt, Mur 5 (1999) N, '
18 1) A A R AR T B i B I [) A BE A S KA 33k T FER AR R AT i e A
TEZK i BRI (B 7K AR HE K A, (EUR TR SR A . — v it 7k s v i 4
HAERA L L,

AT E =R G KA B, X RE S A B AR b R L AR
PIREEA DG (AR —T5), $RHEN , FHAERF 0 R A, SRR & 21k
BURIE AL T RES , X ORI A A A B TR IR R T
IR A — , TIE b sk 3R T A TR EE 24 90°C i R 2 DI Fsf 1% 1 YL A 5
TR HR R R TR A R

S 03 P T T — B
BRAGLE AR LR S . SRR R )
IRTRRHL BRI AE 1, DNA MEBFRALR S 03]
GECARGMFREEYE OBy E
WL 1994), AL SRR T Ia R
SR o AR RN DR R A E 02t
FERTIR T VSR . TR B R £
(Brock 1978), — ki, SCHEMN RS &
MOV . RS 1R = |
MBI 25 KW (Yamashita et al. 1969, &
Santarius 1975), K7, HZHEMINERE B oo

N 2 N 3OI40I50I60I70 80
%E\‘ ﬁ ’TE ﬁ% E/‘J %}I\‘ i%'\ /"\HE Iﬁ ’ ﬁn gsé ﬁk 79?#% V5. Temperature/C

PCC7002 (Synchococcus PCC7002 ) 1E . _
& 94 FEM Octopus 5% PR AL 1)
o A \ 5 0 3
O5 CIHRME TOBARGL I LT 5020 R 5 WHEL ey o e 45 o i T P e
E—EIRELE P . RIS PCCTO0Z BUBE sy g e 4+ 16 3K (il Kubl M A

I BE B, DB RGE 1B PR E 1 s Garcia-Pichel F #{1t)
(Nishiyama et al . 1993), Fig 9-4  Rates of gross photosynthesis

TEAB T 50°CHYPIR AR K1Y 328 £ 2 (measured by microelectrode) in a laminated
AW, e R R R L I KOG S VE ] Synechococcus mat from Octopus Spring » in-
HORAR A R 60°C ( 9-4). L cubated at different temperature (Provided

BT BRI G s gy DY b M and GarelPiehel )
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Z, GEEHRAE T B R Y STk RN T R AN W] B B R B V. AN, L R
(M astigocladus laminosus ) RIIRE Y L ARAR AR R BRI GE e —iR , g
IR AN 3 I B, HG v TR I AL T R A U PR T A R R o
ORH 2 HVFARLL 1997, FERUKAR BB IR M RZR B A o6 COBRZEA
ABE), BRI (KE9-5),

i|:
5 um

Bl 95 TAESERIIEHE (51 A Briand et al. 2003)
Fig. 9-5 A Microcystis sp . colony enveloped by mucilage (Cited from Briand et al. 2003)

KA i v o i B 25~35°C (Robarts and Zohary 1987, Yamaguchi
et al. 2000, Nalewajko and Murphy 2001), /& T&bEs fAEEAY , XA
BRI E T EBA RS, SRR LRI B RY, HEE K
A0°C) W, FEBEAAEXPOLH, TSI TR ] 24°C B A S i s
(18 9-6), YR mIRIF AR WEB KRR AR FE b A, T HL IR R e 2
PSRRI 5 HABR R (i N/P L) 28—,
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Kl 9-6  H Superior WIHIHIKTEAR A N /P HCFIN ] AU RE 2500 T B SR i fikolie . S e Al
EREZ e as R (B Tilman et al. 1986)

Fig. 9-6  The outcome of competition between diatoms, green algae and cyanobacteria in

culture from Lake Superior water at different N/P ratios and different temperatures

(Modified from Tilman et al. 1986 )

=, BRI ORI IR

i ,ﬂﬁiﬁfflﬁ"]ﬁ‘ﬁﬁfﬁﬁﬁ&ﬁﬁ?ﬂ@ﬁﬁ‘ﬁﬂﬁﬁﬁ%o HH AR, sk
Fa WREEENFIEOGER, WA, ERESAEHMEAR, MEBEN (phy-
cobiliproteins ) , 145 51| 5 2 (dllophycocydnln) (), HEAEN (phyco-
cyanin) (W8, A BAA BERIEIIE (phycoerythrine) (ZL{%) (Cohen-Bazir
and Bryant 1982), XS ZFEHIZK 500~ 650 nm P IEHE 4%, HAIRE (01,
X SOCARMER HADBESRI N, SRR IR a —iS , {875 L AR SR Ml
POGRE , RETEICASOGHIMEE A4S (Mur et al. 1999),

REJE IR T 7K AR 1 R AL T %) e DG 235 B B AR s A R, AT BB S HERG fin 2
REHRHTHOEANH (photoinhibition) MYZEEHE N E  (carotenoid) £1 K (Paerl et
al. 1983),

WA B Re B . HAG A BE R 4E % %0 (maintenance constant)
E S AR BB R AT S5 RINAE (Gons 1977, Van Liere
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et al. 1979), K, 7E50REMRAIEILT W SRR PR Ho A e 2k ey 10 A 4K 3k
., % Van Liere 5 (1979) i, 4t¥E (—FMHEE Scenedesmus protuberans)
FERDCR M S N AR, s (BTICIFE228 Planktothrix agardhii) 7
OGE AT AR (B 9-T), WA IR — e s 9%, TEOLH
T, TRLAEREEEE ; TERDCR BRI, Ay R in , S2ah
FESEIMAD AR EE R R, T S e i AR R DRI, 20 d DUR T 4G
AL F (B 9-8), BURIEWEM B R A K HR AR Tk, (HIE7ER R IR O6 R
FET, WA KR

0.05 7

> 0
g

< 0.034

z

2

G]
g 0.024
ﬁ — O- - Scenedesmus protuberans

—@— Planktothrix agardhii
0.01
0.0 T

0 1I0 QIO 3IO 4IO SIO 60 70
SER G PR 3R Average irradiance/(W/m?)
97 WEEALREEXEAZES (BB Van Liere 1979)
15 pH8. 0, IR 20°C RIEGOECIMAYZF R . Planktothrix agardhii Fl Scenedesmus
protuberans H)AE K AR - 4 5 2 Y R B
Fig. 9-7  Competition for light between a cyanobacteria and a green alga (Modified
from Van Liere 1979)

Growth rates of Planktothrix agardhii and Scenedesmus protuberans as a function of average

light intensities at pH 8.0, 20°C with continuous illumination

WX PEEE 55 ANEOKIEIA CE¥KE<3 m) B (79 ) BiEAsyE
FYAE X 2 K R EG38%4% (index of under water shade) CEH/KIRSHEEHIGE
WREZP) ZAHE XA TR, BOCIESFBE s, B fe ot
S EVFEBI K AE R SR 562 MAFAE—FPIE 5t (positive feedback) JC 7
(B 9-9),

PR A S RBAH AR R — SRR R i KO B BE ) R AR RO 3% B R i A= KA
B, TR AR A WSS I 1) SR BB RS AR A7 M A K I TR b B e A O T AT
ZRIL 2 sE it HABBESE . 302 MOGRERI ] ERARRE T REA: IKAEIRH 2UE 37
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FRM T YR BERETE & B IR AKIRIE UK e (Mur et al. 1999),

2.0

ORI Light 1 W/ C 7 St Light:24 W/m? 200
1 Fi# £ Dilution rate:0.01/h | J B Dilution rate:0.03/h|

O Scenedesmus protuberans (10°cells/mL)
® Planktothrix agardhii(ug/mL)

O Scenedesmus protuberans (10°cells/mL)
® Planktothrix agardhii(ug/mL)

i 8] Time/d fif 18] Time/d

K9-8 WEEMERBEXDEAYZES (BB Van Liere 1979)
AE RPN ) 2 RV R R 10 25 1F R385 FR 1Y Planktothrix agardhii Fl Scenedesmus
protuberans Z (8] [ 5 v 45 R
Fig. 9-8  Competition for light between a cyanobacteria and a green alga (Modified from
Van Liere 1979)
Outcome of competition between Planktothrix agardhii and Scenedesmus protuberans in

continuous cultures at two different light intensities and dilution rates

erit

MEE Turbidity

T e - — —

N

S TP

P9-9  DNEEFAIULIN 0 BT - 1 500 TR A I Hh o SR TP AR S ) — A =
(51 A Scheffer et al. 1997)
Fig. 9-9  Generalized diagram of the equilibrium states of the algal community of shallow

lakes inferred from the patterns observed in the field (Cited from Scheffer et al. 1997)
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Ia. pH HigHoKEe

King (1970, 1972) #ili T pH SESOKERA SR NOBIL , MEHKER
R TR BB R EE S EOUAL COVRIE , T iE e RE H A
BT AR CO: , WEHEREE—2DF CO2 Bl 2 LRI 2 H B RS i 7
JeAVE I LS A FEEE, Shapiro (1997) K T UESZX — % , fEA1 T 35
Wisconsin M St Croix EAJ— M E EFERIA/NYAIA  (Squaw #W1) B R R X
AT N IR G IFFIHEA CO2 , LIIHBRTER Z=28 % LA KR AR KA, ks
RIRA . RIEA CO ByILEBMAXAE XTI, S48 CO: Fm Ml pH L2 TR K
(F9-10), {H AN 80 X A9 5 e LT [R) Bk ok B0 e Kk, A 3 b 38 ol K A8 3R 22 3
(A phanizomenon flos-aquae) FKAEta RS (A nabaena flos-aquae) (K 9-11),
PRI, B8 S LA UR TR ZRH CORIE , M HAEICER I X B i@ AR
FHSE TR ) CO:

11

JE#B3#A X North basin
B ERWIX. South basin

H4#3Months
1993

& 9-10  {EA CO: %) Squaw BIRFILMAIX pH M50 (5] H Shapiro 1997)
Fig. 9-10  The effects of CO:z injection on the pH of the north and south
basins of Lake Squaw (Cited from Shapiro 1997)

TR R 20 L XS R — BIR ) A 8 S R W 3R 508 FREh Z A R A XU

F% ., AJJH] Michaelis-Menten J5 R4 .
Ve= Vi S/(K:+ S)
AP, VERIRWSERR ;. Ve ORISR ;. S FOREFEMRE ; Ko FRH
HMIAE ST, the half saturation coefficient ) FE7n itk 2] fx KM ICH R — 0] 12
FEERMOUREE . AT TP AR AR B S FREh AR B ) . MR h s IR R
WBEARE), B B KA K R B SE i3 (Reynolds 1984 ), Shapiro
(1997) HRHEESMA =% (gross oxygen production rate) 5 pH M= AENERD]
RERIE T IR RS S CO- 1Y K., H5 — M SCI A T A Tm] B ) )&
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Bl 9-11 B (A) FIdLEHIX. (B) £ PRI AT b i)
ST E 5340 (31 A Shapiro 1997)
Fig. 9-11 Biovolume of algal groups in (A) the south basin and (B) the north

basin as a percentage of the total in each basin (Cited from Shapiro 1997)

R IFIAE IR A R — SIS AT X R A, BRI T — € /) pH B T
AL IR FERE— pH 2544, FLH K DA SF—RBcsmhn Ko, KA
BEWE B LR e e miZs AL , S S U AR (181 9-12), RIS AE Rk 2
CO: I BATEG . COAMEMR B RAF G A/EMVEEE (CO2 compensation and
zero photosynthesis concentrations) AYZE SRR, BEHRAEAN COVRERT A TE
L E, R R,

XEHA 4 AWART IS A R W R, B AR S, KO (R
T 25 5 B i R K EIREAS , VAR Squaw 1 AYZS ROIFA SRR, X
— BRI E LI ZE RBEE] , FEC COMRBEMIARAF T, e — B Lk s L
AT, NI, Shapiro A, #i¥ KR KAYIT SIF A TR CO- 2
w pH Z&1F, )2, —HEEEITIR S IH, BT LhE b COo- ik BRI AE
H SF AR AT, 7 Shapiro (1997) HISEEGH, PR X
CO: BRI 1 S B — 2 i, B A e 2 T e R 2= S e T
RERFFEARMIEE . KRR GBFEERMESRE AN, P) WFEEHR COo i
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B9-12 RIdpile (A) FHEIREIX (B) A Ko FIEHE 5 iF W A4 A A ) ek Y
Gk B3lA Shapiro 1997)
Fig. 9-12 K. and % cyanophyte biovolume in the phytoplankton of (A) the south

basin and (B) the north basin (Cited from Shapiro 1997)

X RBE R E S,

TR 87 C 1 5 HaRIBE MR C R &), MAEEh I FIH Y DIC
ERSTRIEAEY A K EZ T, PRI T AR C, Ik SBHEE S
FEYIT C RS, TAE DIC R C MRS s (R, PRI R 5 1 7 oK B
e EL AT R Al Az B BRI, e XS R 2R LA TIX 43, R AT |
FHER . PRUHTE & B SR K B K AR A IBIR] . WA= 3, IRV ]S , I
TR 8" ¢ Al BEXE fin (Zohary et al. 1994, Gu et al. 1996, 2006, Lehman et
al. 2004a, b, Xu et al. 2005), AP, FREEPIEMEE CO- MR B FBAR T 75 17 Ui
FEYHEE HCOs , HJSTEANIE N Ok BR BT (carbonic anhydrase) AL T 7K it
HCO: (FRABRMEZEHLE] , AR CCM ), X WA FE"” C iEHE (Takahashi et
al. 1990, Fogel et al. 1992, Raven 2003),

Xu & (2007) T 2003 /2004 4EH ZEAH5E T IKIE 10 MEAERUKE (FEH
TUHESE Microcystis FIFAJEEE A nabaena 4180 WA (9 AN FRILH RE, 14>
BT HmEE) MRZKESC (7 Can) HIEFRE (070.5 m) WIKBURE
T (seston) (8" Coan ) W17 CHAIEER . KIL S” Con U 8" Coonon T 1 24
5 (0.778.8)%0 (K 9-13), FHOXFhZEFAYATREHLHIATT (Xu et al. 2007).
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Pl 9-13  EFRJ2 ORI Y AR 2K 1Y 87 C Z I E R, 8 Cun 1 87 Cuvston
ZIMA LR (7=0.6, P=0.07, n=10) (A Xu et al. 2007)
Fig. 9-13  Relationship between 8" C values of subsurface seston and surface
bloom scum. 8" Cium was weakly correlated with 8" Ccsron (1=0. 6, P=0.07, n=10)
(Cited from Xu et al. 2007)

1) RIZIRAEMIFIAE Y L3R 2 T i T A ) ] BB 52 B A BIR 1 B ™ 0, X
FERTRESS I EAT I CO: AR s E 7E A ERIT a3 ceM

2) REKAE )RR AT 0 R AR T AT RETE /K A i E A T
S HH CO:2 (Paerl 1979, Paerl and Ustach 1982, Gu and Alexander 1996 );
TR ZEE (0. 7%0~8. 8060) TR 1 2RJZ/KALHE el i (12 < CO2
FRIHEA 3k AT REAH T WA /K SR IS B AU ] (Gu and Alexander 1996),

3) 8" Cooun 5 8" Cocern MMM pH Z R A 7E A OCHE (&1 9-14), 1
8" Caomn B 8" Coown 5 pH ZINI TR E 2T, AHMINN . BEH pH TS M
SEHEIGBRIERR BN, 7532 00 SRR AT RE R A T & & C i DIC,
MTTFEC C 26T 2R )2 WK RS Y P iy AR, SO G SR b T 2K e
W2 WK R I P 2 6] 87 C 25,

4) FEWKIREE RS 87 C 5KIR TP o TN Z A7 WE MIEAE . )
e 1 HMIEE SRR AR X BEIIA A S RGP RIS . RIBEAE B SRR A1
I, FIGAEFEIREN, X SO pH TR M COYREE TR, X iE— 2D IR )
XoF [ 2R 0 2 5 1k P AR I 3 4 €, RIS UE X HCOs iRl fk, X FEdLf C
TheE .

TR, RZWROKAE ST C M THE . R EMNSH KR T4
SHH CO: , sEWAEREAN HCOs |, BNEAE N KIAR pHAK CO: IBE
XAV A i T T T R S22 /K AR e 3 4 0T 1) — T el g A P A 2L

—EEERAE IR ME (pH 10~ 11) Z50F T WREA A7 R 4F, B AU (Y WE B 1
(alkaliphilic) AFFAEY) 8 T W 3 . M EHFEHAZEHE, W4kHE (Chlorophyta),
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12 - 4 ¥ ( Heterokontophyta ) #1 H
(Pyrrophyta ) (Gimmler and Degenhardt
° o 2001), B, TEGH (soda lake) fY3E
o YUK B (R AT R 1, KRS T
°: CHTUMEEE , T E B e, fe il
K PRI 108 B A R — A R Bl T R e v
®o . (Spirulina platensis) BT 540 (Ciferri and
0 , , _®  Tiboni 1985), B B HA W K904
70 73 il?l 85 00 sk (Talling et al. 1973, Wood and
B 14 65 Con 5 6 G MM oH Talling 1988 , Grant et al. 1990), &1k 10
S Rk A ¥ 0.6 5O/ (¢ ) FUEER (IR
ot W B 518 20 240 I 7
£ Xu et al. 2007) (Gimmler and Degenhardt 2001 ), TE R
Fig. 914 Relationship between the values of 7K CREBZ BB ) v, CO- i 2> ifi
8" Cooun 8" Cuson and pH (The linear equa- HCOs ZEME—RIFI Y DIC, 1 pH Al
tion Y=59.6—6.7 X, r=—0.88, P< fthERIFRMT , W el AA 5
0.01, n=10) (Cited from Xu et al. 2007) HLF, X AJ B8 5 W ¥ GE T A AL H 5%
HCO:; A % (Richmond et al. 1982, Von-
shak et al. 1983, Caraco and Miller 1998 , Gimmler and Degenhardt 2001 ),

B2 DR AL RETE SR IR VE AU PR A A, — AR W A i A 2
L BERR SR B TRPEROREE (0H < 4.8) s, BLILIA pH 4. 8 I
FATAIIME (Gimmler 2001), (HIEATIRIESG H . 15 A W BEA S 1T LA Hh A I
WA (pH 4.1~5) h, HZFEE pH B9 FREEM G EH (Almer et al. 1974,
Kwiatkowski and Rolff 1976), TEFEEIRTEMINT (pH 2. 9) TP 2R B
MAFTE (Steinberg et al. 1998), F5L I, WEIRPE (acidophilic) FITRPE (aci-
dotolerant) FYHEIHJE TELFGIEBAEN 6 AFIMZERE (Gimmler 2001), I,

B RSN B T BB —Fh 2 RAZTR (polyphylogenetic origin) B4,

3"Ceum—8"Cesion/%0

[958}

1
[ ]
’

T, B CR Sk

PR (SR RY) MREICREZEC, H, 0, N, S, P, K,
Na, Ca, Mgl Cl, BFREICER HICKTEAELBII=0. 106 , M2
KRR ITZE , W Fe., Mn. Cu. Zn., B, Si, Mo. V Hl Co %, Mg cE
A G R FL B — /N T 0. 196 (Reynolds 1984), FERKEICHEH, N fil P
AR RE I A YT AR R RE R A= P AR P KO, (H— S T R A M ARG
ATRERCH BRI (CANfE—2EIE X)) (Laws  2000),
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IRV AL N 3 B F (enzyme cofactor), FERlJE7E S5GEER.
HLFAEid . REREHRS . A CRenl RS ZD WAL, LARAERE R A
AHOCHTREET (Paerl et al. 2001), BFan, PR EE W AW ¥ Iiez — 2R H
Fe DN Fe (1) Z 8] (Y 5 A2 5678 58 4 A W) 73 1 (6] i o TAE 84K, OR[N Fe
(D) 5FeIDZ AR EFALIEAIRE ACHRUN, Fe' /Fe' HLFXFAUBRIEL J5
MU B SO TR A P A R 2 ] (B Fe” A1 Fe' ™ 4B AT LAZEI
HREAFTE) , WAMEYIIRN R 15 )2 B 4R . R34 2002),

KIHLOK . S A R I i A TR . EEORP A Ay
PEZMETR . KEZMEREY) (hydrous ferric oxide) MK MME (10 ~10 "
mol /L) fEEE PRI R BRAEFEIEFARM pH 5T ) (Reynolds
1984), HFRK A TR T . KR Fe UAMER =MEk (Fe' ) B
A PER ALY . S AR IR IR X TURTEDTRR I ; FEIR% (anox-
i) &M, ATEEAEZ S HAE R (Fe' ) MUTE PRk . Mt
SRR DA R A R BESE I 0 AT R 5 H T K AR AT BE AR HE IR 2K I IR A
BT, DRI K A 0 5 i SCRT RE S I M s k) 2 1T B B i Fe' BE4h 5 JE Rk
AR R AR ) AT IR IE SO (positive feedback ) PJL#e, B EATIA BRI & 77
HPTTEAT BRI RZ KR AR IRZ K Z AR 3) (Paerl et al. 2001),

TE A SRR, Fe BYRT A FIPERT GE3Z B 2 Rl R (5200, QBRI TR A FIvk
FE. AYY) A GRS S BRI G YRRE S Fe) ME T, DG, HAb
BROFAAE (MTRES ST A ICEESIES T) (Sunda 2001), SRERAT I G ™
AR BERE MBS S . PR ENGER  (hydroxamic acid) FUERZERAR (sid-
erophore, M ETHEE “BR#E "), AILITEMR Fe MMREEHRE T ILEE Fe, 3XH]
REMHT R L AR (B RS, FeRIETE Fe L BRI K Ay 17
ST (Neilands 1967, Murphy et al. 1976), FriEZka A M &40 F Bk . %t
Fe(ID) A L—2E1EM . UEY IR LA $R5E rh I R 1 X 22 52 A L)
HRFR, BT 43 =28, EGHREEAY (hydroxamate type), ZP7K ;A
(catechol type) FIFFIE-ANGHREEA] (citrate-hydroxamate type) (/s 2005),
Horp A i FRER AU ANAI IR — B 4 ik 25463 =0 an il 9-15 Ffios

® (B)
0
Fe%
0
R

P 9-15  PIRPERER IR AL . G RRER I (AR A (B) (5] A Mg 2005)
Fig. 9-15  General structures of two siderophores . the hydroxamate type

(A) and catechol type (B) (Cited from Yang 2005)
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Matz 5§ (2004) FSCE 7 VAR T 4 BRI S5 A4 £ 388 53 Db 1 Ak 2 AR X A
BERIHEIVER . ORI K e % (Anabaena flos-aquae) FI'H [CACHE
(Chlamydomonas reinhardtii) FIEFR K B0 PR e R KA A A K, H2TE
AT FIMEEL (excess exogenous iron) FFTEMIFRAE T HLANLE ; O X FEk R
P g A AT P R SRR SR AR, A RER BRI RIRLN, 5 OBk IR il A e e £k
FERHE . BERRGIAME PR R AR R P A K R A, R, AR
SN T EIEFEA MRS G s @ HTE MR (activated charcoal ) &b FRAKFR
O REIEIRS . SRR TGN RIVER . B Y AR L TERR T
KRS . PR AL BEER 2 MBS IR PR AR B s OFF o alifb i £ i
BREE A PIRTACEE I AR A AT I A 5 ©ZRFR il £ I 155 2w i 4 FH e iE ik
HAfoE  GRADEEFED PS8 —a i . EaIegnJc/EN . |
I R BRI £ JU i 55 TR VRO AE P A AT RSt B R AR, X 5 DAY
) S 56 PN Ry S R S A T o A A 3 5 AT BRI R s A [

IRIK R GE ki BE L rh e s — N 9, OB IRT oK b R A vk B
0.716 pmol/dm’ , TMiiE/KH XA 0.001 pmol/dm’ (Bruland 1983, Martin and
Whitfield 1983), M THIEWEHH Z I LR MRERITER . Mg PR 2CrER
%, — O M TE RE i R G, e 0 B2 AE A XA REZE (Laws
2000), Paerl 55 (2001) tAHy, TEIRAKIAE T, Fe BRHI—MA I N, P FRFIR
PR, PRI, 7RO WK AR 1Y 20 A SR 5 TEAR AT BB (Ao T8 2 Y #f £6

W E R R HTARC, AR , oG EAERTFE
Rt B4t FE. BN BURIEH s (U2, XA SRRTRIAE DRI RESEA TR TS N oo R
MR, TERZERK RS, M oR i R AEKT R Bk, Mo R
A W B A A K AR 1) )32 59 BB P AR AT RE . HEATATRE S FE 200
£ (N, P) —R7EE BN S . IR TR B AIEH (Paerl et
al. 2001),

NL R WS IEROKSE

MEB RGN MERE, BEFRMEMUT ML IR (fertilization
process) , HIRNETIXT— A ER RGN LE ™ TR b7 AR BN AT . (HO2 e
W2 FH WKL, B, 75 N, PEE AR g R
PICHEHESN Y, BESFAA AR, AR S R A PR )2 i
BOKAE , SR OB ) SEATRERR R, X aiie— R K BRI RR R (A 5Bk
PAEE, BRAESE) SEJE (Paerl et al. 2001), (HASTFEEMIE, TE RS KA
FKbr TR TR ERS , TSR T EAZ Y aREE . B, FRa 4 i
L REROKE BFRK IR B SOk BT, LIRS RO W, HAEERK,
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KRS EFA RIS R B SR A E RN, B0, WK Bk SR a 2
[BIFFAEAR G IEAH G R (K] 9-16),

100

y=0.28x"
r=0.88 SE=0.251 ’
n=77 7o

T T TTT1T

b

T TrTTTg

T
N\,

h\

NTTTIT

7 /7 2 } MB35 22 (& Excluded from regression

IR E M 443 a Mean annual euphotic Chl a/(ug/L)
\

o1lr_ v vl Lol 1 Lo
1 10 100 1000
5P BBERIZ Annual mean concentration of TP /(ug/L)
K 9-16  iHI/K AR TP R EERIAEF 4R a WREEZRIOC R . T B &
i TR L I A T IR ] B2 AR R E T JE ML R
Z i <<10) (51 H OECD 1982)

Fig. 9-16  Relationship between annual mean concentration of TP and mean annual

euphotic Chl a in lake water. Values were selected after screening for validity and
with yearly average inorganic N /orthophosphate-P ratios << 10 (by weight) excluded
(nitrogen limitation could be assumed) (Cited from OECD 1982)

KA LT N P OB 2R I PR M A Ry R e AR R BG n) E R A
Hékanson%§ (2007) i /it 5451 86 AS/KAR (UF&HEKFIIRK) TN, TP
HAEREHEREEY S (ME) ZEWEIESCR I, I FAK)Z 0 TP
TN XJ % e A Pyt ) S 224 (18] 9-17 FTET 9-18),

WEHET N Ik P RSERT . BRI SOK AR W R BRI A, )
MNATA R 5 e 77 L RN = Bk BT (USSR TR IR . W5 e K ATV A 1 v
VﬁEﬂfEEI/Jfﬁ/RTL ERA, SEIBHREWY] . P2 EEXT N 3 P AR T
ZHAMCEAY) . XEWELE N 5 P IREAERT . EATRETE 4 HAb#EE
(Mur et al. 1999)

WA S R = AR AR RRIR L, D, RO ME— BRI R P
Mo PRI T A R R ESSE . BIAT AL TR RRGI PR 5500 5 tehh . e
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v=5.85 x—4.01; r*=0.76; n=86;[if CB>0]

° o o WA Lake

8 06 " * ¥§¥ Marine

0 T T T T T
1 25 3 35

Fo-17 AR (CB)  GRE#pl CB™” . CB YL mg ww /L) F
log (TP) (TP WAL pg/L) ZIEIMEIHOCER , Kl hy 86 D RGE HAKE
WP, H CBEAT 0 (51 Hakanson et al. 2007)

Fig. 9-17  The regression between cyanobacterial biomass (CB) (transformed
into CB”® ; CB in mg ww /L) and log (TP) (TP in pg/L) using median values
for the growing season from 86 systems with CB-values higher than zero (Cited
from Hékanson et al. 2007)
¥=9.06 x-21.6; 1”=0.63; n=86;[if CB>0]

CBU 25

+ ¥§¥¥ Marine

22 24 26 28 30 32 34 36 38 40
log(TN)

Bl 9-18 WEMEEME (CB) el CB™™ . CB WYSAAL mg ww /L) Fl
log (TN) (TN BIFRLL pg /L) Z I ZR . Bl 86 R A K5
b, B CBMEAT 0 (31 H Hékanson et al. 2007)

Fig. 9-18  The regression between cyanobacterial biomass (CB) (iransformed
into CB*® ; CB in mg ww /L) and log (TN) (TN in g /L) using median values
for the growing season from 86 systems with CB-values higher than zero (Cited
from Hékanson et al. 2007)
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e EERE P [(F12IH %Y (uxury consumption) | HAEFAFEAN M 5 2: PR
TSR T AR EFEIT GEE 9% SR 2~ 4 WAL 52, B A~32 5=
AOBGIN ), XA PR, (R A SR Eh B = B AR n BRI T AR REAR 4 Ml
W (Fogg 1969, Reynolds and Walsby 1975, Paerl 1988, Paerl and Tucker
1995),

WM EGE AR N/P IR TR, EA THRAERKMNEE N/P I U5
T TEEZEEI R 16723, TEIEHUKAER SN 10~16 (Schreurs 1992), iX
R, BARM N /P HORA R Tl sk Aeny &R, $88 N/P IR AR T B ek
Mk, A F LB B R i L35, (R T Smith (1983) #2iHH1Y
TN/TP=29 (Ghit) MIEIHE.,

£ WS MR Z A IO R

— S B K 2 B W B (A0 Microcystis, Anabaena, Planktothrix
Anabaenopsis) A BMEBEEER (PR 7 k) (Carmichael 1992, Skulberg et
al. 1993, Svrcek and Smith 2004), FIREMTEHAMG] EATHITESE CHARIFHEAL
YiFK A SR AR (2R, IR, iR S KAE R Y. Mk
AYAH G AR WL AR LR N B 4T, AP TEAHAE A SR 4L

IR SN S

W B ik A A A AR S AR T (Keating 1978) , R W B (1) MC-LR 22 5%
PIHI P 3 (Nostoc muscorum Fl Anabaena) AR FYEHAER  (Singh et
al. 2001), FEWIEEM MC-RR C>100 pg /L) i 3 3 —Fl /N 05— 4 K
Pk ( Synechococcus elongatus ) AR, BEMGITSE a MEEEA
(phycocyanin) AL, 96 h GRS 11 (F /R BESAE0R (photochemi-
cal efficiency ) WETFME (Huetal 2004), R, roigEnl gt i s
T A B A T e, (R W Rk EE R MC (100 pg /L) fE AR
IR LAY, AN HRVARE 25 0 MC Ve B Ab PR A5 23 0 77 28 35 3% | &7 A

S,
2. Wk 5 F oA

KT R E TR IE 8% (herbivorous zooplankton) Z[HJJAHE R E
ARERMIIFERIE (Landsberg 2002) , 1M 3¢ T3 i sl 4 02 75 REF2 il FE BOOK AR Y
LR AR B

RESLRAT TR, A8 CF MC) MEEESFERIF YL (N
Lampert 1981a, 1981b, Fulton and Paerl 1987, Reinikainen et al. 1994, Chen
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and Xie 2003, 2004, Geng et al. 2006, Liu et al. 2005, 2006 ), B2, nTeths
FIE AT FEAR MC XA A 285 E1EM  (Reinikainen et al. 1994, Chen and
Xie 2003, Liu et al. 2005); I#tAh, fESLI I T RERREIG . IF i sh ¥y al Xf
MC P=AFiE (Gustafsson and Hansson 2004, Guo and Xie 2006), {HJZ&, fE [
SRIRAFTT o ICARMEPPAL MC Sk £ Y000 i i sh ) 1A 552 0, PR sl Pt MC-
LR W3 i B2 PEARAR, 240, ke 2k Diaptomus birgei (48 h LCso, 0.457
1.0 pg/mL), Daphnia hyalina (48 h LCs , 11.6 ‘ug/mL), D. pulex (48 h LCso
9.6 pg/mL) Al D. pulex (48 h LCso , 21. 4 pg/mL) (DeMott et al. 1991), [fifE
F AR K ARk A, MC AR BEARMEIR B RE S /KT . R, 7E A SRR A
TFHRE M C Ol AR S BRI S AL T AT REMEAN R

ATV PRSI REREH S . TEERAI— N E R e, B
T IR TR BRI . B (S BET SORER 1Y Dap hnia FIVEERY K JRETT H 2L
HH Y R F%  (de Bernardi and Giussani, 1978), TEEIFESCE T, 5 BS54/
¥ (Daphnia+ Ceriodaphnia) 7 7EFH A A2 & R (Lynch and Shapiro
1981, de Bernardi et al. 1982),

MEUZRIEIZE 1980~1983 4F 0], H Y pELRiE (Daphnia carinata) [EEE]
IKAE W B (e Microcystis + R Anabaena + i Oscillatoria) IL7F,
{ERRERS A HKAE GEFE K 1990, Xie and Liu 2001), ANAJEAY22R 050 5
Daphnia;iﬁ (Lynch 1980, Gliwicz 1990),

KT R, BOmZEToE i OB B R e . B raRIE &Y
ORI N L BRBEAS A AR RN AR 4L . 59K 2. 573 mm [ Daphniamag-
na MATEAINF O AT BT 80 pom K/NEYRUKLY) . H A AN A AL A 28 i BE U
) OB /Y B RAEAS T 45 pm (Burn 1968, Geller and Miiller 1981)
(B 9-19), A LEKAETER CNTEERE) GEIE B HIR AT ULk 28 2 K i BER
(B 9-20), RERWDFFERW, KRBEVEBEREAXS Daphnia K ULH H 2 AT
(Arnold 1971, Schindler 1971) B KA BEREA AL HEFK T Daphnia
AR (Gliwiez 1990, Gliwicz and Lampert 1990), 18 /Kt HE W5 3] — 28 5
;Y A FRRERAMIE (8 9-21),

WK H W PR KRR A28 Daphnia SR FRE, W/NEIK MA2E, %
HURIAS B AIAXT ) EFF (Lynch 1980, Ganf 1983, Gliwicz 1990), HARIX UL
WAL T RIFIAE Y IS SN (DeMott et al. 2001), {HiE, fiT
IS SE B, INEIBIfIZE (Ceriodaphnia) RIS (Daphnia) ¥
WP ROPUER SR, X REREVF 2 W BRI, BEER/KEM T
PR RIS S DL 3Bl /N B A 2 BT U 25U 2 —  (Guo and
Xie 2006 ),
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G| ezt /]

Bacteria Phytoplankton Bk
0.1 02 0.5 1 2 5 10 [um] 50
T T TTTT T T L T T T

Diaphanosoma brachyurum

———— N —— Chydorus sphaericus

 ————— Ceriodaphnia quadr angula

—e——— Daphnia cucullata
! ! Daphnia magna

S Daphnia galeata
. — Daphnia pulicaria
T —————— Daphnia hyalina
— e — Bosmina coregoni
|
|_ §=7--= Holopedium gibberum
—— - 7--- Sida crystallina
‘ ‘ Filter feeding Copepoda pec

01 02 I I0.5I ”'] 2 5 10 50

K9-19 11 R SRS T WA/ N R TR . AR R SRR o . 1E
B P IR B R T BE T Rl R A 3R . b pB I S LR m iy 5 k51 (3

H Geller and Miiller 1981),

Fig. 9-19  The food niches of adult animals in eleven cladoceran species as related to food
size ; the ranges of high filtering efficiency are indicated by thick bars, the transitional ranges
of probably decreasing filtering efficiency at both ends of the species’ food size spectra are
shown by thin bars. The species are arranged in a series of increasing filter mesh-sizes (Cited

from Geller and Miiller 1981 )

Gliwicz (1990) AN, WERKIIE) Daphnia 75255 BI0) 06 % FEAR & 0815
ANZ BRI ISR, S v RETE W BER BIRE I Dap hnia BIG AR E 2
FIAP R E SRR R ST, BB WM R K IEEX — R AR
L

TEVRIAAEYI T, TR AR A R e . P2 HAL RS g, £
BAE) WADE R B AR 220K, B, & Ta I LB #E (Volvox au-
reus) AR RN (49 pm), (HATLUIE AL 5007~4000 AHMIAREIR , BEA
HAER]IA 1507800 pm (E19-22); HABH #E cnv. africanus, V. globator
V. tertius) FRAEIEBGAECA HOK AURFIAR , HR X S P 358 WL T A HLBT = & 170
KR AR/ NKE) . WAER R EEIE (IS MBLELL 2006), —LLH
BRI, WA (Ceratium hirundinella) FIANAEE 90~450 pm (&
9-22), WK, XUCERWMAT RERIRIF AN Y AR . B, AR KN IFAS
SEAATIRIEREY) IR i — PR R



Kl 9-20 BB — D REEEERHAR — 3 (—AMMEAR 475 pm) (GIH Algae
& Cyanobacteria, http: //www . botany . hawaii. edu/faculty /webb)

Fig. 9-20 A part of a Microcystis colony under microscope (the diameter of a cell is 475 pm)

(Cited from Algae & Cyanobacteria, http: //www . botany . hawaii. edu/faculty /webh)

B 9-21  AER PRGN Neuse W[5 E/K LT BLHIN] , 75— ERHAN |
ARSI IEAE S A M (B1R 1 Hans Paerl TL42016)
Fig- 9-21 A micrograph showing protozoa consuming individual cells of Microcystis inside a

colony during a bloom on the Neuse River, North Carolina (Photo by Dr. Hans Paerl)
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Kl 9-22 RATHTEEREAR (A) R B) G ABISEFIZLELL 2006 )
Fig. 9-22 The green alga Volvox aureus (A) and the dinoflagellate Ceratium
hirundinella (B) (Cited from Hu and Wei 2006)

I\, % 5o

WEBOKAR I S A 2 T3 2 A B e K AR AL 7 PR B R sh AR ) = [R) A B
YERIMEE IR, 1240 IR ok THERA R T . AR A= A AR AT Re fi g e re
EY-EiNIES 5 1w S =N

1) Bl AR EE R . o3 1 B 0 SR il i B AR A 25°C , & TR e RN Rk
B, XA RIS WK AT N HAT S

2) MOCRIHRCRE R . B R R S i RO R BCR M A
FRAKARTEDRE 2 (17 0 A b 358 2 T 58 )3 1

3) WEBAENE SRR B 2 AR AR AR L . B N B P SRR
AEME A, FaEdbER N/P AR T B,

4) Ik COMREERTEA J75m 1 B R 3G 1 3 2l T A TR CO2 B35 &
pH &M, (02, —BERIFG L, e ThEamb co. Mk EE A &
FIFHRACE RS IR BT L

5) HAFS RS, e ithas i, sElR N,

6) AR R, KR RGR S A MC, AT BEVETE M 0 i e
H PR Y AR A S St ) Al (a2, IR,

7y WEEENREARD, SHAMBEEAML, TR AR ISR DR S R
A, R U AE S TR L PR I R R A R R IR, A R A
Daphnia TEZ= 1T W IR % BEAR = . JFRETE HE SR 252 Dap hnia 1Y I FH R EE
CRERR KRR L) Z A il 5 B /K e R RE R s i), IR sh ) A Al
REAHI 5 SRR & A
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Zi ERTR AT DA R - R M DI v, K R B T RE AR AL
ﬁn_F :

* N, P HREHASFEURMESRRIRERIEI CERFTEKE N /P H— B
%), FAREAIESEE , Rl R AR I3 BB TR, — B
WHEH AN Daphnia) FTREFEHINEE , (EoPREIE N,

s BEEEZRERR . s TROG RS . PR A Rl .

* BEE R B EREET, RO IGRE RIEMSRIZ KR, Ot
RS TR DA A FOEA SR E N T RA Se

o [, BEE R EOC A E IR R BT, KK pH BT, CO2 ¥R RIE T
R BEBES CO- MR- &L KAEENTHA TR Ui, WA R n]
R ELHAFHZS S 1y CO- (LT B g,

* pH MM % Fe-P IUTLRY (TP BRE, Fe/P HLHOK) IR P
(FIREILAT Fe' ), MIMTFEBUKI N /P HERIBEAL GXR g R IA R 2 KA R A
(e BEHLA] , SRR UK A IS TR ST A B P (RTREEA Fe' ) i
AT AP, NI, IR BUK A B R AT XA A P (AT REIS A
Fe'' ) HIERRILH.

FEE, BIRFMREEAT— A RIRRAT LIRS B, RN, TR g i
X, A AR AR BESORAE A KRR 5 N, P E SRR IR A
—RERUA A EEROK AT, IR, S LR TR Gk R T R AR R A i, H
e, fE—SR IR, — BEROKAE R R A, FER A () s ] — EL RS2 Xt
PEH, IXRMIARAEFR B T OCHER P4 ] 1, WA T RETE— e R b Xof i K
HE R A AT
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