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Meiliang Bay of Lake Taihu jib

B 1 MRSk AL (Bt K 0 555 )
Fig.1 Impressive cyanobacteria blooms
( Lakes Dianchi, Taihu and Chaohu)

T, BOA HEIRE R AT B A Bl ™ 0 L B0R
ST AT REVE I Tl . Bk M BE o R, X
T 220 A B P8 RO JOE A5 1 5% ) R AS TT /N A
(Qiu et al,2009; Liu et al ,2010;Li et al, 2012 ;Zhao
et al,2012; Chen et al, 2015)

B2 FRE#F0ER PR W S ARk I8 A0 BE R Ak 4k
Fig.2 Cyanobacterial blooms in some areas of

Lakes Dongting and Poyang

3 ZEEHBEREKENETES KELZERHNE, 2013 FEF KEREMESTIE 80%0#HE,
LTAIRKRE , N —RARERBKEDNEE ( THREANER ) FRERNE TRERSSR

Fig.3 Trends of cyanobacterial blooms in Lake Erhai, with an increase of occurrence frequency. In the summer of 2013,

the blooms covered nearly 80 % of the surface area of the lake. Surprisingly, microcystins were detected from

a dead wild bird floating in the scums nearshore ( picture in the lower right corner)
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b B Sk 2 Neus e T 15 58 - BB A
| Mierocystis-Oscittatoria bloom in the |
| Neuse River, Noth Carolina |

U BRI UL A
Anabaena-Cylindrospermopsis bloom in
tralia

i 22—z ] o X Bk 4
Microcystis aeruginosa bloom in a canal in
the Netherlands

Sep. 29, 2009 from Alos Oct. 10, 2013 from Landsat § Oct. 11, 2013 from HI1A/B

4 2013 FREFERBHBHERKE
B D EERE (B ENSE T MFCIERIRRE)
Fig.4 Satellite imagery of cyanobacterial blooms in
Lake Erhai, Yunnan, in 2013 ( provided by
Drs. Gongliang Yu and Renhui Li)
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Tab.1 Cyanotoxin name and producer organisms

R P ORI E

Toxic or irritant effect

Fig.5 Worldwide occurrence of dense cyanobacterial
blooms ( cited from Paerl et al, 2001 )

PR
Producer of cyanobacteria genera

HRIN

Toxic group

INAK Cyclic peptides

1R Anabaena , I PB3: Anabaenopsis, [RERME Aphanocapsa ,

=
3% 7 2 Microcystins Lk ﬁ [ii A AR5 BE Hapalosiphon , TEEEE Microcystis, &Yk Nostoc
Hepatotoxic . i K
Wit Oscillatoria
A5 Bk 2 Nodularins T Hepatotoxic TTER S ( EEALERIR K ) Nodularin (mainly brackish water)
£ ¥ Alkaloids
TR AE Y
Neurotoxic alkaloids
2475 % -a Anatoxin-a P2 Neurotoxic 11 % Anabaena, H24 ¥ Aphanizomenon , Wi Oscillatoria

1 L3 Anabaena , BiEE Oscillatoria
11 JIE % Anabaena, 223 Aphanizomenon, 4 i3 Clindro-
spermopsis , #2723 Lyngbya

U7 % -a(s) Anatoxin-a(s) 2744 Neurotoxic
£ G FE 2 Saxitoxins

NIRRT

Cytotoxic alkaloids

27514 Neurotoxic

YL Cytotoxic, HF#EHE hep-

T R RS e . 111 JJE %% Anabaena, 423 Aphanizomenon, 41 i Clindro-
. . atotoxic, TEF z ") ‘fi neurototoxic, . .
Cylindrospermopsin BT genotoxic spermopsis , Umezakia

Dermatotoxic alkaloids

W2 Aplysiatoxin

Marine cyanobacteria

Bz R Dermatotoxic

2238 Lyngbya , S35 Schizothrix , BiEE Oscillatoria

Hz % 4 Dermatotoxic

A
izl AU T % oral and 2238 Lyngbya
Lyngbyatoxin-a . A .
gastrointestinal inflammation
FAT A ] 5 7 LU AT B
& 47 4y 2 =
e RS Potentially irritates any exposed fFA All

Lipopolysaccharides ( LPS) “
issue

5| B Svrcek and Smith ,2004
Cited from Svrcek and Smith ,2004

T 7 R A2 Pk i+ o AR R, RE TR 5 i
(3% 300°C) , MRPR AR , P I , 960 2% 0 732 4 % R i
f(Zhang et al, 2010) . EXHLTEER, 1E A A /K o ulit
AR ity 3 2R R Sl o oK sl B fa
TH B IR , I A 1 M B B R A R A A ALY

fd B XU ( Xie et al, 2005; if°F,2006; Chen et al,
2009 ; Zhang et al, 2009) ,
FREEMEEEARZ , BATAE BB T 2 (
7)o AR BYHERKAETT i 1 BB YL TP L L,
CRIIE S KA 60% ~T70% &4 P EERIR R
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|
7°\
HN NH,
Arg

E6 ERM—MMFEESE MC-LR HLFEH
Fig. 6 Chemical structure of MC-LR,

a common microcystin

TER— AR K AL T 7 A JUR IR B S B R, A I
FEEATIR 20 Z2 b, — Mg KR R BRI BGR T
FEARANM AR B2, DL S BT ) B R B 3R A RE X B
CARE Y I A SRR R AR R K AR TR B b Y MC &
2, I ERY 7 300 wg/ g( 1) (Zhang et al ,1991)
A A0 7 100 g/ g( T H ) ( Vasconelos et al,
1996 ) My
3 TARYEA

e B 20 N SRR T 2 IA IR sl
WnE 8 frs, Horhy 2 Wik A i E, 1 iF5E R W,
F 1] P Jy 5 P R 1R B A N R H oK
MRBREGRTGPABRVRR ., HRRELNEER

K2 FENSESUFESFEIR/MERBIEERILE

Tab.2 Comparative lethality of selected toxins and chemical agents in laboratory mice

AHXT 43 T i P33
i3 A, . g kg!
B Agent L0307 g - ke Molecular weight Source
B # 7% 2% Botulinum Toxin 0.001 150000 N % Bacterium
B Z Shiga Toxin 0.002 55000 M7 Bacterium
%455 X 75 2 Tetanus Toxin 0.002 150000 YA Bacterium
METEFHZE Abrin 0.04 65000 T (FHE ) Plant (Rosary Pea)
FIM 7 & Diphtheria Toxin 0.10 62000 “H % Bacterium
il 2 f1 7 2% Maitotoxin 0.10 3400 WV HETE 2K Marine Dinoflagellate
EHUPFEEEE R Palytoxin 0.15 2700 WS Marine Soft Coral
. . VA ES G [ EEES
e ; 4 1
L RAR Ciguatoxin 040 000 Fish/Marine Dinoflagellate
ZH 217 2K Textilotoxin 0.60 80000 ¥ Elapid Snake
FER IR EE R Clostridium perfringens toxins 0.1~5.0 35000 ~ 40000 7 Bacterium
BHE L 7 75 & Batrachotoxin 2.0 539 HiFElE Arrow-Poison Frog
tel
B FEFE & Ricin 3.0 64000 Y ( EEFET) Plant ( Castor bean)
W g 4= 75 2% Conotoxin 5.0 1500 #FIE 4 Cone Snail
ZeBElE 7 & Taipoxin 5.0 46000 #3i¢ Elapid Snake
Wl fiili 7 2% Tetrodotoxin 8.0 319 Jffali Puffer Fish
57 2% Tityustoxin 9.0 8000 157~ Scorpion
£ G RE 2 Saxitoxin 10.0 (W% A Inhal, 2.0) 299 WA TE 2K Marine Dinoflagellate
VX #4857 VX 15.0 267 12777 Chemical Agent
WA PR %5 & B( Rhesus/ Aerosol ) o . .
27. 2 55 EDSO ~ 28494 4 Bacte
SEB ( Rhesus/Aerosol ) 0 CREATAGAE EDSO ~ pe) 849 A7 Bacterium
WZEFEE-A(s) Anatoxin-A(s) 50.0 500 Wi Blue-Green Alga
%75 2 -LR Microcystin-LR 50.0 994 W5 % Blue-Green Alga
2235 (GD)Soman (GD) 64.0 182 1k24#E 57 Chemical Agent
M (GB) Sarin (GB) 100.0 140 127X, Chemical Agent
1,31 Aconitine 100.0 647 HEY (3% ) Plant ( Monkshood )
T-2 # % T-2 Toxin 1210.0 466 H.# 7 % Fungal Mycotoxin

5| H Franz ,1997
Cited from Franz ,1997
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Fig.7 Flamboyant toxin-producing cyanobacteria

VCLRfE S Esns D) 19906, =HAKEREEMCLRE:
5 FUH 0 R S RREE (PP1. PP2A)
K135 (Honkanenet al. 1990,
MacKintosh et al. 1990, Yoshizawaet al.
1990) ;

BHERBOWITAZLE by o RE RN SR REEAS

RE T ABEHE N KIMCIREE, Stk (. M. BRI F) b
BUFE—ZFF. BMEEE MCISHHE KX (Ueno et al. 1996; HNiE K
£52001) ;

SRR ©)  1996%, EFMEFAEEESRS

{HENAKEZER0H, B

0 E ria et al. 1998) ;
B BIES, REET #H;60% \FET- (Pouriaet al. 1998)

MECLRAE [
10984F WHORA T X FIAKMCLR
ﬁ ERHESE: 1pgL
d) s A RnEbCA RS ER
i R A& FMCEE AL ifefatrRIFEEHARR, RIUK
(R B HEeHtREsE —cEENFRG

(Chen et al. 2009)

8 ERSZREXERIFHEM

Fig.8 Looking back at important advancements or events of cyanotoxins
B HIWTTE (Chen et al, 2009a) KA, I L T5ge  FAEHRINBETIH E TPk MC-LR il i
BORICT AT R ATE 1996 45, BV ILENTK#Ts  PERSE (] ng/L) o BARSC T8 B3 R A BUR
Jedi fF, BB 60 ZASET RAATA (& 9) o it PREAFE—E R
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BEHTHKZE120 L,
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(Pouria et al, 1998)

SH 60 ZARTHBABHKESRSREN

Fig.9 Event causing over 60 victims in a dialysis center, Brazil
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E 10 Hi#ERMmEFH MC ZE(5|8 Chen et al, 2009a)

Fig. 10 Microcystin content in the serum analysis of fishermen living on Lake Chaohu ( cited from Chen et al, 2009a)
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Fig. 11 Scatterplot of first two components from a PCCA
performed with 21 biochemical variables and MC
concentrations from serum samples of fishermen living
on Lake Chaohu ( cited from Chen et al, 2009a)

400

350 4 *

KAESHPMAPMCS 2
(ng/g DW)

R

T AR AT DIBE Y B HEIE S, BR B B AR
AL /N BURIR SRZEA T 1 IR A A e B 5
PE— A X LW PR B H Fesh 4 R sh )
B AR S RUEAT T (18 12)  JF45
AP R SR, T A R MC R H B
N 2.2 ~3.9 pg MC-LReq, i sl 1 1H 5 T2
AU E R H AV (2.4 pg MC-LReq) , iX
RIS AR E 1 H AR B EATAE G R X
[, i 221 M BT (Chen et al, 2009a) o F KL
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Fig.12 MC contents in muscle of crustaceans, mollusks and fish from Lake Chaohu ( cited from Chen et al, 2009a)
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Fig.13 Transfer of microcystins to humans through food chain
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Fig.14 Mean microcystin contents in the intestinal contents, intestinal walls, livers, muscles and gonads of various
vertebrates in Lake Taihu ( cited from Chen et al, 2009b)

Mk RN S0H{ eHA%#4 SHRE &I

WEK BE KZ2E €5
Z4%

7 W B 4F N 0.031 X 0.57

1 HAmE \ 0.022 X 0.26

7 KRB F v 0.025 X R & ER
(ANJEEF)

WMEFEE | V| 0007 | - Tt

PN i i} . X 0.15 EE R B

@ vatss X 0.043 X 0.32

‘ = X 0.109 X 0.94

PR 2 X 0.051 X 0.48

& EHEmE X 0.107 X 0.66
7. pgMC-LReq/kgbw, #8310.04 ng MC-LReq kg bwAAR S, IHENRASH—NEHERE

15 ETHUEAREESESEURSASHETYHEE, ARMERZF k=R ERREERITR
Fig.15 Safety estimation of commercial fisheries products of Lakes Taihu and Chaohu based on the daily food

consumption and the average microcystin contents in various species
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Fig.16 Strategies for risk management of cyanobacteria
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Fig.17 Population limitation——human is also an animal population

TRCIR AR , B AT 2 H Bt R A B K5 4% 28
HA AR BHE KBRS ICE VR, S s A4 2526
BRERES) LA TR IR 7 e 254 K i B 52 S 1R
P ARIEIRIK A A R G, H5 S 2K A KT 7R
MRIERK LA, IR B 200 19 9 Bl S R L 2
o, AR S SR A e HE A UL B BESE B K
S RGN B AT, AN B RK ORI
(8™ ity (X 7 ZORF ML T 0 2 5 B AE S R
FLRACZ ) SR B A 2 RO IR IR M, PR AP AR R
filt R !

FRAMTAIEH T 1 IX A H AR AN i JCBRh R
NINEIATE PR FSE ) — PR R B 25 S R IR ML BR AR
WA ARG T A FH - HH - mE e i
T—RIVERZR(CNPS ) MEIR, (EEP
FRAAAEE L, ASTEIE BTSN, B R B4l
BERAEIERIE , 9 B SR E R I B R o X 98
SRS B, B R RIERIEAT, T 2A YU
WA LEAESE, T 2 B B B AT B, U i X i ]
7, AL BEAER 8] 1R 3 e AR — R B S AT A, BITAR
AT AR XAR R AT E B AR SHE A RM©
LA NSRRI LASE B A 4 Al T 35 22 B 1S I, T2
TE— P 1 752 15 1) R AR IR 3P, X At AR 253
AR I —

5% 3k

. 2003. 5 -5 BRI [ M ] JEaT: Bha b k.

. 2006. 7K AR S IA N ) T 98 BE T R R NS R Y
TTERU M. JE5t . Bbor L.

WP 2007, 1B TEEOK AR A AR - AP HEAL AR Bk
Pz AR S R [ M. JE 5t B L.

. 2008. I W H Y D s K S K AR R [ ML JL s B
Y RRAL.

F-. 2009, 1 L W0 9 D S - W R E SR AL SO B AR
[M]. et Bha it

A2, 0, PR EAR, 46, 2001, PoKP MRS R SRE
JERMERT R R RIS [T ). AR 205,23 (2) 96
-99.

Chen J, Xie P, Li L , et al. First identification of the hepato-
toxic microcystins in the serum of a chronically exposed hu-
man population together with indication of hepatocellular
damage[ J]. Toxicol Sci,108:81 —89.

Chen J, Xie P, Zhang D, et al. 2006. In situ studies on the
bioaccumulation of microcystins in the phytoplanktivorous
silver carp ( Hypophthalmichthys molitrix) stocked in Lake
Taihu with dense toxic Microcystis blooms [ J].
ture, 261 1026 - 1038.

Chen J, Xie P, Zhang D, et al. 2007. In situ studies on the

Aquacul-

distribution patterns and dynamics of microcystins in a bio-
manipulation fish-bighead carp ( Aristichthys nobilis) [ J].
Environ Pollut, 147, 150 - 157.



12 364 % 4 XK A

7

N

Ay,
=

+

NN

2015 4 10 A

Chen J, Zhang DW, Xie P ,et al. 2009b. Simultaneous deter-
mination of microcystin contaminations in various verte-
brates (fish, turtle, duck and water bird) from a large eu-
trophic Chinese lake, Lake Taihu, with toxic Microcystis
blooms[ J]. Sci Total Environ, 407 3317 —3322.

Chen L, Chen J, Zhang XZ ,et al. 2015. A review of reproduc-
tive toxicity of microcystins [ J]. J Hazard Mater. (in
press).

Chiras D D. 1991. Environmental Science, Action for a Sus-
tainable Future[ M ]. California; The Benjamin/Cummings
Publishing Company, Inc.

Elton C. 1924. Periodic fluctuations in the numbers of animals,
their causes and effects[ J]. Brit Jour Exp Biol, 2; 119 -
163.

Franz D R. 1997. Defense against toxin weapons[ OL]. http://
www. usamriid. army. mil/education/ defensetox. html.

He J, Chen J, Wu LY, et al. 2012. Metabolic response to oral
microcystin-LR exposure in the rat by NMR-based metabo-
nomic study[ J]. J Proteom Res,11: 5934 —5946.

Honkanen R E, Zwiller J, Moore R E, et al. 1990. Character-
ization of microcystin-LR, a potent inhibitor of type 1 and
type 2A protein phosphatases [ J |]. J Biol Chem, 265:
19401 - 19404.

Li GY, Cai F, Yan W, et al. 2012. A proteomic analysis of
MCLR-induced neurotoxicity ; implications for Alzheimer s
disease[ J]. Toxicol Sci ,127: 485 —495.

Liu Y, Xie P ,Qiu T, et al. 2010. Microcystin extracts induce
ultrastructural damage and biochemical disturbance in male
rabbit testis[ J]. Environ Toxicol, 25; 9 —17.

MacKintosh C, Beattie K A, Klumpp C, et al. 1990. Cya-
nobacterial microcystin-LR is a potent and specific inhibitor
of protein phosphatase 1 and 2A from both mammals and

FEBS Lett, 264, 187 —192.

McCallum H. 2000. Population Parameters: Estimation for Eco-
logical Models[ M]. UK: Blackwell Science Ltd.

Paerl HW, Fulton R S III, Moisander P H et al. 2001. Harm-

higher plants[J].

ful freshwater algal blooms, with an emphasis on cyanobac-
teria[ J]. Sci World J, 1; 76 - 113.

Pouria S, Andrade A, Barbosa J, et al. 1998. Fatal microcystin
intoxication in haemodialysis unit in Caruaru, Brazil[]].
Lancet, 352 21 -26.

Qiu T, Xie P, Liu Y, et al. 2009. The profound effects of mi-
crocystin on cardiac antioxidant enzymes, mitochondrial
function and cardiac toxicity in rat[ J]. Toxicology ,257:
86 -94.

Svrcek C, Smith D W. 2004. Cyanobacteria toxins and the cur-
rent state of knowledge on water treatment options: a review

[J]. J Environ Eng Sci, 3; 155 - 185.

Tao M, Xie P, Chen J, et al.2012. Use of a generalized addi-
tive model to investigate key abiotic factors affecting micro-
cystin cellular quotas in heavy bloom areas of Lake Taihu.
PLoS ONE 7. €32020.

Ueno Y, Nagata S, Tsutsumi T, et al. 1996. Detection of mi-
crocystins, a blue-green algal hepatotoxin, in drinking wa-
ter sampled in Haimen and Fusui, endemic area of primary
liver cancer in China, by highly sensitive immunoassay
[J]. Carcinogenesis, 17; 1317 - 1321.

Vasconcelos V M, Sivonen K, Evans W R, et al. 1996. Micro-
cystin (heptapeptide hepatotoxins) diversity in cyanobacte-
rial blooms collected in Portuguese fresh waters[ J]. Wat
Res, 30. 2377 —2384.

WHO. 1998. Guidelines for Drinking-water Quality [ M ]//
World Health Organization. Health Criteria and Other Sup-
porting Information: Second edition, Volume 2. Geneva.

Xie LQ, Xie P, Guo LG, et al. 2005. Organ distribution and
bioaccumulation of microcystins in freshwater fishes with
different trophic levels from the eutrophic Lake Chaohu,
China[ J]. Environ Toxicol, 20 293 -300.

Xie P, Liu JK. 2001. Practical success of biomanipulation using
filter-feeding fish to control cyanobacteria blooms: a synthe-
sis of decades of research and application in a subtropical
hypereutrophic lake[ J]. The Scientific World, 1: 337 —
356.

Yang Q, Xie P, Shen H, et al. 2012. A novel flushing strategy
for diatom bloom prevention in the lower-middle Hanjiang
River[ J]. Water Res, 46 2525 —2534.

Yoshizawa S, Matsushima R, Watanabe M F, et al. 1990. Inhi-
bition of protein phosphatases by microcystins and nodularin
associated with hepatoxicity[ J]. J Cancer Res Clin Oncol ,
116: 609 —614.

Zhang DW, Xie P, Chen J. 2010. Effects of temperature on the
stability of microcystins in muscle of fish and its conse-
quences for food safety[ J]. Bull Environ Contam Toxicol,
84:202 -207.

Zhang DW, Xie P, Liu YQ, et al. 2009. Transfer, distribution
and bioaccumulation of microcystins in the aquatic food web
in Lake Taihu, China, with potential risks to human health
[J]. Sci Total Environ, 407 2191 -2199.

Zhang Q X, Carmichael W W, Yu M J , et al. 1991. Cyclic
peptide hepatotoxins from freshwater cyanobacterial ( blue-
green algae) waterblooms collected in central China[J].
Env Toxicol Chem, 10; 313 —321.

Zhao SJ, Xie P, Li GY, et al. 2012. The proteomic study on
cellular responses of the testes of zebrafish ( Danio rerio)
exposed to microcystin-RR [ J]. Proteomics, 12 300 -

312.



2015 £4 4 WOPE, EEAKERERERE 13

Zhao YY, Xie P, Fan HH. 2012. Genomic profiling of microR- i 10 000 ok, 53 A T #2356, B AR,
NAs and proteomics reveals an early molecular alteration FHEBEHE G AKX AEE SR ERP L £,
associated with tumorigenesis induced by MC-LR in mice VAR AR A, KB M EREEWAT
[J]. Environ Sci Technol, 46 34 —41. %A B s 6 — A 2E A 4 lﬂ;‘i’ﬂ KKk

TR A, R BB R AH L, &

ik R AR BB ERFEFRERES TR

2H)

(EZd: T HBEARERF R (E
bf——“# R B F £mHFTF) (http.://blog. scien-
cenet. cn/blog—1475614-927464 himl) , 3] A X = #)
ERR T BEARERLRAERE, ZRA R

Cyanobacterial Blooms and Their Secondary Harms
XIE Ping

(Donghu Experimental Station of Lake Ecosystems, CERN, Institute of Hydrobiology,
CAS, Wuhan 430072,P. R. China)

Abstract: This review gives an introduction to cyanobacterial blooms and their secondary metabolic products, mi-
crocystins. Microcystins are a kind of biotoxin, which effects harmfully on liver, kidney, gonad, nerve and heart of
vertebrates, and mammals are especially sensitive to them. It also discusses how to manage the inland water ecosys-
tem to prevent the outburst of cyanobacterial blooms.
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