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4 7 (blue-green algae) Wk A 4 2l & (cyanobacteria), &—Z8 M4y, |1z
ST TR BARIK . KRG AEIREE , EATTEICR A HER L A IE A L R A
R LR ARG RGN . TIRERAEY) Z e A BEMEN . 5 —Jri, X2
L 2% G (gram-negative) Y JFAZ A, BARANRE AR T ARk sl i i s [
PR, HENTHBE A — R B AR 8 1) KSR 75 28 [FR O 1 78 75 2 (cyanotoxin) [ f&
Fe NZEH{dRE(Codd et al. 2005).

YL 2R E50), WEERER A =28 Fik(cyclic peptide) . A= ¥)fii(alkaloid)
FIG Z 4 N B K (lipopolysaccharide, LPS); FHRIERERE X ahWiEds =, o
S HAG MY (hepatotoxic) P JIK 75 28— 1@ i 57 K (microcystin, MC)FI 17 BR#E
K (nodularin), HA ML HEE K (neurotoxic) A= P 5 &K ——28 7 & (anatoxin) Al
1 5 WA R 2R (saxitoxin),  H A AN EEVEAY (cytotoxic) Wi R —— A e 5 R
(cylindrospermopsin) , H- A3 [ 48 8 1k #Y (dermatotoxic) 2 #) Bk 7 K —— W T2 55 &%
(aplysiatoxin) FlI#4 22 15 7% & (lyngbyatoxin),, HA HIEVE 1Y (irritant) 8 28 ——LPS,
DU LA A= 973 49 5 (Sivonen and Jones 1999).

MAEBRIUFEEEER , TEIRK IR KA R I f i LI 5 e 75 RN PRI R
MC. FPEEER M5 T 800~1100 Da, Hd, MC 1 7 MNEIERRALAL, iy
BRER R 5 MEIERA L. MC )7 BRI sE—— S (Microcystis) . iR
¥ (Anabaena) . B ¥ (Oscillatoria Y, Planktothrix) . 7 ¥k % (Nostoc) . i P&l
(Anabaenopsis), VA ti A WRAE B (Hapalosiphon), T 17T ERBEFE R E 2 HEIR
IKH T EREE Nodularia spumigena(Codd 2000, Carmichael 2001),

R ASERIREY), BET— MR RITHRIE S J5 — A7 Y 2 5E DA i i
(IRE)IEE M. AT 15 DMEIERIFR TR, 15~50 DRI ZAK,
KT 50 P2 B — MetFs Ay 8 1 o o Ak B L S —— 1 B 7Eds i i b i L
AHEMGES PR A EERE . E R, 2R AN . FEY . T
gy, )RR IR E A R, HEH W EEE BT EE R, sE RN T
Gr3F A BRI E IR IR TR T . R F— e IR AE IR N AT EE 2 A=
HAARIIRE, AT EZEGEAE T I 25 BRI B2 A o

LIV I 2 o R v 2o R BEIE BUPR AR o IRRRAB L T AR 22 KRR IR —A~
K, ENVME. AR, STF8ERSE . ER . mIHRLLU R R e
KB FEE SIS fExd L0 40 248, DY, BEIF . R LT
A=) A3 B A B (R R 235 4 B A KR H HGE A T (Sewald and Jakubke 2002). A3

o




RAF R GIE— S B A I RAR IR IR R

1990 4, BH K B OB, MC #E A4 | BE5R ZUHb 0 ] & (1 R I (PP-1
PP-2A)[1) 1% P (Yoshizawa et al. 1990). 1996 4F, 7EELVE & A4 T 5 i My Fl /K 1%
MC(MC-LR., MC-YR Fl MC-AR){5 44 35 52 ABET- (1™ B F:(Carmichael et al.
2001, Azevedo et al. 2002). [ g 5 Sk PR ) s A RN S HOK R Y
MC 75444 & (Ueno et al. 1996, ATNAFESF 2001), 1998 4, A TAHLRE T
7K H MC-LR 5 &I B (provisional 8 FEA 1 ng/L(WHO 1998), 7E MC I
70 ZFpFART, MC-LR S W HARCH 5 %, IEIEEEST/INEA B LDso {E
—JBAE 50~60 pg/kg BW(Kuiper-Goodman et al. 1999), [Ht;, MC-LR {7 n] 5
Ak 2A28 ML # 258557 (chemical organophosphate nerve agent)fH 24 (Dawson 1998),

— IR, MC AN ISR FEEE oK, A5 i 5 R 3 ke
o PR S R, SCRRIR A 0 T 8 e R K AR e — L i 55 9 33 BT SR
(WHO 1998, Carmichael et al. 2001). 324~A 1k, YK MC ¥5 4% [n] @2 5
1Z &{F(Chorus and Bartram 1999), #HLZF, £k MC FE/K A SIHIOK = IR N
AV E RN LG . REBNAWEERMT0E, AilEKeREk
AN . VIR LRUEESE), W an( ., IR, B MR ki MC
B 45 1 5 AR 151 (Chen and Xie 2005a, b, Chen et al. 2005, Xie et al. 2005), Tfij
AU i OB [ RS A SRR, Bk, M S MC V598 A6
Ta B RV TE B AN 25 240

ARAFETTEIR MC LEKA SR N 149 & SR B IR A 2 (gt B 0
o 56—F0E MC WIS, FEW A HIEES MC iEEtE . MC Bfb45F A
PR, B FECEER FALE] . 55 AT RN MC 2 U R+
AR, BNKIFERIE, MO0 TIPERNSFHLS TR MC, ALK
ZFNBTBA AR S TAL R (o8 . glidb) 5 A REMEA T oAl e . MBS =R RS L,
TEAHHIA 20 T AR AT RE AR A R N AME SOKAE S (a2 . AR . HFEE )% MC
PRI, WEBR . AW E NPT B AN SC IS, AR SR TR AT TR TR
o HNFE EERANE IR, A NEERREOCT MC 7EKAE S A N R 2
R 1 B+, IR MC M2 122280 HILERR
MC FEKAZhiAm SR — B, Hrh—EER R EECT MC 2RFE
WIS T A ROR . 55T EEIe R MC XA ERIEE, S ir s A e
(Bl A= LA 2 A5 LK AE S MC SEINESS , Rl DG S AN sy 2
RRGMHA S MR Z M REC R, Btm/a—&, WIFaAHE, X MC xfp
WA FIE I RAER R, MRS, XTI R 2, HEXimzlsiy
TS TSR AR, 251k, AT MC e A N A
HZEL o T BRI I A AR AE (Sewald and Jakubke 2002), i MC 1EWFLEIY)
R AR AT e A BR .

TR
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F—E MEESEHIC

e P R (microcystin, MC)IIE5H)F 20 22 80 4P #E i\ (Botes et al.
1984, 1985), [ M ixX 21k & Wi 4o AN — Fb i 8 — ] 2% il B 38 (Microcystis
aeruginosa) 155, HMBar4 A “microcystin” (Carmichael et al. 1988).
MC 7E45H) FR—FhIREK 124 1k E A 75 Frld B MC 881N (Svreek and Smith
2004), 7EXT I EETE D I, I EERER B ORI . MC XTI FL S i #E AR R
FE IR TR FUIN T P Fh BRI (PP 1 A1 PP2A)AYTEPE(Yoshizawa et al. 1990).

— . MC B91b2igh4y

MC JE—2R451 F AR BRALIMEGY), H—meEmaE 1-1 frs. MC
TR H A — PR Adda IUFERRRY 20 B2 EIR([2S, 3S, 8S, 9S]-3-
K -9- B AR KL -2,6,8- = HH 3K -10- 7K L %% 4.6- — 4 IR )([2S,3S,88,95]-3-amino-
9-methoxy-2,6,8-trimethyl-10-phenyldeca-4,6-dienoic acid). 4, MC &4 3 4~ D
R IR 1N Z 2 (alanine) . MeAsp(tFR} Masp)(JR-4-H FER AR IR, erythro-4
methylaspartic acid)FI4F 2 iR (glutamic acid) . Mdha(N-F ZEf SN &2 , N-methyldeh-
ydroalanine) M~ 1] 25 ) -2 /R (McElhiney and Lawton 2005).

HIR MC WSS R AE 7 MR SRR RE R A, B DL AR S RS2 R A7
2. 4 500 AP AT AR LSRR (B 1-1 Tl X R Z), LA MeAsp Fil Mdha 80
i1 F LAk A5 (Sivonen and Jones 1999), MC v 4 2 E 2. 4 S0 Ergmi
ARG IR A, BN, HeE ULAY MC-LR 78 Al AR S JL IR v B 545 4= 2R (leucine)
FKE 2 MR (arginine), 43T i A 994 Da.

FEA B, AR AR IE AR L BN IR 7 R o B« -5 IR 5
B HAA A5 IR T b8, 4 Fisher B2 i Fremk b BURSEERRBEA
W, Tzt G DR, JRRZFRA LR, KARBIE R F 22 o- 2 R,
1Ml p- Z LR Ay -2 FEFRAR D UL 5 BEAh, RARBIE B LR AR 2 L YR B AR
S 2000). REA, MC FEESEAAEEAIRTEEZIERIVN. 25 M1k, Adda (L
KIAFAET MC 15 HAESEH A B 2 A0 3 55— K1 BRE 27 K (pentapeptide
nodularin)#(Rinehart et al. 1994),

Y T IRSSAE NN 55 55 S | JER RV T 4K 1A %) 2 1 JE 7K A it ' P T R e %
e B P Ak 3R S (R 2R R 200K L R i), TERRSE 25 G i, Wil
A BANIAE . 5IA D-ZIERR . N “Bi b IR . CO- WU b SR )

. 1 .



P 25 W E AR N %4 12 P (Sewald and Jakubke 2002), M MC FFRIRZEH L K

F ) D RUFRFRZ SERR USRS SN, MC AT RE HEEE P SR 22 KA E s 14
N EA e AR E

1 2 3 4 5 6 7
D-Ala L-Leu Me-D-Asp” L-Arg Adda D-Glu Mdha”
D-Ser L-Ala D-Asp” L-Aba ADMAdda  D-Glu(OCH;)  L-MeSer”
L-Glu L-Ala DMAdda MeLan”
L-Glu(OMe) L-Glu (6Z)Adda L-Ala®
L-Hil L-Glu(OMe) L-Ser?
L-Hph L-Har Dha”
L-Hty L-Hph Dhb?
L-Met L-Leu
L-Met(O) L-Met
L-Phe L-Met(O)
L-Trp L-Phe
L-Tyr L-Tyr
(Hy)Tyr L-Val

A 1-1

Tl B e R A — 5 H . PR D -INEE '-X?-D-MeAsp®-Z*-Adda’-D A2 it *-Mdha').

D-MeAsp A D -7k-B-HFER L Z R (5| H McElhiney and Lawton 2005)
Aba=2JE 5 T ; ADMAdda= O- 2 5E-0-2= A K Adda; Dha=/li &N %2 ; Dhb=/i %54 2; DMAdda=

O-EH % Adda; Me-D-Asp=ii-f I -D- KA % ; Glu(OMe)= A4 R F Ee; (Ha)Tyr=1, 2, 3, 4- DU ik %1%
Har=/i 208 5 Hil= 5758 28R ; Hph=r 2N 2R ; Hty=r5 2% ; Mdha=N- S 3E B 20N 2R s MeLan=N-
L L BHERR: Met (O)= BEEMR-S-4(; MeSer=N-FI 522 22 ; (6Z)Adda= Adda £ A° WAL AT
&, DR=Me, 2)R;=H, 3)R,=Me, 4)R,=H
General structure of MC: cyclo-(D-Ala'-X?-D-MeAsp®-Z*-Adda’- D -Glu®-Mdha”),
with a list of some of the reported structural variations. D-MeAsp is
D-erythro-f#methylaspartic acid (Cited from McElhiney and Lawton 2005)
Aba = aminoisobutyric acid; ADMAdda = O-acetyl-O-demethyl Adda; Dha = dehydroalanine; Dhb = dehydrobutyrine;
DMAdda = O-demethyl Adda; Me-D-Asp=erythro-f-methyl-D-aspartic acid; Glu(OMe)=glutamic acid methyl ester;
(Hy)Tyr = 1,2,3,4.-tetrahydrotyrosine; Har = homoarginine; Hil = homoisoleucine; Hph = homophenylalanine; Hty = homo

Fig. 1-1

-tyrosine; Mdha = N-methyl dehydoalanine; MeLan = N-methyllanthionine; Met(O) = methionine-S-oxide; MeSer = N-
methylserine; (6Z)Adda = sterecoisomer of Adda at the A°® double bond. 1) Ri=Me; 2) Ri=H; 3)R,=Me;

4R,=H



FEAALZET, GBI DU C1 AN C2 1 JEFP B0 1 SR i s 7 A 7 XU
SEIEl— e, FRh Z /5, FESET A E AR, Adda FREEHY Co XA YR
(1) e A T (E A B A=A BY(Z AR PR, © A B AR 7K AR i e i I f
53 #3453 8] MC-LR Fl MC-RR [ BRI L] 5444 (Harada et al. 1990a, b, 54 R4
1994), LU A RY(E F495) 2k 3 (Tsuji et al. 1994),

KEHWFFTIRE T MC ZEIR KNSR K IR EE 1 i /7 7E (Dawson and Holmes
1999), HA/DEHRIE MC fF1E TR % (Andersen et al. 1993, Chen et al. 1993,
Williams et al. 1997b).

RIS MC R

MC &M ES AN RIREGER, XEEWERRESE Microcystis. Anabaena
Planktothrix .Anabaenopsis .Nostoc Aphanocapsa Fl Hapalosiphon([&] 1-2)(Carmichael
1992, Skulberg et al. 1993, Svrcek and Smith 2004)., MC J& Tk B A=A I 4
(secondary metabolite), P& ATIEA T 3 L 0 AT B2 (A 240 it 43 54
fiE)(Svreek and Smith 2004). 7E7” MC (¥ #ERED, A LERE" SRl SR R (R
1-1), AEAARYE A PSRRI W R PR T5 M

HIRIE AR 1 NATTIE A R ) Hb K Ay o] 5 86 27 B 3% LA R AE A A PR B 451
TER, HMC A R@RECAEBERE, HEVNMY 7R ARG LK
A Y & 3 R 2 B X B K 25 2 A% B A (non-ribosomae) 1 12 A R Y
(Meissner et al. 1996, Dittmann et al. 1997). i34 HHA K2 G AL (peptide
synthetase) TEZ5F4 b & BEORSY, XSRS G Bl ) SE DN g bt 2 20 4 A9 (modullar)
R FERAE L (module) &4 BN IK-G Bl PR T (peptide synthetase unit), K —~
BRI P BEBE ) AT RE £SO T 75 AT X SE L R LR B A TR PR A T R 3k
(Hitzfeld et al. 2000).

MC 5 Z N LEMAITG RYIAR, REKIAHA -l Bre, e
AT, FUR S EATRGEE R, A2t AT ALK A4 3 A ] e i o
FAERT s MK ™ B TR AR, 7 B A R 2 K (i T 5 ey i
KA, nlE 1-3 FE 1-4), MC SRR ETHEL™ A IR B B K A,

KR )R K AR RT ) — RO R R G —SE R e 75 ), RV
B—FRIE LKA, WA RRR A TR CREAR IR AR, SRS KA
60%~70% 76 Btk (Fawell et al. 1993, Sivonen and Jone 1999, Svrcek and Smith
2004), EHE—AHAR K AERT P2 LR MC, 7E—LE 1500 FHFE AL 20 ZF0;
— PP K AR A PR T SRR A M A MR B, DR S B A 5 3R A AR X
(Svreek and Smith 2004), CL4RIE MM A SRR A REE K AR HE BE TR E) MC &4,
PIHE A 7300 pg/g DW(Zhang et al. 1991)F177% 4 19 7100 pg/g DW(Vasconelos et

. 3 .



al. 1996) MR o

[ 1-2 72 MC 5 #(A~C 5] A Briand et al. 2003, D 5| H CSIC,
www.ibvf.cartuja.csic.es/Cultivos/Seccion_IV.htm, E 5|H Cyanosite, http:/www.
cyanosite.bio.purdue.edu/images/images.html, F 5|H Protist Information Server,
http://protist.i.hosei.ac.jp/pdb/Images/Prokaryotes)

Fig. 1-2  Species of cyanobacteria that generate MC (A~C are cited from Briand et al. 2003, D from
CSIC, www.ibvf.cartuja.csic.es/Cultivos/Seccion_IV.htm, E from Cyanosite, http://www-
cyanosite.bio.purdue.edu/images/images.html, and F from Protist Information Server,
http://protist.i.hosei.ac.jp/pdb/Images/Prokaryotes)

F1-1 EESENERRTSLED
Table 1-1  Cyanotoxin name and producer organisms

BERIH BRI FREEE R 4
Toxic group Toxic or irritant effect Producer cyanobacteria genera
IRAK Cyclic peptides
AR A8 Hepatotoxic 3 Anabaena, WiPE 3 Anabaenopsis, [FRFER
Microcystin ¥ Aphanocapsa, FiitE 38 B Hapalosiphon, 13

B& P Microcystis, 7 Tk % Nostoc, i B
Oscillatoria




BRI B HNER P RE I R 4

Toxic group Toxic or irritant effect Producer cyanobacteria genera
Bk R i8¢t Hepatotoxic ATBREE(FEAERIRIK)
Nodularin Nodularin (mainly brackish water)
8, Alkaloids
AR Y
Neurotoxic alkaloids
RiEHa #2351 Neurotoxic 11 )28 Anabaena, W23 Aphanizomenon,
Anatoxin-a i Oscillatoria
W FER-as) 2 3 Neurotoxic t L3 Anabaena, ¥ Oscillatoria
Anatoxin-a(s)
Vayzlie=a 2851 Neurotoxic 1R #E Anabaena, W FE Aphanizomenon, )
Saxitoxin M Clindrospermopsis, Wi%4% Lyngbya
AR EEPE I A
Cytotoxic alkaloid
MR ik Cytotoxic RS Anabaena, W22 Aphanizomenon, 1)
Cylindrospermopsin T8t Hepatotoxic FEMIEE Clindrospermopsis, Umezakia

27 Neurototoxic
Wif£ 7% Genotoxic

S 9 T A W PR SE Marine cyanobacteria
Dermatotoxic alkaloid
HRTEER Bz 4 7 1% Dermatotoxic 84238 Lyngbya, S350 Schizothrix,
Aplysiatoxin Wil# Oscillatoria
By R J R Dermatotoxic #2238 Lyngbya
Lyngbyatoxin-a FERA S &%
Oral and gastrointestinal inflam- mation
BESENEER A RNBATAT R R AR P B Jirf All

Lipopolysaccharides (LPS) Potentially irritates any exposed tissue

(51 H Svrcek and Smith 2004) (Cited from Svrcek and Smith 2004)

P 1-3 rPEECH . AT R K A
Fig. 1-3  Occurrence of dense cyanobacterial surface blooms in
Lakes Dianchi, Taihu and Chaohu, China



Microtystis® tloria.bloom in the
Neuse:River, Noth“Carolina

72— T i G A SO ST A1 i - R
Microcystis aeruginosa bloom “Q Anabaena-Cylindrospermopsis bloom in
anal in the Netherla £3 8 Australia

B 1-4  HFRLHAYTERIKEEE] A Paerl et al. 2001)

Fig. 1-4 Worldwide occurrence of dense cyanobacterial surface blooms
(Cited from Paerl et al. 2001)

HIR MC IEARIBFN Tl KA VA i 4 (mass casualty biological
weapon, MCBW)IUFERE(F T2E 7 RIME . BEtEid A g5, (HHzEC LA
FIBZERLZOGFNREGR 1-2), —SMA iR AR L st AL S RE T
AGERAL RS RIEIR, THAD— SRR HIEMIA AL, X R,
TR S, RO TR B N A AT A A AN AT A R AR AL, MC 3t
JETFXFEAL, MC R L —Eh 5 AN R RS &, AR Y
FABANM, BRAEFAHMIXT MC RSB 7EBOEH R B ERE LT, 15~60 min
Z BN AR B, TEXFMEOL T, BoA FEE A B RE I Bl E
B, BRI R e TOINE ;. BT 2R IA LIl . AL
(SRR, FHARBE R A2 2otk 2 mIVE R, i AR O S5
%z MC 3 E AR (rifampin,  HTE5ZHRE 200 AR 2 219 (Franz 1997).

12 FANBE S BRI LI N E RS

Table 1-2 Comparative lethality of selected toxins and chemical agents in laboratory mice

. Xt s §

A5 Agent LDso/(ug/kg) i Tﬁ%ﬁ? KR Source
Molecular weight

NEEHRER 0.001 150 000 2l Bacterium

Botulinum Toxin

WP EEE Shiga Toxin 0.002 55000 2l Bacterium

N 0.002 150 000 M % Bacterium

Tetanus Toxin

AHIEFZ#EH Abrin 0.04 65 000 YR E)

Plant (Rosary Pea)




gk

{77 Agent LDso/(ng/kg) HXM}%)E; K Source
Molecular weight

ELEES 0.10 62 000 21T Bacterium
Diphtheria Toxin
il FE 1 3R Maitotoxin 0.10 3400 WEEHEE

Marine dinoflagellate
AVNIESEFE R Palytoxin 0.15 2700 PRSI

Marine soft coral
TR # % Ciguatoxin 0.40 1000 0/ EE B

Fish/Marine dinoflagellate
HAIEER Textilotoxin 0.60 80 000 #i¢ Elapid snake
FER R R 0.1~5.0 35 000~40 000 2T Bacterium
Clostridium perfiingens toxin
FHE LT A dE R R 2.0 539 i 8E1E Arrow-Poison Frog
Batrachotoxin
BFR# Z Ricin 3.0 64 000 TP (ERET)

Plant (Castor Bean)
34 FE R Conotoxin 5.0 1500 Wi 2F Cone Snail
ZRBAEFEZ Taipoxin 5.0 46 000 ¢ Elapid Snake
K EER Tetrodotoxin 8.0 319 I Puffer Fish
B RE K Tityustoxin 9.0 8000 15 Scorpion
A1 FHIRREER Saxitoxin 10.0 (WA 299 [EReFIE EELS

Inhal, 2.0) Marine dinoflagellate

VX W2 15.0 267 lases 3l
VX never agent Chemical agent
HERER SR B 27.0 CEEUA 28494 A
(Rhesus/Aerosol) 55 EDso-pg) Bacterium
SEB (Rhesus/Aerosol)
2K FE K -A(s) Anatoxin-A(s) 50.0 500 7 Blue-Green Alga
AR E-LR Microcystin-LR 50.0 994 W Blue-Green Alga
%8 %7(GD) 64.0 182 (e s3il
Soman (GD) Chemical Agent
IS (GB) 100.0 140 e
Sarin (GB) Chemical Agent
53358 Aconitine 100.0 647 THYI(Z3%)

Plant (Monkshood)
T-2 # % T-2 Toxin 1210.0 466 B #EZK Fungal Mycotoxin

(51 H Franz 1997)(Cited from Franz 1997)

T REZEMC &K, — AN RE R 2R B HESI Y AR, R 22 ATP
A )% 12 221 (ATP-dependent transporter) RIS, — B RPN Z R HLI
B i R TR 12 5 1 (bile acid transporter) 8 A A& K 1 BRI Fhax S6 34
JIkAYZRAA (carrier)(Runnegar et al. 1981, 1982, Eriksson et al. 1990a), [Flitt, MC gtk

e 7.



FRFAGUH IS LA AR & AT AT MLBH 8 s B 192 B (Hitzfeld et al. 2000),

=. MC myfb s

AL G 3 2 B (WK IS IR B L 280 #E M L K rh rgssE 1k
JCREARH A . FRBAAR 2 WAL . R /K M IE R A S B ATE SR T A 43T
W R AR e AR SR . —ORUL, A AL G B A s AT A A Y S
B S NINAS, SR s — e B S R AT . BRI, BT MC AR
SR, H—MRe RS AR AR HMA& B 53, T AR S R Ak 2= 1 o T
FIF7E AR (Rivasseau et al. 1998).

FEXT MC BB 2E R R 58, LAXE MC-LR(E 1-5)i 585 £ . MC-LR
A AT i 2 B ¥R i (ionizable carboxyl group) Fil—~ 1] fi# 25 1) 24 Jk (ionizable
amino group), EA 1RSS5 AL I BELE A 1) BB (Rudolph-Bohner et al. 1994),
AR IERE RN SR Y H 2R, R RR A H A, AR B E s s
WK, AW SS 5AEMIER, vERN H A (Schwarzenbach et al.
2003), PHULATRAHEN MC-LR HAGRAF AR 72k

Glu(iso) Mdha

H cooH 77

X :
HC H CcH; H H 3
0 ., ; :
COOH

! B-Me-Asp(iso)

Arg

B 1-5 MC-LR W45/ (1B H Carmichael 1994)
Fig. 1-5 Structure of MC-LR (Modified from Carmichael 1994)

1. KEME

H AU A Y0 KRR ) - v B (sS H Ak PR oAb & K B g . i AR
MEAS B E ) MC gidh, il ] — @ BUK AW I MC B 21 PL 3R]
DL AIUTTE AN E 5 e FE B 12 AR IR MERY . Rivasseau 45 (1998)i o 7] #2485 ek
T TANE 76 25CIHIAMT, BEAiKmAZAE CHE MC-LR M/MER
(microvial)H, P o (S AR E A, R A DS BORE I TICE s 7R

+ 8



2 g/L PSR , A (9043)% MC-LR ¥EffRTEKH 76 1 o/L IHE T, 4 (96+3)%
MC-LR &K BARTCIEAS th— e AV A (L, (HnT LAFEDY, MC-LR
TEK B REER T 1 g/Ls

2. MC-LR Hy % 1 & % 4t

KT RRBAE T (b A4 -5 3R 5E o (/K 22 8] B BR R AR AR ), FEERIMAEIL S
WA B B K B Ky b o PRI B IR B B $0d , MC-LR 3 /o] fig s ik
H(2 AFRILFN 1 AEID) Y pKo (E(BHE T FIBH S F45 o — 2L ) pH) S50k 2.09
2.19 1 12.48(Chang 1981); {HIX2E pK, {H Al BB 45 A 16 KB H 1 Z L MR M E RS A
75 (De Maagd et al. 1999), KHEXLE pK, {H, AIHEM H AR pH PA5EH MC-LR
IR EIEANFE 1-3 Fron.

% 1-3 7AE pH T MC-LR HfE &R
Table 1-3 Dominant species of MC-LR at different pH-value

RIS Hr AT
pH Dominant species Net charge of MC-LR
pH<2.09 (COOH),(NH,") +
2.09<pH<2.19 (COO™)(COOH)(NH,") 0
2.19<pH<12.48 (COO )»(NH,") -
pH > 12.48 (COO™)(NH) —

(51 H De Maagd etal.  1999)(Cited from De Maagd et al.  1999)

—F LA WIHE C g FE(octadecylsilica, ODS) I AR ES [HF ky(retention factor)(LA
IRAE R 80 v KA B2 Ak & 0 ) 7K P (hy drophobicity) . Rivasseau 45(1998)
HE pH 7 B MC 1 ky, 5T MC 1 pK, fHINZE 1-4 PR, BRI,
MC R EERHLE pH o 3.3~3.4, 7E ARG H Y MC S Pkaliar i fafr s AR
IR PRI AR, MC 5 {3 B TEAKAH H A 2 TR W s Ok A2 40 BT R AL o

F1-4 MCHWETWIELFHIE: SMEM log ke 1 pKa, MIRIKSFHHY
FOEDFITAR M BT IR B B9 MC BB 43 B (23 3 RiR3%)(n=2)
Table 1-4 Some physiochemical data for microcystins: extrapolated values of log ki,
pKa and percentage of microcystins absorbed on suspended particulate
matter or on a sandy sediment (shaken for three days) (n=2)

HHR log ky BRI R R R Bt BT A R i
Toxin pH7 P Absorbed by particles/% Absorbed by sandy sediment/%
MC-LR 42403 3.310.2 11£2 7+1
MC-RR 4.4+0.3 3.440.2 9+3 8+2
MC-YR 3.9+0.2 3.44+0.2 1312 T2

(51 H Rivasseau et al. 1998)(Cited from Rivasseau et al. 1998)



3. MC-LR #1IF sF B -/K 7 Be 2 B0 my B0 2

IE_E RS2 A TN HLAE A 7 KR B AN K Z (8143 BE A AL
R S - 7K 53 T R B (Pow) o P S50 73 5 I /K Vs i B AR R, DR PR
LR T Pow <10° BALA 98l £ FE (T30 K P4k & #7)(Schwarzenbach et
al. 2003).

MR 1-3 A UL, 24 pH 7E 2.09~2.19 I, FHIR L A I 2§ T (zwitterion
with no net charge), iXJ& MC-LR fizH P (neutra) WIER, ZIE S W RERE D77
e A S 5 1 0] BB B pH R 6~9, U P, (E P EEIR(De Maagd et
al. 1999),,

De Maagd %F(1999)7F 25CHIZRME T, SRAFRMENE TAFE pH 44T
MC-LR TEFE-7K H R 43 e L2 B XTI (the log n-octanol: water distribution ratio,
logPow)o 4iHREKH], MC-LR [ logPo 5 pH B UIAISC, BI24 pH A 1 EJHE 10
B, logPoy B 2.18 FEMLEI-1.76(1&] 1-6), {H logPo TEFRILIN pK, E I TC
KA. PR 1-3 AIE 1-6 WL, (COOH),(NH, WEZ A MC-LR H,(COO),
(NH,YJEAS /) MC-LR 43 ELdt A LE~F IR e 1 2588 2 .

Bl 1-6  pH Xf MC-LR [y FE-/K A3 B HL R AR BB (logPoy) FIFEMT . o—IRINENE, o 3 YRilE
1P E BRI 95% B 175 X1 1 46, [X IR /05 Wi HEHE B 1 pHL S (51 | De Maagd et al. 1999)
Fig. 1-6 pH-dependent log P, of MC-LR. o Single measurement. ® Triplicate measurement
with 95%-confidence interval. The gray shade shows the range at whichcyanobacteria normally
flourish (Cited from De Maagd et al. 1999)

4. MC-LR . MC-LY . MC-LW #2 MC-LF # IF 3£ B - /K 4 it 2 3¢ 4 8] 320

Ward F1 Codd(1999)FHIHIH( 7 =UAE T 4 F MC IEFRE-/K AL R %L HE
1 logPoy(0.80~4.81)1 8 FMLAWINE RS I8, FK/ CIEVE R shAREA TR RE TR

- 10 -



(AN 0 2] 60% 1 LJli5, VIV), BT logPoy S TR BRI RIRY [BIH G R (8] 1-7), FHEFFERY
ARV MC-LR, MC-LY, MC-LW #l MC-LF, ##i EiR 156 R A5 1ogPoy
G310 2,16, 2,92 3.46 F1 3.56, it AL MC-LR 1 logPo, fE 5 De Maagd
(1999 K HFHVATE pH R 1 B HAZEN e (E (2. 18k . ARIIE, Xt logPo (H5Z
pH FZMARKIY MC Heidi, FMIEREAGIE logPoy (B, pH RE T3 E%,

60
50
£
g 40 -
)
£
g w0f
5
5]
~ 20 +
=
=
BE 3
® 10
0 -
0 6

log Poy

¥ 1-7  JH HPLC %} MC-LR, MC-LY. MC-LW Fl MC-LF ] logP,,, {ELAIf%3
FH 257KV 1008 B DR waters Cig Nova-Pak HR (5 i.d. x 100 mm) HPLC £t F 2 BBILAHI(1~8). LA PI(logPoy)
YA Z51(0.80) . FEEI(1.46) . H(2.13). HH(2.73)., 2,4-"5BI(3.08). Z(3.37). p, p'-HATHHHFIAE(4.81),
Bl 28 K y=12.83 x—14.21, R*>0.97(3] A Ward and Codd 1999)
Fig. 1-7 Estimation of logP,,, values of MC-LR, MC-LY, MC-LW and MC-LF by HPLC
Reference compounds (1~8) were eluted from a waters C;s Nova-Pak HR (5 i.d. x 100 mm) HPLC column with a
linear gradient of acetonitrile/water. Compounds (log P,) were 1,resorcinol (0.80); phenol (1.46); benzene (2.13);
toluene (2.73); 2,4-dichlorphenol (3.08); naphthalene (3.37); p, p'-methoxychlor(4.20) and phenanthrene(4.81). The
regression line (y=12.83 x-14.21, R*>0.97) is shown(Cited from Ward and Codd 1999)

PO, BRIE D% MC FSE 1 Y 52 i

1. pH F198 J& 3 MC-LR # & M 8 %

Harada %5(1996a)7E 2K 2 F FHFSE T pH(1. 5. 7. 9FNEIES. 20, 21~30,
40°C)%F MC-LR FUEMERsEm . £ A, HEEHUKE R ERTKE WL pH
9~10. JREEHN 25~30°C, YIREE N 5°CH 20°CHT, 7E Fik 4 Ff pH 5544 F MC-LR
R3] 1-8) 5 24 iR 4 40°C I, MC-LR f2E 3210 3 J& (pH 1 10 J&(pH 9).
AR 2 AR R IR HE pH 9 IREE 40°CIHRITE . I, MC I
27 F%f# (thermal decomposition) b HoAth K1 194/ /)N

. 11 .
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g 2 ﬁ E
RS ( <
NRg 5079 R4 50
< g {5
SN =2

£ £

S pH 1 3 pH 7

0 . . — 0 : : : .
0 20 40 60 80 0 20 40 60 80
HFA] Time/d HFA] Time/d

< 100 ¢ < 100

E’J = - = ED i
B i = 2 3
).k. < ( <
= 5 =
N+ 507 N+ 50
S &5
¥ g S

£ £

S pH 5 3 pH 9

0 . . : : 0 - T T T
0 20 40 60 80 0 20 40 60 80
ifE)  Time/d ifE Time/d

El 1-8  pH AEEEXT MC-LR MFE MMM (5] H Harada et al. 1996a)
A 5C; e 20C; o 21~30°C; o 40°C
Fig. 1-8 Effect of pH and temperature on the stability of MC-LR(Cited from Harada et al. 1996a)
A 5C; o 20C; o 21~30C; o 40C
MC-LR 43R Iy X2 BIREE A . 7EIRE S 40°C K& pH 1(37 d)
 pH 9(100 )Y 251 T, MC-LR HFERR ™4 3 2218 1 Mdha 5 K A T 18
JURMICAL R IR (AT RETCRE ), e WIR/K AR & A= 7E Mdha FRIEAL, PIHEA Ml
(enamine)Z5H4 ;1 Y HEAEAERS, TEMRYESRMET , HRfb(esterification)f I HuK
e FHE (8 1-9), B A=W ERJCEE, XF PP-1 #1 PP-2A JCMifil M
K4, Wannemacher(1989)7E 525 45 4F FUESE, MC-LR 7E 300°C M 8ATRE o

2. BB MC & E A A b 8y e

Harada 55$(1990a, b)Y MBI~ H ASIIA (Tsukui #F1 Sagami 1) /K 405 i
(FESE Microcystis viridis)H 43 #1535 MC-LR Fl MC-RR [/ # Rl JLAn] S 44 {4
(geometrical isomer): Adda ZZFEH ) C6 UMY R S XA RY(E #4728 g it
KA EYZ H ALK 1-10).Z MR RE M (IR F AR (E #47Y)(Harada et al. 1990a).
TEHA, AREEKER MC BRAIAEZ AT Bl —h 5%~15%(Tsuji et al.
1994), 7EF8 [ 2 Fa FEIaE I 1Y 5 K 1R R B (Microcystis aeruginosa 2415 90%)H,
W B MC-RR S o[RSy St A A F AR (R A MRS 1994) .

- 12 -



MC-LR HCOH ©CH p H COH  CHy
L ] 1
(MW 994) e J\,-YNYKN“ MW 942 o

NH.
HiC, 0 HG i PH 8 (40 °C, 100 days) M, LR

HOCH;H  H ”;C HOCHH  H b o HyC
e el 8

H HCHJH H HoH,H MY

[+]
H
H cH,GH, j H CH‘CH: H N\XI/N M
NH O 4
L] HOOJHO H 0 Heo.HO
H;NAN €04 HiG = “GHy
H

pH 1(40 °C, 37 day )
MeOH:0.05%TFA (62:28) s H COH CHy
i ba A’YNH o‘?)\NH
W‘] L %—
H

H_OCHy H

H HGHJH L

6-monomethyl ester |, co.cH, o o H ancH, H
(MW 1008) “‘L-/\("‘.)\NH o o HOD:"
N

HN
me, L 0 HO u MW620 R=NHCH; M OOM N

HOOHH  HH HyG o MWe6&i16 R=0H HN R

HaG, [+]
H HGCHyH % [+]

% P‘l e H i
H CHyCHy "’j"\l;,}’h‘ aH HOGHH H
NH ©
H NH
O H o % H
“z")l\N Lo Hye” “CHy H CH,CHy H
H

FoR
H;NAN
H

& 1-9 MC-LR ZEARNREEFN pH 2544 T I REA# EIf# (5] A Harada et al. 1996a)
Fig. 1-9 Degradation scheme of MC-LR at different regimes of temperature and pH
(Cited from Harada et al. 1996a)

HeoM  CHy O HeoM O O
o N
N NH HN NH

H OCH, e 1 OCHs
CHy MiC, O HL He CHy HiC, O WL H-
ot H M o HyC o fopg 1 He=r” 0 HyC o
] 4 4 8 4 A HM
H7 5 i NH W HCHyy HN H7 [ H NH H HCHyH
CHy M N N\l)""H CHy H N, N o H
NH O N ki j\ NH © W K H
0 Hbo,0 O Heom®
n,N/LN M oM o e, H,NJI\N " coM NYNH’
H H NH
6(Z)-Adda MC-LR 6(Z)-Adda MC-RR

& 1-10 MC-LR H1 MC-RR (Ul SRR 2544 . 6(Z)-Adda MC-LR Fll
6(Z)-Adda MC-RR(5| H Harada et al. 1990b)
Fig. 1-10  Structures of the geometrical isomers of MC-LR and MC-RR: 6(Z)-Adda
MC-LR and 6(Z)-Adda MC-RR (Cited from Harada et al. 1990b)

Tsuji FF(199HMFF T AR AR TGN MC-LR e A i s
il o K55 F 208K H ) MC-LR LA S48 6(Z)-Adda MC-LR(LA 85 15 B L
BNRA, WE 0.007~14 mg/L), BT AP H YK TGS, 2ad 26 X, 1ikA
86%J I MC-LR f71E, FRARAER FHYEREST A MC-LR ¥R 0 14 mg/L TELL T,
54 % (isomerization ratio)fi 5 AR fk , (HAEFLA A1 T JC i 28 4k IR, MC-LR
A UAAT SR A S B RS 2 1
W R4y IE RN (N ) PTHEE R (RN S8 R MR —Fper @k
% % mixoxanthophyl)FIK AT H2E AR EER) . ERHEISAAT, &
FIFELENNE T MC IFEAR, T SaiM44% a FIpHIE MR, KaT3Rmm %
PREM MC A RUIERRLE 1-11(A)]; (EJ2TE HOGIT RS ARETS, fEBREET
. 13 .



) MC-LR Ff-oR i A% . MC-LR J 6(Z)-Adda MC-LR FRHT ] X1 i S 44 14
Hedb, TEKATHREERGAAENSMET, &t 18 KIBFIPAr, ISR Lk
0.55[& 1-11(B)]

A 100
IS
2
igi“ g
( <
= § 50
Egie)
{o g
= &
g
j=}
&)
0 ¥ T
0 5 10 15
(B) BflE]  Time/d
. N
08 | \ —
06 | s :
N 04
5 d p——
N 02 ]
0 . . r T . .
0 10 20 30

AsffE]  Time/d

BI1-11 FEA R 3R AR OB R E T, (AMC BT FE(1990 4F 11 F 10~24 H)Fn

(B)MC-LR il 6(Z)-Adda MC-LR HJ57#840(1991 454 H 12 HE 5 A 9 H) (31 H Tsuji et al. 1994)

(A) #M5EK a0 mg/L); Of-HE MZE(20 mg/L); o/KATHEEUEZE (S mg/L); A I (PER) AT E R (5 mg/L);

o ERZERK, (B) /KRB Z IR A MC-LR; o/K J4RBUA KA Y 6(Z)-Adda MC-LR; A ]

PRIBEZFEW P MC-LR; A BRI A R Y 6(2)-Adda MC-LR. 42Kk 5 mg/mL, AL AprifEiR
%o Z/(E+Z)= 6(Z)-Adda MC/[MC+6(Z)-Adda MC]

Fig. 1-11 (A) Decrease of total MC (November 10~24, 1990) and (B) isomerization of MC-LR and
6(Z)-Adda MC-LR (April 12-May 9, 1991) by irradiation with sunlight in various pigment solutions
(Cited from Tsuji et al. 1994)

(A) ¢ chlorophyll a (20 mg/L); ¢ S-carotene (20 mg/L); o water-extractable pigment (5 mg/L); A solvent (acetone)
-extractable pigment (5 mg/L). o Distilled water without pigment. (B) @ MC-LR in water-extractable pigment
solution; o 6 (Z)-Adda MC-LR in water-extractable pigment solution; A MC-LR in solvent-extractable pigment
solution; A 6(Z)-Adda MC-LR in solvent-extractable pigment solution. Pigment concentration, 5 mg/mL;
bar, standard error. Z/(E+Z): 6(Z)-Adda MC/[MC+6(Z)-Adda MC]

TERFOCIES BT, ARIWEER K AT IR MC-LR £ P44
A B ARG, MC-LR B/ BR8] 1-12(A)], 7 6 KA1 8
RN, SRS ORWEZAAELIL R R (E 1-12(B)], B 8 Kin, AfF
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AEXFPER, BT MC-LR FUL SR LB 58 250 . MC-LR 15 FlL 54
fRlRIE & A, AFEERWRER GO, it b £ 5, @READEX MC-RR
M MC-YR BEAR LU AR 52 5% MC-LR FEFZEL, 3 FheE &R
(MC-LR, MC-RR Fl MC-YR)J SR 2 6] o 25 5

(A) (B)
Q‘Q -~ 10
10 gt 2 6d
iz 2 N S—_ ER Y
<§ g \_\ - \:'\---xh_ri \E;
= LN A .3 8d
S2os0f O S| ogE OO Y
& g NN\ M B
R N, F— g 001 9
E-' \\\ ""“x\\- 8
S o e 2 0.001
0 10 20 30 o2 0 0.2 0.4 0.6
Al Time/d Z/(E+Z)
B 1-12 FERPHSERESI IS O . RO R BE 7K T 4RI B X MC-LR 43

(A)F MC-LR(10mg/L) S H91k(B)I52M(1991 4 8 H 8 H~9 7 6 H)
(5] B Tsuji et al. 1994)
EFEWE: o 5mg/Ml; o 1 mg/mL; A 0.1 mg/mL; A 0.01 mg/mL;
00.005 mg/mL; m0mg/mL. N2 JprifEinzs
Fig. 1-12  (A) Decomposition and (B) isomerization of MC-LR (10 mg/L) by irradiation with
sunlight at various concentrations of water extractable pigment (August 8~September 6, 1991)
(Cited from Tsuji et al. 1994)

Concentrations of pigment:  5mg/mL; o 1 mg/mL; A 0.1 mg/mL; A 0.01 mg/mL; o 0.005 mg/mL;

m 0 mg/mL. Bar, standard error
3. UV 3t MC #2% HE A 57 Al ft 8y & v

Tsuji ZE(1995)BF5E T 44MEU V) MC B M K FHIL RIS . 75 MC 1
RO A B (238 nm., 242 nm 1 254 nm), MC RZ5 548 UV B 1-13),
., 41 238 nm {4 UV B, MC-LR B2E200 1 h, {H4E 1 h LUSH S h
() B SRS P UL (RS A28 5 T 365 nm B9 UV B8 6 h J, 139K 95% LA FIR#E %
RYEREAR . MC (1 UV i SOERER IR 4 254 nm(k 85%~95%)(F) UV
HAGHA, MC-LR £ 147 pW/em® Fl 1360 pW/em® JEfis 192E 3243514 10 min Al
I min, TE 2550 pW/em? Y38 BRI 1-14); MC-RR 55 MC-LR [945
. X FEWT, £E MC BRI KHHEE UV 5 MC R AR VR R 1176
FAEAMF T BRI (Tsuji et al.  1994),
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¢ Concentration/(mg/L)

A 238nm O 242nm O 254nm

0 T T T T T

0 2 4 6
fffE]  Time/h

Kl 1-13 238 nm. 242nm F 254 nm UV JSX MC-LR #43f#(51 H Tsuji et al. 1995)
Fig. 1-13  Decomposition of MC-LR by UV irradiation at 238 nm, 242 nm and 254 nm
(Cited from Tsuji et al. 1995)

10
W 147 pW/em?
g 1 & 424 uW/em?
@ 1360 pW/cm?
6 % A 2550 uW/cm?
[ )

¢ Concentration/(mg/L)

BtE]  Time/min

Kl 1-14 AR GEE RS 254 nm UVEEDT KBRS MC-LR #943f#(51 A Tsuji et al. 1995)
Fig. 1-14 Decomposition of MC-LR by UV light at 254 nm with different intensities
using a germicidal lamp (Cited from Tsuji et al. 1995)

FHAMR G5 B2 (400 pW/em?)) UV(254 nm 5 85%~95%) &5} 30 min, MC-LR
IR SRR . 6(Z)-Adda MC-LR 11 4(Z)-Adda MC-LR(IA 1-15), X 51EME
FETESE T R BHSCREfR A T AN k4h, MC-LR il 6(Z)-Adda MC-LR [1]4% H
() SR ARG AL (AR ) IR ST R 0.2~0.26(] 1-16)
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0 e s
HsC 0
" HN
CH3
-
“ H 1w H
N
o) < o)
H con
H3C CH3
4(2)-Adda MC-LR
 1-15 4(Z)-Adda MC-LR FIZ544 (51 A Tsuji et al. 1995)
Fig. 1-15 Structure of 4(Z)-Adda MC-LR (Cited from Tsuji et al. 1995)
(A) (B)
10 0:LR M:PeakA A :LR-6(Z) 1.0 4 0 LR e:LR-6(Z)

W% Concentration/(mg/L)

I [f) Time/h I 1] Time/h

Kl 1-16  SAME(TAT) BUR ™ MC-LR F1 6(Z)-Adda MC-LR S fb(A) A4 %
B)RETAE{L (51 A Tsuji et al. 1995)
MC-LR #l 6(Z)-Adda MC-LR 435I #5 -} LRl LR-6(Z)
Fig. 1-16 Time-course of (A) isomerization and (B) isomerization ratios of MC-LR and
6(Z)-Adda MC-LR by UV irradiation with Xenon lamp (Cited from Tsuji et al. 1995)
MC-LR and 6(Z)-Adda MC-LR are abbreviated as LR and LR-6(Z), respectively

4. #HEx MC BEMN T W
Mazur 1 Plinski (2001)7E(17+1) °CH/KIE %SG E[40 pmol/(m” - s)] 5414
T, BT AFEZREE®O. 4. 8. 16 124 PSU)XT MC-LR F1 MC-RR F&5E VRIS
D24 MC(0.2 mg/L)E- T KA BG-11 B IR, 285 1 A fbita), 76 fr £ 4
HFH MC S8R EABEZ, 3 MR, MC WKE ST T FEEW kT
. 17 .



[ 60% 447 (& 1-17 FIE 1-18); @24 MC B TR KKt ((UH GF/C 1t
IE)E, MC RYREMREIE FUAE BG-11 JiFRi b 3 i), MC-RR # MC-LR 7331
KWW 18.7% 1 9.5%, X -5 A KK hAAAE B AN TR i o iV E R
x5 @M Microcystis aeruginosa PCC 7820 fl#241(N & MC-LRYfUE 4 MC-LR
BF, 3 RGP A MC-LR 78 BG-11 B3RP )k FE RS TRIIBR LI, X
AT REAE B T 0 S 20 M ) P e R S b S i T MC-LR (YR

120 |
100 - gt
g =
22 =
KE 80 hhE
=] | —1
Eg = Salinity
®mS 60 M 1 [PSU]
®3 = o
=& 40 | B3 4
oo =
s 5 | -
g [116
o | | L[ 124
1 7 21

AfA]  Time/d
B 1-17 EARRFREQ. 4. 8, 16 F124 PSUYSMF T, BG-11 HERih
MC-LR ¥ FFf7454k(5] H Hazur and Plinski 2001)
Fig. 1-17 Changes in MC-LR concentration in BG-11 medium of different salinity
(0, 4, 8, 16, 24 PSU)(Cited from Hazur and Plinski 2001)

1207
100
=1 | L
R g
&K E 80 T - R
E g T Salinity
= 0
= E 40 =l
i m
S .
16
L 124

1 7 14 21
HE  Time/d
P 1-18  7EARRIEREE0. 4. 8. 16 F1 24 PSU)EF T, BG-11 HiF7K
MC-RR ¥ ()72 4k. (5| B Hazur and Plifski 2001)
Fig. 1-18 Changes in MC-RR concentration in BG-11 medium of different salinity
(0, 4, 8, 16, 24 PSU)(Cited from Hazur and Plinski 2001)
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. MC g AL

HEHRN 2R . @RI A RIS R AL EwR i, e 240
PRLF AR Al b F b B F LN RE , Q55 SRR 1 SRR R Hh e ) TS A
FE Fi# i (protein kinase, PK)FIZE M2 I (protein phosphatase, PP/ T F &
T Z AR . SRR RAIRIEE, 7 e T BER L Lo i, Frafy
BRI F5 WL 45 25 Fh 4t P9 2 iy i B (Sewald and Jakubke 2002), 20 tit42 90 4%
B, —LERL2ER LT IRl & 3 MC-LR RE58 U0 i 25 1 IR i 4 775 14 (Honkanen
etal. 1990, MacKintosh et al. 1990, Yoshizawa et al. 1990),

1. % & B B M B )

EBERREG R 3 ANEIE: BRI SR 5% 3L & W5 IR i (phosphotyrosine
residues phosphatase, PTP). WlR fk 22/ 2 5% 75 & 1 W 2 i (phosphoserine and
phosphothreonine residues phosphatase, PPP)F1 Mg* 1< B R 1k 22 /57 52 B % S A
B (Mg -dependent phosphoserine and phosphothreonine residues phosphatase,
PPM). FLAEWINY PPP Kk nl iff—2£43h PP-1, PP-2A PP-2B Fl PP-2C 4 25,
Horpr, PP-1 FEAER T HERICBHAE Y B WAL, PP-2A 1EM THERRILBHEIEN o
W3, PP-2B 7% Ca™ i, PP-2C 7% M VMM IAF, J5 ok &8 PP-3
PP-4, PP-5. PP-6. PP-7 S5 bt (X L424F 2003). PPP f776 A FLAZ A,
Z 5 Z A R (RGN R AR . EIGsE . AR R M
£33 i 45 ] (Cohen 1989, Shenolikar 1994).

MC-LR BEsRZHAMH] PP1 Al PP2A fYI6TE: XJ PP1. PP-2A Fll PP-2B i ICso
4394 0.2 mol/L, 0.2 mol/L FI 200 mol/L(Dawson and Holmes 1999), MC 5 PP-1
Ml PP-2A W45 G bR AR ey, Bl E T ; 28U Mt MC 5 PP-1
il PP-2A TERIEMN 454 (covalent linkage), 73 PP-1 Al PP-2A 1A AI 33 (k2
(MacKintosh et al. 1994, 1995, Craig et al. 1996), MC 5 PP1 Fll PP2A {454 X EEE
1€ (gel filtration) . — % L (trichloroacetic acid) L S AE 1%17) T —Jt FEAT R 41
(SDS)AE IR ZE 100 CHBEF4E ) (Robinson et al. 1991a, Moorhead et al. 1994,
MacKintosh et al. 1995),

X R IR A I IR R R AR B R AR T MC. 15 EK#ERE 2 (nodularin) |
PR UM B2 A2 K FH T3 46 12 (okadaic acid)  BEES (— 7l i) P2 A OB
(cantharidin) . 762 3% B2 140 7= A AL 201 40175963 2R (calyculin A)F i —Fp B 1 7= 4
(1) B AR 75 2 (tautomycin) AR REA il 25 1 BB 1% 15 14 (Honkanen et al. 1994), fiF
BRI B A BER B A5 H O~ H B AT S OhRE, P Re R EEd by FE v
IXSETEGAS by R ik 255 2R 1 B ity H AR(MacKintosh et al. 1995),
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2. MC-LR #1 PP-1 & &4 th & k45 4y

HAE '"H NMR %4041, MC-LR 4 — 8B4, Adda R EEMIEE 5 H 1 1
J& (Bagu et al. 1995), MC-LR ] H F1¥ I NMR %5#J(free solution NMR structure)
55 H[A] PP-1 I 2565 B X SR A4 (X-ray crystal structure)fEF4 (conformation)
EERARFEZERE 1-19), MASIEZRAITREZERMSD) A 0.65 A, &Y
MC-LR 5 PP-1 JM a5 5 R RS TIL A it 5, XAl AEZ MC-LR Xf PP-1 H
A =525 M1 1 (high affinity) ) 5522 5 K (Bagu et al. 1997).

& 1-19 A HER MC-LR FI454 1Ak MC-LR 7KK R A (51 A Bagu et al. 1997)
MC-LR (/MY A B NMR M ILLEF30R, A RMRSHMEGARR. MEEEN, SFEFHREH
Fig. 1-19  Stereo view of comparison between the free solution microcystin-LR and bound crystal
microcystin-LR (Cited from Bagu et al. 1997)

The free average minimized NMR structure of microcystin-LR is red, and the bound crystal structure is in blue. For clarity,

neither structure has hydrogen atoms

Kl 1-20 MC-LR 1 PP-1c fAZEHE A WIHIEIKEILR (5] B Bagu et al. 1997)
PP-1c T FR, g4 m MC RT3 628 (Mdha 58321 A F0R)

Fig. 1-20  Overall view of the microcystin-LR and PP-1c crystal structure complex (Cited
from Bagu et al. 1997)

PP-1c atoms are in blue, and bound microcystins atoms are in yellow with the exception of the Mdha residue,

which is in red
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MC-LR F PP-1 254 I SARZEHI NP 1-20 fif/R . MC-LR 1 Mdha 5 PP-1 ()
Cys-273 MM 454, MC-LR 730 FARXTEIRAE PP-1 ZHr, X 5 NIEAT Theonella
swinhoei 1 N4> B H ) —FPF5 A motuporin(i¥, nodularin-V)BH i A A, J5 & #) Mdha
5% FETE motuporin Fll PP-1 &5 WK 10 %€ i (Bagu et al. 1997).

3.MC 5 PP-1 94 &1L &

MC-LR F) 7 R IEBRIRIE R« BHEFERAR-BHF IE KA MR (Masp) . L-H5 4R |
Adda, vy JE#AR D-2 M . Mdha, D-NZRA L2 2R . MC-LR HATUR[E Y
#JE (rigid saddle-shaped)y&22, MY PP-1 ZHMsiK . &1 ML p e
BT AIEAHELS . XUEERAUTE T Adda, Masp fil Glu #%3E, 1fif Mdha S k3t
Hr 45 4 (secondary covalent linkage) T 2475 ; [ 4 B 7K 1 (hydrophobicity) 7] BE J&
MC-LR F1 PP-1 Z5&WwIsh)1, Adda FRIERTRE R e ook LR E 284
(anchoring)fE PP-1 FZ5A 07 by HAh S Sif/E H A5% 5L Masp F1 Glu 7655 #
I D Zﬂ%ﬁ‘%é’]i&%ﬁﬁ? 5 PP-1 _FARIEHLIY Arg 454 &Jm, FERIHIVE
25 B R M 4 A RS (37 8 e i AR T () A T 2 56 R Mdha 5
Cys™” Z [l 3E4/ 4 (Bagu et al. 1997).

(A) N _6<L
u‘
,c—n \imou

& 1-21 (A) FRIR 7 Bk MC-LR #4943 F-45 4= F1(B) MC-LR 7E
PP-1 {& MBI AR (5] H Goldberg et al. 1995)

MC-LR 3 FHAEA R R R TR A Tt . BRI TR E, RIRTREG, FRT N6, FHEMprtElnEn
JFRT 8, AIREST M1 A M2 @RS T WL, W2 R W3ELE)ERIERR, Cys™ i Bl PG
FRo MC-LR BR300 i e E B 6 1% S (NMR)WLZE B 9 285 1R A 81
Fig. 1-21 (A) Structural formula of the cyclic heptapeptide molecule, and (B) Stereo view of
microcystin-LR at the active site of PP-1 (Cited from Goldberg et al. 1995)

The microcystin molecule is colour-coded according to atom type: carbon, green; nitrogen, blue; oxygen, red. Main-chain
and selected side-chain protein atoms are in brown; metal ions M1 and M2 (white) and waters W1, W2 and W3 (red) are
drawn as spheres; the gamma-sulphur atom of Cys *” is yellow. The overall conformation of the microcystin is very

similar to that observed in solution by NMR
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ME 1-21 AT L, MC 5 PP-1 R 3 MLEHI T4 S RG0S Bk
TR R AR G P 5 C SRS 4312% . Mdha MBS R B B JFF-15 PP-1 1) Cys *7
TSI, o BN D-BFRAFRMEERIEAERIT R E T 5K T(W1
W3IBS AE, Masp MIBERIIRIES Arg® M Tyr "R, HiKIY Adda 5%
FEABRAE t— LB K AR A A RS, LA PR IE A, T Tyr™ > B Fi T (Bagu
et al. 1997),

MC Fl PP 2 [i] (i SL A 455 7T RE 5 BUR R A TE S 5 ¢ Bagu Z5(1997 )4l ,
MC-LR Jfaf it = 85098 7% (carcinogenic), &R HEHF1 Mdha 5%3t5 PP-1 #lI
PP-2A JEI T AN G . ITTABERF S HAD RS FIE UG ¥ (adduct); TANREIE
W25 G A9 motuporin 1717 R i 85  (nodularin) A] B8 BA 2o, HHSEH TR
Mdha 5RHE R 5 PP 2545t Al RE iR 25 5 FA {5 B K 73 1 R A% 3L B B2
a0

4. MC Gty ok A2 st HF B %

— UL, H RIS PR A R AR R BRI, BR-S2 A B BA 42
F| 2 XF (Sewald and Jakubke 2002), Adda HIEEATEAR KT MC BYEEPE T KT %,
B, 24 Adda FRIEHH Co RS SR E A RIAS g Z FRIRT , Bt R KRR :
X} IR R B 1Cso 241 100 £%(Nishiwaki-Matsushima et al. 1992), % /IN 1 B i
47 MC-LR #l MC-RR 1§ LDso {E43 K20 50 pg/kg BW Fil 600 pg/kg BW
(Krishnamurthy et al. 1986, Watanabe et al. 1988), i35 HIUM S K(Z #5Y)st,
ik 1.2 mg/kg BW (U5 #RR H U #EME (Harada et al. 1990a).

Tsuji Z5(1995)IBF 5 L F M, MC-LR 5H FHMH K 6(Z)-Adda MC-LR #iI
4(Z)-Adda MC-LR W8tk 2E R E K WA SEA AR BAIE s i 9 Fl it ik 1.5 mg/ke,
WP RFEEE, AT PP-2A BMRIVE T EAE 10° (3 1-5).

% 1-5 MC-LR BJLA R LDso(BERZ TS/ B BR) A R Xt 5 BBk ERES 2A BOHD I35 5L
Table 1-5 LDso (i-p., mouse), inhibition effect on protein phosphatase 2A
of geometrical isomers of MC-LR

# % Toxin LDs /(ng/kg) ICso /(ng/L)
MC-LR 50 50
6(Z)-Adda MC-LR — 5x10°
4(Z)-Adda MC-LR — 5 x10°

#FEEIA 1.5 mg/kg AR EFMEGIH Tsuji et al. 1995)
*No toxicity at concentration up to 1.5 mg/kg (Cited from Tsuji et al. 1995)

IR A AP AS PP-1 FI PP-2A AR S 8CHFIE GPT(AS 1A #5 =
glutamic pyruvic transaminase)[] L A BEEEE, 6(Z)-Adda MC-LR Fl MC-RR
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1Y 6(E)-Adda MC-LR F1 MC-RR 9 1/10~1/100(Nishiwaki-Matsushima et al.1992).

AL, Glu 58 5E ) B ¥R R (carboxilic acid)Xf MC AR 2 6 E S, %A
8 A ] 3 7 T 25 5 BUIE 1 5€ 42 % 2% (Dawson and Holmes 1999) . Hl Z i %
(ethanethiol)if Jit MC-YR ] Mdha 5%%&, BH1ET Mdha 5855 PP-1 AN 254,
fif MC-YR XJHPA: 7Y PP-1 () ICso [EIGIN T 5 53R 1-6).

LA MC 2351, Choi 25:(1993) M Microcystis sp.743 55 H MC £
Z KA (precursor), & BEENE{ FF#3S 1 mg/kg BW B3, toRxd/NA U=k
Ak,

MC A7 L L5 A AR X B T 52, 4 Adda flEE 1) CO Ab i H 564k
X MC I#EE L BAT 520 s MC-LR B9 LA SEA AR [MC-LR H (] AR S LR A
PR (arginine)# N 24 X (alanine) . 7 2 (methionine) . 7N Z 2 (phenylalanine) ,
5L AR (leucine) 1 51 22 2 2 (homoserine) Ir U | Z B Y BEME L JCIH B 25 5, iX A
Arg BT LR MC X PP-1 1 1Cs0 {(0.06~0.4 nmol/L)5 MC-LR ) ICso {8 14>
A5 2ESE (Crag et al. 1993, Dawson and Holmes 1999),

I BRIR 25 A8 1) kS B REXT MC 1 FEME ™ A2 5200 . ] Ala. Ser Al Leu 46t
PP-1 H1i Cys®” Al 4R MC-LR 5 PP-1 f3E# %4, {ff MC-LR %} PP-1 ffY ICso
(BN 10~20 1% Wi Phe Bt Tur’” 2 Ala Bt Ser™® NIt 1Cso fEICH ML,
FEMAAN R (F 1-6).

* 1-6 MC XEERFRTE PP-1 AT AMMNE ., S MR PP-1 HIIREH
0.05 nmol/L, [Cso 3% E 50%30 &l B HYiR B
Table 1-6 Inhibition of wild-type and mutant forms of the protein phosphatase-1
catalytic subunit by MC. The concentration of PP1 in each assay was
0.05 nmol/L, and ICsq is the concentration required for 50% inhibition

1Cs¢/(nmol/L)
PP-1 fJJEA  Form of PP-1
MC-LR MC-YR ETMC-YR
7 A= 7Y Wild type 0.2 0.2 0.9
Ser’® — Ala 0.1
Tyr’”? — Phe 0.2
Cys?” — Ala 4.0
Cys”” — Leu 4.0 3.0 4.0
Cys”” — Ser 2.2

(51 B MacKintosh et al. 1995)(Cited from MacKintosh et al. 1995)
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FE PR MC MERSKEUEA

H T MC 2045 TR N S A SURES B RSSO . LA, B
WEE . MREE . Iy . WiES)H, HEEIK, FTXEEf T b (e . gifth)s
AREMATIIHTINAE o 8 LG [T (RIS o0 B o ik F B S MC
PURIETR AT, ZBRAet, IRl MC 1530040

W LA T, 76 G 1Al b /N8 22 06 AT RE 4 [ BE 8 16 T >k 1% JH il 56 o
(matrix substance) T 55 M TCTEHER ok, WRFERIEARE SEE TR I/, o]
AEfi 8 R MR BRI Al 5 X BEAS A R P Y K AR A 1) 07 3 (screening) T I U
(monitoring) et N Lt KA A el A W ITA (bioassay ) L RE R 15 2 A 45
A BRI SR (e . RoeshYS) b s R o, KAeBUrk i
T4 (Harada et al. 1999).

—. SRR MC AR

SR MC T FEE AR KRBT 43 A AL )B[98R 43 8 R TR 2K B
1. BREGE)K

T, OFVERIRA RS 42T B MC A JRO)IRBUH K . A T i s 414]
H MC RERSAR PRI BRSBTSk sh 23R T e - TS ok i, Bt
SEREIEAT AT . VIR SR Ab B

B s 4 MC 2BUAFI E245 . O 70%~100%H % ; @ 1F THE
B - K : 4215, VIVIV); {84 FH 5% 20%BEBK TR . BRALH (1% = 2
BR)EAT R (R 2-1)0 — AR, WRPESR AT FICUN S%BEER) REAT RO 25 B 7
BRI MC, [HXTHZK) MC BUAEIGACRI 2 ;. IR i T, AR
BeR R, WAL R RE PR e, (Al R BT BEXH R P MC AR BUeR
2%, TRIATE FRAN I 7K OR e AfX — 559 45 (Harada et al. 1999), —AEAERGE
FE PR Bh i — Loy R A . R . SO A BGOR (3 2-1).

2. BRAH

— B CBGIIEER ZAEY), ARSE MC HIASOR . TR PR A5 2R
EREEARE— U MESE 208, IR SR A T AR B (S U8 0 B (3 2-1).
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A SEIY HAE E M ZE B (crude extract) P MC &, 28 & I BERR A
il (PPIA)(Sahin et al. 1996, Williams et al. 1997a, b, ¢, Prepas et al. 1997,
Malbrouck et al. 2003, 2004a, b, Li et al. 2004), {#H75{# FH LC-MS(Pires et al. 2004,
Moreno et al. 2005)5Y, HPLC 7%:(Zurawell et al. 1999).

B ARG, WA ATOR PBREIRMC)Sh, i & R m b
PEBTRIAARET, THE MC IUERE ST, I, — ol o i Sop A O e —
B R AR (— R A ZEER) S A TN E o A RO S A T RAHAE G /T,
TBRERETEAET, B ik MC PFHAC IO TR AR I K H B2 O 5 45
B3 MO EERG, FRRCkIZE, REER (Magalhdes et al. 2001, Carmichael et al.
2001, Azevedo et al. 2002, Soares et al. 2004, Ibelings et al. 2005),

— BRI MC AR —— AR A I

AR TR AR B AR RS A RS 2 [ AR K T s AR, RO IEAH
1i%(normal phase chromatography, NPC); il 24 [ % M/ N F i sl A, FRR
FH 1% (reversed phase chromatography, RPC). 1FAH (@ i AR Hi s w1 il A ] i 7=
A PRI B0 7] R R 58R 553 ) 2 S T 4325, T SR €0 1 PR A RSBt /K P FR) AR Tl i
A B BT AR 5 [ A =2 18] 43 e 2R 000 22 S 4325 (0l A FIA R A% 2001).

[EFHZEEUF(solid phase extraction, SPE)J/rE R R AHAYLERRMEA LAY HEN S
HPLC ZRI(s e 455 2003), SPE B FSAHEA N Cig KD SPE fe s HIRHE RIS
—E(UN 0.5~5 Q) IURRRAEZRAL T HRHE AT , #08 SPE /)MHE(SPE cartridge).

afifl, MC By [EIAHAEHR 25 PRI (SR 2-2): B SPE #EJr ik (Z i I M
1 Ci3 /ME ODS cartridge) F12H-4 SPE - 5 [— e Sofi A Cis /MR, FHEE
FHIEAR O RE S /N (silica gel cartridge)]. ZENMEEZ T, RS 1k (conditioning),
HHMRER T B E/IMERE AR AT RN S 40T, DA RN A A O e A 55
2003). 4N, 7E ODS /IMEHIMAKUMEFERIAFR R B, SRR AL, FHKH
FH % B 0 (Xiie et al. 2004).,

RV TR0 1A B A X ] A 2 BB b 2% o 19 96 4% (rinse) AT E Ak & P O 6 K (elute)
PR E L SN B, RPERER (B FIURIEH K LL 2003), H
PRV 1947 L BRI S (20°C) : - 1 Z6E(1.88)<Hf 45 (2.02)< WU S AL ik
(24)<HK(2.3)<H K (2.4)< LIk (4.3)<HE i (4.8)< LR LTE(6.0)< LR (6.2)<I1E T M
(17.5)<1E AEE(20.3)<N il (20.7)< T (24.6) < BE(32.7)< 2 (37.5)</K (78.5)(F- it
Bk 2000).

KA AL E T, XA Z20mbs MC Frig i iR AR R, (HR
ZHAE 50%~80%(F 2-3).
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%k 2-2 BFARRE/NMERINEREIH 2
Table 2-2 The recoveries of the different kinds of cartridges

/IVHE Cartridges UG MC P Recovery(100%)
Added MC(pg) MC-RR MC-LR

FRME4E fLAR/ M Alumina A MC-LR: 12.6 - 0.70

FEIRAE Silica gel (2g) MC-LR: 7.10 - 69.3

Plus fil /oAt 3 MC-LR: 7.10 - 96.5

Plus silica gel (0.69g) tandem

Plus fEMCHE MC-LR: 6.21 - 56.3+4.9

Plus silica gel (0.69g)

BH 2 54 - SR I B A MC-RR: 11.4 57.5£2.5 66.0£0.3

Oasis MCX (0.5g) MC-LR: 3.10

BRI A R /T MC-RR: 11.4 91.5+4.9 75.043.2

ODS (5g) MC-LR: 3.10

K-SR A SORH I AT MC-RR: 11.4 94.143.0 97.240.7

Oasis HLB (0.5g) MC-LR: 3.10

TR H3 352 plus FER/IEE MC-RR: 11.4 100.240.6 98.9+0.2

Silica gel (2g)/plus silica gel (0.69g) tandem MC-LR: 3.10

— F8{UH T MC-LR means only used MC-LR
(51 A Xie and Park 2007) (Cited from Xie and Park 2007)

1. # SPE # ¥ i
ODS #

16 MC R AHZE B, 2 AH SPE K ODS /MERY I & )12 (36 2-3), %
BGSFRUNT KR 2 O /K S O AE 16 ALt 1 Crg /DT |, fF MC Al
7 E A, B SRR VA ] (10%~30% F s, 53550 5 FHZK AL 209% F )ik 4%
DAT R 2 — LK T30, SRS, TSRS 711 (80%~100% H BE) BE MG AL A MC.
TEZ B 58 ThoRe X Bl i SORE SPE AR 26 B 31 1 % MC ¥ K B 4% | HPLC #17
M
HLB #

WA —Fh SPE MR AR AWIER, W ZMHE-N- I e 3L 5 4, 3
BURMEA KM, XA ENRYE, B AhA Oasis HLB, HLB & 4 3E/K-2E -
(hydrophilic-lipophilic balance)(#& & /=45 2003). Hilborn %5(2005)F HLB /M4l
ML ) MC.

REFEMEEE

Kondo %%(1996) % & T 1 MC-LR 195 5 [ 1 4K (anti-MC-LR  monoclonal
antibody) 1 TSR L AL 5%, FFAREARCIERR T /N BRURITR 1 B4 i
M2, TTAE MC ) (50 BB A2 s gl A I o () 2-1)
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(A) (B)  MC-RR

MC-LR
MC-LR
I T T I T T
0 10 20 0 10 20
A 8] Time/min A E] Time/min

Bl 2-1 SIS T S pg MC-RR I MC-LR (/)N BRUFFAH I AL IR HPLC (43 ]
(51 H Kondo et al. 1996)

(A) Gt HVsTE | SRR CE AR L ODS HE4iAb /S 2RI s (B) i S R Ak e — AP 4li b= i A BOR
Fig. 2-1 HPLC profiles of a cytosol extract from mouse liver spiked with 5 ng each of MC-RR and
MC-LR (Cited from Kondo et al. 1996)

(A) Extract after heat-denaturation, pronase digestion, and ODS silica gel cleanup; (B) Extract after further

immunoaffinity purification
2. A4 SPE 77 %

(1) ODS #+EERHE

Tsuji Z5(1994) 76 5 fdi Fl SPE AEAYSERH -, #5774 ODS MEFIRE A4 A
EAAE I, IESCREA SO R 2K P 94T . MR Y A R T
100% H EEH 5 MC R, INERERS/ME T, 100% F BRI AR 5 — LB AR T
PEZRIT, P AR T 5 A5 71 (709 HY BRI FEE MC. Watanabe 25(1997) 2
Je R ) — BRI SR I F I VRN E T ZFK A SR ) MC 5 2 (& 2-2). (HIEX
— 5 R DR A AR 55 (60%~70%) (% 2-4).

(A) I ODS HEHHTHE 1 tkiffbfs  (B) MIREMCALHEA T4 2 UiHib)n

After the first clean-up with After the second clean-up with
ODS silica gel silica gel
[ t LR
.-.J \A ( h\ A \
r' i i | B
N R AN W
0 5 10 15 min 0 5 10 15 min

22 [BRITSER IR PR ODS AEHEATHS 1 YA (A)FIFIRE AL HEA 75 2 tkigik
(B)AY HPLC 3% & (R 4 238 nm)(5| H Watanabe et al. 1997)
Fig. 2-2 High performance liquid chromatograms monitored at 238 nm and measured for the
hepatopancreas of the freshwater mussel Unio douglasiae after the first clean-up with ODS
silica gel (A) and the second clean-up with silica gel (B) (Cited from Watanabe et al. 1997)
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(2) HLB + ERXHE/plus BERAE

Xie Fl Park(2007 )i 1 FLHAS AN ]/ INEE A AR [ ISR (36 2-2), #5776 HLB
FERIRE AT /plus fif KA (silica gel/plus silica gel tandem cartridge)ZH & E e (# FH )
th, AALAEA SRR 2 2SR IO AR (] 2-3) 1] ELELZH 1A MC s [l AR
(3 2-4).

(A) B)
MC-RR
MC-LR
_
| | é le
(=] w) — —

{5-F4 5} 6] Retention time/min

Bl2-3 7R 238 nm ARG BB i JBONERAE b Y MC-RR A1 MC-LR H i 0RO (35 1
(A) BIZ HLB WHL)5 ;s (B) TR /plus fEBATAEALIS (71 A Xie and Park 2007)

Fig. 2-3  High performance liquid chromatograms monitored at 238 nm and MC-RR and MC-LR

{4 5[] Retention time/min

measured for the spiked blood of sliver carp after the first clean-up with HLB(A) and the second
clean-up with silica gel/plus silica gel tandem cartridges (B) (Cited from Xie and Park 2007)

% 2-4 ZHYELMER MC B ZRAI LR
Table 2-4 A comparison of MC recovery in animal tissues spiked with standard MC

Fhe R Tk 95 1 kil 95 2 il WsE  [EC%E Recovery/%  SCHK

Sample type  MC spiked/(nug/g) First clean-up  Second clean-up  Detection ~ Mean (range)+SD  Reference
TR 5 No No LC-MS MC-LR: Pires et al.
Freeze-dried 50(44~56)+4.2 2004
mussel
IR THE 0335 CistE No HPLC-PDA MC-LR : 68 Ibelings et
Lyophilized fish C,3 Column N=6 al. 2005
liver
R TR 0.335 CigkE No HPLC-PDA MC-LR : 79 Ibelings et
Lyophilized Ci3 Column al. 2005
mussel
HHLANE. . 05 Cighk TEBCHE HPLC-UV  MC-LR : Chen et
L) FAE Ci3 Column  Silica gel 71(62~87) al. 2006
Lyophilized fish cartridge MC-RR :
liver, kidney and 63(47~82)
muscle N=15
LA HLB REMCHI B plus HPLC-PDA JJLJA Muscle Xie and
JEL I, ) T i/ IVEE MC-LR : 89.3+0.1  Park 2007
T Silica gel/ plus MC-RR : 88.5+0.8
Lyophilized fish silica gel tandem FFIE Liver
muscle, liver, MC-LR :91.5%1.4
blood and MC-RR : 88.5+2.3
kidney [fiL ¥ Blood
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FheR T %1 Wk %2 Wik WE 1A Recovery/%  3CHk
Sample type  MC spiked/(nug/g) First clean-up  Second clean-up  Detection ~ Mean (range)+SD  Reference
MC-LR : 85.8+1.6
MC-RR : 83.5£1.9
B IF Kidney
MC-LR: 97.5+1.2
MC-RR: 95.5+1.4
HIFIERGE  0.5~3 No No HPLC-PDA JHJE Liver Moreno et
fif A LC/ESUMS (RSD 5~16) al. 2005
Fresh fish liver MC-LR: 87~99
and intestine MC-RR: 95~105
MC-YR: 72~104
718 Intestine
(RSD 11~18)
MC-LR: 68~73
MC-RR: 71~85
MC-YR: 69~76
N=5
R 0.1~0.5 IAC /MEE No HPLC-UV MC-LR: 81 (68~91) Lawrence
Fresh fish IAC Cartridge MC-RR:73 (62~99) and
MC-YR: 79 (71~93) Menard
MC-LA: 77 (65~87) 2001
N=8
fiiiiatizes 1 Cig/ME No HPLC-PDA HPLC Ernst et
Fresh fish liver 10 C,g Cartridge Anti-Adda- MC-LR: nd al. 2005
100 ELISA 44£10.0
PPIA 81+ 6.8
Anti-Adda-ELISA
MC-LR: 3+ 1.3
58+10.7
68+1.8
PPIA
MC-LR: nd
101£25.8
93+ 28.0
N=3~4
AL BERE 0.5,1.0 Cig/ME No HPLC-UV MC-RR: >80 Cazenave
Fresh fish C, Cartridge et al. 2005
muscle
KREABAFFE  0.15,1,10 MSPD #Hl  No LC/ES/MS  JIFJJE Liver Ruiz et al.
L MSPD MC-LR: 40.5~67.0 2005
Fresh rat liver extraction MC-RR: 40.5~62.5
and kidney MC-YR: 45.5~87.0

B ) Kidney

MC-LR: 57.0~74.5
MC-RR: 54.5~60.5
MC-YR: 52.5~59.0

nd: KA H not detectable
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= RN MC &&= PTHEA

1. 438 Ak AR 3k

YRR MC % AR 512 Shy v 8O AH €033 5 (high - performance
liquid chromatography, HPLC). ItAMAA Btk H(liquid chromatography/mass
spectrometry, LC/MS).
(1) HPLC

HPLC J2& 20 28 60 K& ARk i —Fh s 2 HEor & A BoR , SRRk
53 AT SRR G B 2% DS AT (R PR BRI 5 um) . RIS AR BRS¢
s REBERRINES , B BRaeE . A B . A R U = SRR KR
{FIPEE 5 2002, BEIEAESE 2003)

£ HPLC W43 i, KRG A, BRI s AR v 5L A1
SEEEA BRI A EAR . 20 B A0 SR LRI T A A [ AR AN R Sl A ]
orBC; AR, 3 R G0 AR e AR AEAE MR S AR R, PO IEAR (B35
(normal-phase chromatography, NPC), S22, FHAEHR P [ e A FIAR 143 sl AR 4 B
1% R G R R A €675 (reverse-phase  chromatography, RPC), Je Al HPLC  H
RP-HPLC 5§, RPC 45 (B 4= 55 2003),

TE HPLC Ji W FES Al b, e R IN 252 22U V)R &5, I —
JBER FH AT A K (43661 5 — A% & K431 (photo-diode array, PDA)FGN#S .

1) HPLC-UV

SHMGIIARAE MC Rl b iz B 1z o S MRS 2 A 6 5 H LT
TAREA 190~400 nmo RZAL MC 7 238 nm J AR H BRI g, iii— 2875
I EILRAY MCUNF AT (2R A MC-LW)ZEEMRAIE K 222 nm Ab B K%
Wl (Lawton et al. 1994, 1995), KR EESMGIN #5152 7RI K A0 X HPLC
TP TR . (HR, RS AR E R A AL S A T REAE R PR A AT IR
W, DR, MOEPEHBFIRTRRD MC R ESAA7ERY M BT, HPLC B9 255 Hie
UL E MMEE s W T HPLC MO TOR B B ) A8, X MC B9 SR, 7%
CL VR B A PR MR i (CH 2R 3t R e PR AL T 8 2 1945 B )(Nicholson and Burch
2001), T MC HAG I IR 2 i (absorption coefficient)(Watanabe et al. 1988,
Harada et al. 1990), HTM7EA 238 nm A A TRzl B HAT ARG R, X HERE
R A TR MC AR AL A5 35 5. MC ¥ & (Nicholson and Burch 2001).
AiiEFE N, RS R USRI RS it dh, ERE MC — gl kIt
TE 238 nm P EAL A RS, DATTSZ I 22 25 2R (Ikawa et al. 1999), HITE
FH HPLC M MC B, Ik oo ff P SURL 2 25 sl 8 75 i A HSE FPE(Nicholson
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and Burch 2001),

2) HPLC-PDA

PDA Hill#7E MC #aill i iz FHts 1438 o 71 PDA RS, AIFE—IX
HREE, [RIERAEA R T B aib &, PRI A1) 3 1L P e A I i R (e A= 55
2003). {HJEiE FHiZ R XA E MC RE IRAEH B IR, A KZ8 MC 1
FRRICHEA T 238 nm,  ALDECE A AR MC 78 222 nm HA AR K
Wl XTERA R 70 28 MC ki, BUFEIS A i) BR A v — 1 2 16 2
(definite spectral library), Xt/ H i X —Jr A AR A MC 5K i BRI H 2=
(Harada et al. 1999),

B AR BT R——F BB Ao b BB

LAY HPLC 43#{d F S A C g FEREAE (reverse-phase Cg silica column), f&# F—
FE HLBK AR AR BEGA T BT shiAHIE 758 B Vi (Isocratic elution)(Watanabe
et al. 1997, Yokoyama and Park 2002, 2003, Ozawa et al. 2003, Xie et al. 2004), TES5E
Ve, st R EEAUK A LBl —BER 58 42(Yokoyama and Park 2002, 2003,
Ozawa et al. 2003, Xie et al. 2004, 2005)z¥, 56 : 44(Watanabe et al. 1997)

A ZRRE S ) A AT (e P RE FE Ve I (gradient elution): BIEAG BHFMa PRI FAS
(AR, FE5r Bl R rp i — E P i S U, DARSR U sl AH A TC e A
Peo TERBREVEIR Y, fe FIRR ZOT R R SE(A Al B), Jrhsiia sl B i)y
W A T AR I GRS 2002), ZEAREEVEBL AR, T B %
P el ), A SRR B BT LU ITERR BE DR R rh g D Hg i, DR BR i 1Y)
0 Y7 A R S = R N 4 W RARN N S S Nl = v £l | LS S S i
B (R HESE 2003)

TE MC BRI A, A LEpfF 5 (] T 46 B2 (] 2-4)(Chen et al. 2005, Chen and
Xie 2005a, b, Ernst et al. 2005), LEE/KIE R B LN 50% (V1 V)B4 5 5]
70%(VIV), LA MC-LR .MC-YR #l MC-RR(Chen et al. 2005, Chen and Xie 2005a,
b)o AN, BTEAAEE I HO A AT LA 5 A 6 AR S T LAS I AR P 72 A AR R B 45 Ao
MC(Harada et al. 1999),

#EhAR pH 49 IR Y

MC R, M2 HER T 2435 (—NHy) MR HE(—COOH) A A7 11 4 B
FRPEmRE, PRI MC AEEAN R R YRR BRI . 40, MC-LR A P g R
AR 2L, MR B 2R I e B, 3X 3 AT A pK, [
B4 2.09, 2.19 1 12.48(Chang 1981). 4 pH ST EWIH) pK I, b5
YIRS s 18 pKat1.5 BEEIN, ALEYTE @A Er9PREE K+ k Bl pH #9280
AL, EE M pH EH, L EYSE SR s, K BE pH 7R AIR N, PRI,
S AL G YA, SO SIARR pH, FTHEHIRR | 5sctth 54 00 (i 04 (] i R 5
MRS, pH X & fsZmEL/ N EA= 55 2003).
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mabs
.
! MC-RR !
O
H H H MCLR
Hepatopancreas
Gonad __- -
—
| | | : —
L Tl el et B Ay ~177=*"""Digestive tracts
[ T i S

5 10 15 20 rairy

P 2-4  FikE MC-LR Fll MC-RR DL J% 2003 4£ 6 H M HLIIRAE AR EB A8 1 |

JHFBRAR AN AR A T 35 15 EL A (51 A Chen et al. 2005)
KR P I F RS EEAE 25 min HP 50% (V7 V) BRI 70%(V/V), iR 1 mL/min

Fig. 2-4 A comparison of the chromatograms (monitored at 238 nm) of the standard MC-LR
and MC-RR, the extracts of digestive tracts, hepatopancreas and gonad of the snail Bellamya

aeruginosa collected from Lake Chaohu in June 2003 (Cited from Chen et al. 2005)

A gradient starting at 50% (V/V) aqueous methanol with TFA was increased to 70% (V/V)

in 25 min at a flow rate of 1 mL/min

TSR Si—C R AFUE MR pH>9 B, WA R ERG), AR
5 pH REPEHITE 2~8(XIERRFIAIERE 2001). Kk, 7EXF MC () HPLC 434, Xl
FEAH pH T, HRETENFRPRIEN) pK, Mk . fEC AR, lE S e s
A FBHIA 0.05 mol/L (MRS 1 (Phosphate buffer)f$ pH TS 3 247
(Yokoyama and Park 2002, 2003, Ozawa et al. 2003, Xie et al. 2004, 2005), BIIA
0.05%H) =3 LFR(TFA)(Watanabe et al. 1997, Chen et al. 2005, Chen and Xie 2005a, b).

M ROAR GRS, SRR BRI [ AR AR, BRI AR KR 2H A3
FEUEBL(TR B R /D) , AR A/ N 0 T i (k ) fieJ £ 238 nm = 200~300 nm
(ffi ] PDA Feril i) isz K IS 4R #5041 (Harada et al. 1999).
(2) LCIMS

JERE R AEITAS RGO T AR A RS B T i A R B
A, AT TGRS R T R O e A 5E 2003) A — i HLAS R GE . ERE
RY . B BT A TSN SRR A R G (AR ) AR Xl
R FIAIERE 2001) o FH—E B IR S i A8 A S X TRV G,
WEIRTE S b Bz T 2 Mk, Bk i+ 2+ (molecular ion) 23k —2
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R, AR AR T (fragment ion); JRIETAFTIRAG(E B B 1A SR RO L
SREE, 3 E DL Y B SO LT FL B LUAE (BT L, m/z) WA R, s
IAAR BRI BT HE [#] (mass spectrum)

FA Y 5 % 5 ok B 7 2% ik (electron impact, EI) Fll4k 2% 2 71k (chemical
ionization, CDF A, i H HEENE X0 F i 500 LU /Ny T &9; 5k
H B R 725 5 B 1% 9 (fast atom bombardment mass spectrometry, FABMS), 3l
B BT AR I (Ui ) 3% o5 DA H W R S B AR A s TR, 7 AR Ak
S FIMAH] A TR, AT HrARX o0 B iR 8 T2 K Japske, Hhamifp
Jo T B AR ——35 5 A B OGBS 746 BT i 75 (matrix-assisted laser desorption
ionization mass spectrometry, MALDI-MS)FI 15 55 25 1 JiT 1% 1 (electrospray
ionization mass spectrometry, ESI-MS), MALDI #] i FAH X 43 F 5 & = ik 5+
R E B BRI E , IR TIR S o M Es /I o EST T 8 2 Ha fof 2
5, WOT R RS, AR B A b s A R AR S, g HPLC
s B AN UK (CE) 5 RS I I i — R 42 L HR s i T MALDI Fl ESI ()
HEL, i =& W) CATHT ] BT Y (time-of-flight mass spectrometer, TOFMS)
T2 TR A, IS, BT BGon trap) itk A A BT —FUHY ES T BF BT (X (lon
trap mass spectrometry, ITMS) I {8 B A8 $u 29  [\] i e P& 7 3% {2 (Fourier
transform ion cyclotron resonance mass spectrometry, FTMS)&5#r— 05X (%
Je A4 2003).

—J7 T8, HPLC W] 43 & M6 Wi s B A A5 (GO R, A G4
ARRE . MRS FE; S—TH, A GC HATR M AR 4 35K
Re, 24 HPLC {5AHIE W4t Kt HPLC ik n] GeAL & AR B sy, T2l
R HRERNE, BT EAE-BOSELCMS)ERTZEM; LC 5
MS 4 1 32 KSR B 7468 11 (AP interface), 4% APCI. APPI Hl ESI,
17 oA 422 1 A 25 (thermospray, TSP). FAB. LSIMS 1 LC R4 1 3AE )
/b . B (particle beam)d% R ] EI A C1 & T8, HBEHI T/ FIF52 )
PRI EAER RE A BR ) (e A2 25 2003)

iz LC/MS Xtahias B MC RENR A AIRZ, filn, F Frit-Fab
LC/MS i T — AR g (B TR ) IR 9 3 Flh MC(MC-RR, MC-LR,
MC-YR)F{J{#1E(Watanabe et al. 1997), il ESI LC/MS #fi7E T fi25(Xie et al. 2004,
2005). 1225(Chen et al. 2005)HIFZ5(Chen and Xie 2005a)4Fh#% B o MC FIFELE.
UIARYE B TR (3% K] (total ion chromatogram) . JFifnf Hb m/z=520 &b A% ik L %
[M+2H]*" 520 FORFHERE R W AOAEAE, T AHEIRRIS A SRR MC-RR, [RJEEA] LA
Mg B YR F MC-LR( 2-5)

FESHPIPRIN MC B2 AN, LC/MS A9J FE A &% HPLC Al ELISA |72,
AR A T IRA 5T i ARZEARX SR MC &= e e, Frfl ey
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T ASUELHE = VUM AT % (Y (triple quadrupole mass spectrometer)(Pires et al. 2004)
FHEE M55 B8 FAE % (Y. ESI-MS(Moreno et al. 2005, Ruiz et al. 2005), #xiT, Chen
4:(2006)[F IS HPLC-UV F1 ESI LC/MS® X A & Fh 2% B vh i) MC-RR .

MC-LR Fl MC-YR #4757 I5E, KBRS Bk 3 8 MC, P 5 i E (E A DG

P 0t 2.2 (P<0.01).

(A) RT:0.03-17.928M:11G
181 NL:
. 2.29E6
2200000 Channel A
h uv
2000000 sample_47
1800000
1600000 3
1400000 3
3 260
1200000 -
1000000
800000
800000
b B
400000 4 A 1535
200000 1418
07
0 1 2 3 4 5 & 7 & 8 10 11 12 13 14 15 & 17
fis}[E] Time /min
(B) RT:0.00-22.24 SM: 11G
20 NL:
7.52E8
= 600000000 TIC MS
= 2687
% Eanconconc s sample_47
Al 051 1283 1424 1515 1613 17.72
£ 200000000 439 530 611728 534 983 1me
1328 NL:
3000000 3.25E6
= miz=
= 2000000 32050 ms
Gl £ 1000000 188 212 13‘;‘33 L soes 2188 sample_47
M2z 1280 1472 1652 1718 2004 2095 2189
34 ML
1000000 2.0 1.06E6
= miz=
= 188 - 1038.00-
2 500000 Il 1437 1521 770 1793 2218 1039.00 MS
o & |J ar 1388 1576 2098 pl| sample_47
g Dﬁ‘ J 383 537 1207 1309 | 1887 ZOM
o 1543 ML
2000000 2.15E6
= =z -TS%:OJ
% 1000000 1451 1517 49900 MS
E’Ej % 204 1428 sample_47
= 186 N 281 1698 1787 2177
o 537 ML
3.76E6
2 3000000 miz=
35— S8 s
B s 214 1445 1502 88590 M3
S 1000000 287 sample_d47
= M 282 1385 1673 1753 2202
o .
A B A o o L e B A SR Amam e e o S
0 2 4 & 8 10 12 14 16 18 20 22

FFE] Time /min

[ 2-5
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°

HIXPE

Relative Abundance

(D)

LiEROR 5 3

Relative Abundance

sample_47 #676-700 RT: 13.94-14 43 AV: 25 5B:30014.80-17 47, 9.58-13.07 NL: 1.70E6
T: + ¢ ESI Full ms [ 80.00-1500.00]

100 51988
95 3
90 3
85 3
803
nd
703
65 2
60 - fi 8] Time /min
553
50 3
453
403
35 3

303

500 550 &00 650 700 750 800 850 800 450 1000 1050 1100

sample_47 #737-757 RT: 15.19-15.60 AV: 21 SB: 20115.97-17.51, 11.53-14 10 NL: 2.77E6
T: + ¢ ESI Full ms [ 80.00-1500.00]

100
95
90
85
B0
75
70
65
60
55

648

50
45
40
35
30

99746

101830 104539

E60.16 106852

S0242 o0 sTT2T J—_— 68723 75386

500 550 600 650 700 750 BOD 850 200 950 1000 1050 1100
miz

Bl 2-54k 2003 4 10 A MHBIRAEE R F5 10 F1 IR MC % ESTLC/MS 43 bt
(51 B Chen and Xie 2005a)

(A) FEFEK N 238 nm ARG B R ORI (S & s (B) JBimf b m/z Ry 520, 1038, 498 FI 995 A i) itk & 5

(C) 14.26 min M) ESI JRREFI(MC-RR); (D) 15.47 min A ESI Fii% &I (MC-LR)

Fig. 2-5 ESI LC/MS analysis of MC in the hepatopancreas of the shrimpPalaemon modestus from

Lake Chaohu in October 2003(Cited from Chen and Xie 2005a)

(A) high performance liquid chromatogram monitored at 238 nm; (B) mass chromatograms monitoredat m/z 520, 1038,

498 and 995; (C) ESI mass spectrum at 14.26 min (MC-RR); (D) ESI mass spectrum at 15.47 min (MC-LR)
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(3) MMPB %

MMPB(2-H 3£-3-H 4H 34 RKIEL TR, 2-methyl-3-methoxy-4-phenylbutanoic)
MMPB J5 % FEIRHLT MC LRI AL Adda RURFIRIL AL, T A RYIE
P #R % B Mdha 5% HE 2 MC Fil PPase H4/1i4: 42 11937 )7 (K] 2-6)(Robinson et al. 1991a,b,
Moorhead et al. 1994, Bagu et al. 1995, Goldberg et al. 1995, MacKintosh et al. 1995,
Runnegar et al. 1995, Craig et al. 1996), Kk, Adda FRIETCISTENFE L RES
PPase 456G 19 MC H#B 2 —F£ 1) (Williams et al. 1997b).

Mdha

cooH i) ©

Adda N
. g:

Lemieux %1k

Lemieux Enz-NuH

oxidatiy \
Lemieux 5.1k 0
OMe 55 '
i N
COOH e Y NH

i Lemieux o A
oxidation N.u

SS

Enz
B) ©)
& 2-6 it Lemicux % ft A MC-LR (A) 5 MC-LR 5 PPase-MC 3L#r 4414
(C) #45 MMPB (B) H/REF(51 A Williams et al. 1997b)
Fig.2-6  Production of MMPB (B) through Lemieux oxidation of MC-LR (A) or
MC-LR and PPase-MC covalent complex (C) (Cited from Williams et al. 1997b)

ARV, 4 MC-LR 08 R (17K A2 5 35 vh 1T 22 O Y
MC-LR #78 k (U1 Lemieux % fk)AI#53%] K& MMPB(& 2-6B)(Sano et al.
1992), MMPB %% | Z.it(ether) A MC ) Lemieux Ak SO0 Uk, FEAT7E
AR T H GC/MS Kill(Williams et al. 1997b).

MMPB il 2 1k HAEHRALITA 288 MO IELS & AR, )i s, THGIEIX
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43 MC BIFhZS, AREIX 2 MC g A B RAEL A4 HREENFELR S,
AT AFZE MC, FH25E LA 774 HPLC . LC/MS 4§), 13kf% MC
TESIRN A SACEH TS B, MMPB 78 MC FI RS 2[Rl (e
ANCTEHAD B SR R A WA b B, UM I ER R R A MIE LT,
MC Frak =il

FF Lemieux A L) MMPB g P AP AE I R B2 B , AN 28 B 4lifh |
FAb . EBREOVEGMEAEE, DUGE T GC 1 HPLC A94i7 A= b (derivatisation)
% (Harada et al. 1999)., {HXJ#E2RE b, RT3 i R 4243 (ozonolysis) BT Lemieux
Ak, XFER KA T MMPB RYEE], RESE AR, aifk LS HA 2
(Harada et al. 1996b).

Y24 R 1k, TESIARY MC AT, MMPB B A R, FEEH
T S 8L I 456 1) MC 553 2 1 (B B AT Z£BBOMC () E Bl (Williams et al.
1997b, ¢, Pires et al. 2004), {HATFAYZER2ERRK: BEES MC-LR J5 7h, fE
fFEH MC-LR S A7 75% A1 Jeikim o B A< -PPase AN HY (Williams
etal. 1997b); ML (Mytilus edulis $EHUR LR B B0 T3k 3 KJF, HARPY H
AJZEI MC AE) MC A 0.1%(Williams et al. 1997¢); MINEKAFIE FF1E
FLIFAS ) Cypress S REEMBFEY B, MC B ffard HA 0.007% 0] i@ B
#HU-PPase YA, {HAE Maple 5t fa (AT F20E ) REMB KEL &, HH
fi#< B -PPase {00ty MC-LR MYAF7E, T Lemieux 4 4kL-GC/MS 1 N AG A5 4
MC-LR(Williams et al. 1997b); BESUMHR MBS 1 FE, HIARNILMHLE G0
MC-LR {5 8 MC-LR 1) 1%, izt 2 B, W) F7H3)] 38.3%Pires et al.
2004).,

2. R %

TESIPRN MC K IUE AR A, I G 92 A5 15 (enzyme-linked immuno
sorbent assay, ELISA) W AR, {UKF HPLC .

ELISA JEHE /i Hr 4 R (immunoassay ) (1 —Ff, L BUE AN R OB AR iC 5T
Ji7 (antigen) S BT {4 (antibody), LA E B 1 1R S s bR ic B R e iR 45 G i 1 1
PR BRI S e TE 4™ AR B, TR AR R ROV T, R
HUFARRT 3 F TR, SRS A 2, HAaE IR, AT A )
YR TRR A e bR, RA ERPUREASIIANE A R sy A bk,
ARXS 43 FBait /N T 1000 9T, W — M Tohosith o 20K /N o+ o R R 2 K 4
FERAEYFEARS GG, el HIL R AR, EASYIAN G5
RHURT= HEXHZY T — PR, SRR i (hapten), JLT- BT i8R 1
FES AT A BRI S Sk, BE R 2 ig A, A
HEHEEER Z, REJME, NN Z(EP = 2002),
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Ui P e SR RN R . Bk s B s BT (monoclonal antibody)Fl
Z vilEdiiA (polyclonal antibody), FIF AKIRT B —4i kAR MPLIR, 8
AC U EREEARAR, 5 # R T 24k, Z) 2 a5 Ain iy A fb 5428
MARFETHE; PR SE DA 1 38T A (hybridoma technique)iil 7%, 2 selEdiigk
B T BB G228 T BFHI 52 (Stewart and Ebel 2000).

Kfir (1986 MC-LA A% 425 204 2 (polylysine) FIIELEE T — ik (muramyl
dipeptide))Ei— ML & A EHUR . BARFHRAERINEGY), REHZE A%
PENAR, B 2SR, EIRE A MC-LA (EsREdhik, abiik)s
F/NA B FEEREE V25 IgM(mouse immunoglobulin subclass IgM), & #i%
HUAXT MC-LA LIS 6 Fl A iR my 2 Gk Aalm], DRI st —Fih F feie B
R MC AR T ] BRLAS 142

Chu Z5(1989)% & T ELISA [SZHHA, JLIEHN MG B b RIS IIHTA- M1
25 1 A0 2 SE BB ML (polyclonal antisera)A] 5 MC-LR FAfrgh G, il S
MC-LR, MC-RR F1 MC-YR AR 4158 XL (cross reactivity) o

MRS . Frrtos MIRER S, ELISA £ 2 BTS2 i —Fhxd
MC #E1 P HERL I 4 77 (Harada et al. 1999).

3. A LFRN %

HF MC gEsRZUHb I I BB F(PP-1 A1 PP-2A)Y 3G 4 (Honkanen et al.
1990, MacKintosh et al. 1990, Yoshizawa et al. 1990), H<HEXFhA ] A4 AR 7] X
MC #17EmME, FRZ N IR B 7 (protein phosphatase inhibition assay,
PPIA), 3P 5t (1) JE At I e ZE i IR R AR ) (an MOEERIIEOL T, B IR
{1k 8 H (phosphorylated protein) (BRI ; Flitk, MC X 85 B RR B A0 4 i T
HE PP ARCHEYICPP radiolabelled substrate)r™ A BT PEFRIC BB &
(Nicholson and Burch 2001),

TE—Lepftgih, © I S B (3 Y PPIA ¥ (liquid chromatography-
linked protein phosphatase inhibition assay )il i £ /K ] X 3258 H (4 RV P A
fJIFE A Y MC(Andersen et al. 1993)L K i & KR 48 3] i BAR SR N 1
MC(Chen et al. 1993).

PPIA #: BAR R R, (HAAEAT R B : O7P ka2 14 X), Bk
o B A AR L R B BT, TR A A 1 BT JC R A o, R 2 A
Hil AR s QFERI AR, FFE M FbRIC ) ATP FIRS S, 1 AR 458 5t
@) — M 1) S50 %8 TCHEA T M 9 25 4 (Nicholson and Burch 2001).

AN, FZRIRFFR, Q0T BREERE K (nodularin) . K H AR AR (okadaic acid)
PEZE Z (cantharidin) . fEZE 47 1759% K (calyculin A)F1H 2L 75 % (tautomycin) 4R AE
IR IR A4 7 (Honkanen et al. 1994), [HItt, 7Eiz ] PPIA ¥:A6 MC i,
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-5 HA T — M A9 (I HPLO)#EA T HE 4%, L5 MC 19 7% 8% = fiti (Nicholson
and Burch 2001).

4. ZFERI T PR F M B R R

KFBPERN MC WA, PPtk et Bk 5o Mo ik i A~
FEAEIR(E 2-7) APk B ARSI ek, — R . flin, /e
SR AE i e — PP E AT B, BRI N4 RS R S B R T T
(total toxic potential), A HEAS I FFEE 2 I 4 7% % (neurotoxin)(WHO 1998), M5k
br b, A2 F TR S MC R0, A/ F X shid iy MC i (r]
Ref TR T MC & —BEAL, T U 2isE MC AF/hA Ryt
58). Mk HAR (nuclear magnetic resonance, NMR)FIiii, 41 FAB. LSIG&AH ¥k
274k liquid secondary ion), EARIEFIES, (HiE RBEUEEAR, — B AHEBREZSHE
i P EER M EE R AT, A FF3like i MC 934 ELISA il PPIA )%
f s foe iy, AHE PR AR, ELISA 82 M T 3h 4K MC 197& #05E . HPLC
1 MMPB () EBEE IR A5 S h 457K F-, HPLC J2 8N MC S Y
TR AR (R 4-4. 3 5-3 I3k 6-6), T MMPB LMl 43 B, LC/MS
VEPRE RN R B8 5, AU TR MC i, SRl R id e 7
iRl

0TI T ! PYETE 2 HE
:  Biological and biochemical
W 34627 Physico-chemical
MS(FAB,LSI)
75 H HH
. :
2
8
- 50
2]
3
¥
R
25 TLC
3 Il Bioassay | ::
{1 (hAR mouse)

ng ng pg fg
UL Sensitivity

& 2-7 MC 3B B U E A B 5C R (51 A Harada et al. 1999)
Fig. 2-7 Relationship between sensitivity and selectivity of analytical methods for MC
(Cited from Harada et al. 1999)
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F=F B MC EEFFRRILIEH R

S AR BRI LA PR B o £, DR HH A B i K AR R K AT 45 )
BRI R MC. AR AR EERNTYZ —, # MC {50 A
AR RRETE PR TE U, DRLIHAT 5C MC /K AR ShIA A 234 15 TR e AR AL R ) S 56
WL 2 . RHORHIRITTER B . OV /K Y B M A 2 —— P i fe: £ T 8 5
Qe S Yy B v ——n ; QAR —lfh; @Ry Etkm
Re—Hk | GEFIZ R

— | IR T =T
1. 5236 KA

KVGHEAE (Salmo salar)(FE 3-1)HIML A (Oncorhynchus mykiss)(K 3-2)/&4=1t:
S fi: A o B FESE AP 2 (Purser and Forteath 2003), K7 FEfd: A8 Al (25,
TEPOKINR 00, 280 6~24 IS IBNET:;  H AR TAC RV RARE 1 |
WA UKEy . PYEE L OIS E A E IR, BRI . KA R
d SRR S ITEEAE TRK . WERI S WE, BRI TARSE,
BB g R &R, FEAREKAER R Y. Wresk. Mo,

<e

Kl 3-1 KVGH:AE (5] H LandBigFish http://www.landbigfish.com)
Fig. 3-1 Photo of the Atlantic salmon Salmo salar (Cited from LandBigFish
http://www.landbigfish.com)

K 3-2 mrEEE(5] B U.S. Fish and Wildlife Service, http://www.fws.gov)
Fig. 3-2  Photo of the rainbow trout Oncorhynchus mykiss(Cited from U.S. Fish and Wildlife Service,
http://'www.fws.gov)
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it (Cyprinus carpio)(Bl 3-3)FR A 22 LISRAERGM () s =8 b — B A
F AL HEISKR, BRATEARKAMIEFRFE G LEXHEH(FAO 2000)., fiffh
EIRTHE . HARE, A RERS—MEH RS RN iz 5 M fa2s, K2y
18 19 tHhzg it 207 7T 2B E N — RN 5IRUG , ©JLT8E R TSR
VEHAAA T A H 7 (Welcomme 1988), S 2% ik, SRE&FIRMIY . AL
AT HL BRI LA K A A= o B (2R F 98 % 1976)

P 3-3  flfn (5] XA RS 1992)
Fig. 3-3  Photo of the common carp Cyprinus carpio (Cited from Liu and He 1992)

it (Carassius auratus)(El 3-4)53 A7 T F 5 25 1 (5% 7 98 =5 B AN VLI | 9311
Wiy Ky RS KA, AR, EEUAREEE . 2REES . KRR R R
FAEA R, R RS (RS 1982),

P34 A (5] A XVERHERITEE RS 1992)
Fig. 3-4 Photo of the crucian carp Carassius auratus (Cited from Liu and He 1992)

FREN(SHESC 4 silver crussian carp, “#44 Carassius auratus gibelio) J[A1iT 2\,
B, A AR, WORRE IR K, TR T AR R R VLD, B
SEATUR ST A, e B AR v R BK AR AR W SR T S B AR KT
1976~1981 ARG M B—FhIRFEFT A, B LARIETLT IEEL R RMER A
PIARBIAREA | DAIVI VG E ZUM R ACASE & ok, HAT SRR R JHeE, 4
K PEPCH AN 2~3 £%), P s, YESE AR RBFIR, — MK F] 2508
PI L, HATEE2E 20 208 IR,

% (Hypophthalmichthys molitrix)[ ] 3-5(A) A4 A SR04 AL A 2 PR L ad 22
WL, S A AR g FLRY L0 o il (Aristichthys mobilis)[ ] 3-5(B)]AY B SR /34
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DX IUACA oA B, e R ERVE S (2R 0 1990), AR, B4 A1
JEREAT, ESEGT (Z0i) MR (BRI . SRS IRRE] 71 NER, S F
) 51AMEZK, 1M 80% LA LR EZK 51 R & AAE 20 22 60~80 L, 4 KREHUE
KT ATEIREEAE 2003), RTLAUE, AT AR LAt Qs | BSR40
Wz RGN T 30 Z4ER9IEE], st MG A ISP 3% 2 1 JED
CSEYN . FESEM . PENRIER DN 5 76 S N Bk A s v 7 JR s ey, B
%5 = (Opuszynski and Shireman 1995), fif . i E A PP, T2 ARl
Y. s RIS 45 (Xie 1999, 2001, HPF 2003), FF0] Sk A 15 1% Bk
1E(Xie and Liu 2001),

Kl 3-5  HEA)FIHEB)E R (51 B R BEAK A AP o e A _ i B AR ITEYIE 1982)

Fig. 3-5 Photos of the silver carp Hypophthalmichthys molitrix (A) and the bighead carp
Aristichthys mobilis (B) (Cited from Institute of Hydrobiology and Shanghai Natural Museum 1982)

Bt (& 3-6) Aok s, NSRRI BT —, HETRKL
Erm e —E o, Hehd ER R Y 51%(FAO 2001). TR AR
DA AR (s SN By BRA) S AR BT DX, R 12 AR TR ARG BT |
IR . TR WIE SRS A S KRR T 16 CRME AR, (KT
10°CNTCIEAAE; By rk, TR . M . KA S S %
(Suresh 2003). JE¥ FAEH(Oreochromis niloticus) M B L FRFE M P

K 3-6 i EfAE A (G AP ESIEMAISEE, hitp:/www.dragonsflying.com)
Fig. 3-6  Photo of Redbreast tilapia (Cited from Forum on Tilapia in China,
http://www.dragonsflying.com)
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2. BER A F AT

KT MC ERVGFEEER N0 5B AL M SEIG A58 12 W F &R
(Williams et al. 1995, 1997a, 1997b), T RPGFEER KR M, XA
IR EAR(10 °C), FEMIS RS MC SEA RN, 7RI, AR
B 2 HE R K SR BE I RS M A2 BT ST o PG T i P VA 7K T ) (seawater
purse net)FEAELE N E KA AN F 248 H V48 A1 5 ] A A2 i M R — B A Rl
FEFE, M5 MC-LR AHIC 8 ik £ S0 43 000 8 2 A K R I SR B A0 55— A~ 5 2R
FENLIAM], fk o AR ER IR I sl S At A SR A, T DA G e e S JHE U451 473
(AT 7K ] PR R FEL K A H SRR B A A8 JE S RN 40 88 1R P 359G s MC-LR, (R, i
“ 1 X e 1) e AE T B I 4 TR A BRI T B S MC RS TC B HES )
(Andersen et al. 1993, Williams et al. 1995), Williams %5(1995, 1997a, 1997b) %3
IS MC FER VU AR RPN 734 ST AL AU, B ek Rl D AR AT
DL At £ R P ) MC 5 e AT 2% T BB R 52

KT MC TEMT SR PN oA SR 55 A A SE B 23 38 2 UL TR 2% 3 (Tencalla
and Dietrich 1997, Bury et al. 1998)., TE73& 2 —IR/Kil——Loch Leven, Bi#E
IR R MR B KRR T MR, B AL T ARGS9 SC 4 Brown trout, 2
% Salmo trutta), F 2B MC 51 E2 04 FFIE 545 5™ 22 ) 453 473 S8 RE R (Bury et al.
1998). Tencalla 1 Dietrich(1997)IAH, TEARLIMLIRFA GO T B 5 i Sk 4™
KA/ NI R E T,k sl D B B BT REME LA ROk e e B £
FFHA A S R S DR 2k EE . Rtk A8 BOK I B 2 2 R £
iR fe R fiekf FRAE Y, T LSRR A A AR WG I A T R 1 SRS R p o
Mo BTATEEy N, A, e R ST s R MC gE A
RN g K2 (Williams et al. 1995, 1997a, 1997b)HF5Y T 18 a3 51 MC 18K P4
TEAEfA A N 8 30 1 S ERE , T KR 223 (Tencalla and Dietrich 1997, Bury et al. 1998)
WY T HEMLY) MC FERTESIAR PN 30 1220 0E, 30570 MC 2 S ReZE I BEE A
PR B FERT REABLA o

= F MC et AR Py BRELEAIEFE W T LA 242 (Malbrouck et al. 2003,
2004a, b), XLEHFFY FURMSEEMA/E S SCIAR, SCE A IRl R LA AR 2 (fasted) 5
MR (fed) Z514 ™ MC-LR Xf e (st . ZEMFLsht, WK (in vivo)SE B CLUESE,
MC-LR LR/ 1 A 450405 B 7™ 8 (Miura et al. 1991), {HILHLHIEATEEE .
Malbrouck 5(2003, 2004a, b)) SZI5 AL 5515 AFN 73 25 0 F AR PSS, 38 40 M s 3 5
fifi MC EAFRPY, SR K LR P PR fe: £ (1 SE S AE Tt s (15 °C), FEAILTR 7 T,
SV 3 i 5 B LA A (glycogen store) FTAEfL 38 (oxidative stress) 2%
F. FKEEH Zhao SE(2006)F FHA B Ul B AN T sk s iR A k), Ast
T MC 75 B = 225 5 b i R
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KTF MC FEfEAAR N R BT LT [ R H A3 1 SR (XKie et al.
2004), —J7i, S EEARETHIAEY L R AR, W HEE T AN,
K57 18 MC 5 R WL Em, Ji—Jri, ST sl i sok e
(BEFRAAEZE A YR, SR RENLRIEAT O . T F 2O SR IEY)
It Xie 55(2004) 78 HAEA T 10 % PN S0 Hh B ROBT i 1) AT SR BECR A —Tth i),
S K IR AR PG A i £y R Sl 1) S A T4 155(15.5~25.3 °C, 3% 20.7 C).

KT MC 7 Bk iy 2R AR FE W F B PG FIIR K 24 (Soares et al.
2004, Mohamed and Hussein 2005), F (41 Tilapia rendalli 1 Oreochromis
niloticus)E 1956 4445 A ELVE FHF /K =375 (Gurgel and Fernando 1994), 7& Y
Rio de Janeiro Ti ] Jacarepagua Wi(—RJS/KIEH)), BT & SRR AWILM,
HEL T P A B K B (FE SR M. aeruginosa), TEIEZEW) 10 4F [R5 T
R, HRTHY 8 a2 2L B ARt (Tilapia rendalli), TEZFMAFE . LA K M E
PRSI 2] MC FIAFAE , FERPIE 2 B Il (hemorrhagic)iE IR (Magalhies et al. 2001).
BRI E VLS TR 2, AN HAG A B (suction feeding), MHEHHL(visual
feeding) . "B (bitting) A1 75 & (grazing) 35 1R A # (Beveridge and Baird 2000).
AT LAME Xie S5(2004)XF 5 Y SEIRARFE A T4 . 7E Soares 55(2004) Y525, K
Microcystis aeruginosa ‘5 BiRE M il faDEHE A Hil BB BRI R IER . 5280k
TR I8(23.540.5) C.

P R R B AR 45 — KBS (FAO 2001), i re i it it A 2 4k fa
(3558 (Suresh 2003), TER M HEHERZ BN R BB NROKGAE, H a5 53|
£ 2 7= 15 %) 37%(Elghobashy 2001), A FEEE: O. niloticus 1 O.aureus( M35
)+ E) . TER M) — At LA SRS K R3S, T8 O. niloticus HIJ7IA |
JHEE L S UL PR G EE MC, IR K 1 WHO il € 1Y e v/ 48 bR i (Mohamed
et al. 2003). Mohamed %2005y M _Lik g Hfi i O. niloticus FIAREH, 5
T MC 1 O. niloticus &N MC (& BRHLE], SLH/KIEE 25 .

= R R R AR
1. FE B 3E ST PH]-MC-LR(A ¥ 32 8 4 )

Williams 21995 )il i 58 mARic i MC-LR ) — Sk A #)(tritium-labeled
dihydromicrocystin-LR), #5¢ T MC-LR 7EKPUFEESA A5 A AERS S AL, H
T HH L S 2 R (N-methyl-dehydroamino acid) ] il & f k4 (sodium borohydride)ifs
J5, R, AREE MC A9 H L 0N 2452 (NV-methyl-dehydroalanine, Mdha)s% A

AR, ] MC-LR(5.4 mg)FUibRic B E {4l (sodium boro[*H]hydride)(1.6 mg,
14.2 mCi)Hl# 2 mg BRARICH MC-LR () 2 LS Y(CH]-MC-LR), HocsvEss
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J 4 32.6 uCi/umol, MC-LR 4lifk § MINE K Alberta f¥) Little Beaver 8R4 ik
(TR LK A6 P S 20 B (o R 2R T ) -

W PH]-MC-LR ¥##4E 0.5 mL B — H 5£37 1 (dimethylsulphoxide, DMSO)H,
A 9.5 mL 0.8%MTCHE /K. FTIEEEN AP A AL 13 B, (KER
80~160 g, HHIAYPH]-MC-LR #HEK Img/kg, 452 )5, B PG VR 0 ik B 1
P TR ER AT 2R 30 ng/kg) A FUR 52.5 L BIZK IR H o /K TA BT 2RI
WbFFFEA, SR HARIASEAE, KRR 10 ¢, RS, 2% F 2h, Sh, 22h fil46 h
BEHLIC R 750 4045 25 1 R AR 5 MC-LR(H]dihydroMC-LR)AY &

FERIFEF (1 me/kg) I B TS A5 T, RARiE 9 dihydroMC-LR 5 MC-LR
XoF K PG VA i £ 5 | ) e SRR A 25 0L (R, B IR I i S 3 6 W], MC-LR
Ml dihydroMC-LR ) 1Cso fEtH1E#—31(0.1~0.2 nmol/L); X tH#tE1i, MC-LR
F1 dihydroMC-LR %) #1815 B2 (toxicopathic property) A1

UPH]-MC-LR B 5 2K P vt ta I I, B3R AE 2 h 5 SR A 7E T
e, B EAIE; fESh A 22h 5, SR mtEiE; 76 46 h 5 oA fe
AT E (D 3-7), e R R B BEESE Sh RFIES, AESHER
(4.940.5)% (181 3-8). A AMNMFRICHIMISCETE 2 h, 5hy 22 h Fl 46 h IIK
FORNR(67.9€7.3)% . (78.443.1)% . (54.5+6.6)%F 12.2%

= 2o 5h 22h 46 h
3z i
= I —
w2 100
XE i
%E 8o
2% [
ZE 6of
TE i
® 85 a0
i i
R o i
2z of
£ i
)
o~

oL .
123456 123456123456123456

& 3-7 182 WESE (1 meg/kg)[PH]-MC-LR IR TS, PG et 40 2 rp s ik
[ RARCHIAEX 530 (51 A Williams et al. 1995)
TEEESNE 20, Sh. 22 h A1 46 h S 4R IR, WUARIRCEE=1. BTEoRIE A TI9{E+S.D., FAS n—4
(A6 46 h, n=1). 1 WMLA; 2 HENE; 3 s 4 el SR 5 BAFNE: 6 HRIAKHRS

Fig. 3-7 Relative distribution of radiolabel in Atlantic salmon tissue after a sublethal i.p.
injection (1 mg/kg) of [P’H]-MC-LR (Cited from Williams et al. 1995)
Tissues were removed at 2 h, 5 h, 22 h and 46 h post-injection. Flesh radioactivity=1. Values are meantS.D.,

n=4 (except at 46 h, n=1). 1, flesh; 2, kidney; 3, gills; 4, pyloric caeca and intestine; 5, liver; 6, remaining carcass
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E 2h 5h % 2h 46h

x 107/[*H]-MC-LR/g {Z¢H 4
x 107%/[*H] -MC-LR/g wet tissue

0123456 123456123456123456
Pl 3-8 FEHEZ WEER (1 mg/kg)[*HI-MC-LR (RIS IG , KP4 20
T R ARG REE /70 (51 A Williams et al. 1995)
PRSI 2. 5. 22 R 46 h 540 HIHREHLN . i /R (B A V3{EES.D., FEAR n=4({HAE 46 h, n=1).
VAALA; 2 R FREs 3 8, 4 HEAT TIERIGIE 5 MR 6 ARIARMTRSY
Fig. 3-8 Specific distribution of radiolabel in Atlantic salmon tissue after a sublethal i.p.
injection (1 mg/kg) of [°’H]-MC-LR (Cited from Williams et al. 1995)

Tissues were removed at 2, 5, 22 and 46 h post-injection. Values are meantS.D., n=4 (except at 46 h, n=1).

1, flesh; 2, kidney; 3, gills; 4, pyloric caeca and intestine; 3, liver; 6, remaining carcass

KT RO R AR LA MC FEMFLSIIAR N 431 51T AL ) SE B i o 44
F.(Falconer et al. 1986, Runnegar et al. 1986, Brooks and Codd 1987, Robison et al.
1989, 1990, Meriluoto et al. 1990, Lin and Chu 1994, Nishiwaki et al. 1994), Ifi
Williams %§(1995) 7EAZEHHMFIEE K. Williams 55(1995)3F LU NI
25 LB A SR MC BT EEaR A8 22 - (D PG A £ % FF I XT3 1 (R 437 2
IC A MC-LR (%454 (incorporation) F 43 Z&57E H/ N BRUIES, a0 bRiC i MC-LR 7
SN RAIERS , 1 h fi1 6 h J5 , 50%~67%%5E #5041 T (Robison et al. 1989,
1990); @ KPGHEEMAXTEE RGBT /NARES 8 Kig, JFIEAIL
fbFEAK (carcass) FATISR IR BE A 50% 11 8% 4 LT E#Ric (Robison et al. 1990); ik
PO 46 h J5, RS ST PRIC PR B 2R E AN 13%

Williams Z£(1995)3E T AR P& R TA Ay g 7K 6 ) 3 B 1749 R W £ 1) £ R)
Aot N B A B R : D MC-LR 78 A (flesh) i (19 & AR, MC-LR
FEXT 5 S 1 Fe R ABLAE TN PR AN SR IR 59 1/20(] B BE SRR 150, A 2 AT
SEE 1/100); @ k3T 1 KN market-size) i R PG P fa ] REAN S R ER T
F/KFH MC-LR, BEFRET e LT Rl imkl, AR &Ry . vhe
Rl TX—5E451E, B Williams 251995, 1997a, 1997b)IRF5E 25, stFA
TLOGTF MC XF b 817K [l I SR8 b 1) R PG et R 2 s e A A S 1A
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2. JE B SHMC]-MC-LR( K 70 3 4 )

MC 5 PP-1 il PP-2A {45 G40 45 (Bagu et al. 1995, Craig et al. 1996): &
JedE MC 5 PP (R il 0454, SEOHMEALIE S5 ZU(H ] 30)BHARER ; 26
T CRATERU N R R RS )R E MC A H I S 2 R (M dha) 58 3 5 i R
fiff(phosphatase, PPase)f*) 3512\ & (nucleophilic site)J¥ il— > 1T ¥ i LA 34 4%
(irreversible covalent linkage). 7% i J5i ) Mdha ) MC-LR i 32 A] 396 () 58— i v BE
S U BH RS PPase HOMEALTE 17, (EANBE 5 PP-1 #l PP-2A T2 AL B9 285 W (covalent
complex), [Ht, Williams ££(1997a)ih "y, MC-LR ) _—EAfLE%) dihydroMC-LR
RS B 11 A PN B 2R FLIE 437 AL i (total burden) S iE # RIEA, I
C ¥A5IFRIC I MC-LR (uniformly 'C-labeled MC-LR)EHT ST T MC-LR 7 #: f {4
DA PR3 A R B AL o

MC ARICH MC-LR 145 T 1.33 L 1% NaH"*COs(sodium "*C-bicarbonate)(2.5
mCi/4 L) 55 5 AR 2% e 245 21 2 mg 19 MC-LR, H Uil s (specific
radioactivity)y 1.38 pCi/mg. ¥ '*C Frichy MC-LR ¥MAE 0.5 mL — HIJLIA
(DMSO)H', FHIA 9.5 mL 0.8%MJCH /K. FTIE IS R PIHEEG L 16
R, WE N 100~130 g, FESHY C FRICH MC-LR #HH 1 mg/kg, TEH5EHE,
HE R VU VR bl A B AR A B K P AOBAR T o KA BT RS A IF 74, SEIe i)
A, KR 10 °Co S 6 h A1 25 h 5, BRI TR 2/3 Bk,
5, 48T 2h, Sh, 24 h f143.5 h BEYLEC 4 B, RIS B O . AL
PIFIHAR S0 R G 1C FRICH) MC-LR BY& . SHIFIE R A3 £ SR PiR A
[l ok . —FhJeF KOH IskilsE C Ml 53 —Fh ke e A
MeOH #HUs , M "“C BB K 1T PPase 46 .

i3 KOH JHMlE "C BYREHER )53k LA A MC-LR /eSS 2 h
J5 (0.1540.02) pg/g fif AL, 5hJ5 EF-E(0.2610.04) pg/g, 43.5 h JEEmlnlvk
F)(0.2440.04) ng/g; FFIES LA MC-LR SHEZ A 2h #9520 1 TS Sh Ay
30:1. 24 hi®19:1 2435 hi#910: 1, 7EHABZHZ, 2h, 5h, 24h 1 43.5h
J 9 MC-LR 5273 51°4(0.4340.04) . (0.42+0.03). (0.1420.02)F1(0.07+0.01) pg/g,
A R SR A (40.743.5)% . (39.343.0)% . (13.2+1.5)%H1(6.140.7)% ., S2H4%
PRI AR TP BK S A T ARG R 57.8%, LS 37.9%, Mk hiEsT
B 95.7%

HSE Sh, FERFIEF A MC BoE (G B E R 16.6%)/0 60% AEEDE MeOH
ZEUH (3 3-1), 24 h F143.5h J5, A7#E MeOH AEHUH ) MC #4351 & A H MC
MY 1329 4.8% ., MA, HESHE 5 h, HEEABCRH7E PPase K60 HR AT 15 1
MRS PERIBT, T 24 h 8DV, B EEAEIORER A BT, {HAE PPase fr il
WA, AIReEH TARUEHERIE R T SS9 (inactive metabolite).
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31 HEMHREAESEREEFAATHEEESERS A C METENE
PPase flIZE £ AEEZE I MC-LR € EMLLE, #EH 4 MEERMTFEHELS.D.
Table 3-1 Specific incorporation of radiolabel in liver tissue upon digestion and comparison
with that released by MeOH extraction when assayed by both the PPase assay
and "C counts. Values are means + S.D. obtained from quadraplicate animals

e LR F 2K s 2R
"¢ digestion results MeOH extraction results
EHJEIRT MC-LR &6 RSP SNl HES B AL HEN AR E
Timeafter ~ pg MiLR tissue ~ F 2L (*C EME) (PPase ¥:E)
injection % of injected % of injected radiolabel % of injected
radiolabel detected detected by '*C counts radiolabel detected
by PPase assay

2h 9.29+0.06 11.93£0.17 5.97+0.99 6.54+0.87
5h 9.84+0.56 16.55+0.85 6.98+0.94 6.60£0.61
24h 4.35+0.34 6.53£0.54 0.86+0.09 0.43£0.06
435h 2.15£0.24 2.70£0.31 0.13£0.008 0.06+0.005

(51 A Williams et al. 1997a) (Cited from Williams et al. 1997a)

5HmARCH MC-LR FUAFEZ A ET . OFEMPRICH MC-LR 325+, FHIE
R R SRR KRN 4.9%, (KT "CHRICH MC-LR SR (R KIE N 16.6%);
QFEMARCH) MC-LR 22860, {515 46 h N, LA RERSEMNEHNE S h
(P KAE 0.28 ng/g /0T 10 fE(FFIE S WL 82 B 22 Hlad 100 & 1); e
“C FRICH MC-LR 2567, VESIE 43.5h 2, NIATRHER S RIS E2L,
JEAES LA R R S 2 lEESTE 2 h 59 52 0 1 FEIKEI 43.5h A9 10 2 1,

7£ Williams 4 (1997a) A 75 H 15 HH i A F 4518 02 . OTEAEWIR N (in
vivo), MC-LR IR HEES (tied-up), A FTRESEIE AL T PPase-MC 3L 4%
AW, BHLIE T HAE AR QARSZIZE R SR Mdha FRIEAE MC IEM 4SS A
AR o A

3. VE"E[PH]-MC-LR (%1 )

Bury Z£(1998)i 1 HEMEAY 72X, WSS T H-MC-LR 7S£ {4 Py (95341 R
AR . MC-LR 4fifk F ¢ 3E 3 Microcystis aeruginosa  PCC 7820, RJ5
211 Eriksson %£(1990a)14 % Codd Fil Bell(1995a)flfitict, Fif3AY *H-MC-LR f)
R PESREES 247 mCi/mmol. HTE5E B Mill 2=Bei#{k) (Almondbank, Perthshire,
Scotland), B FFTEREAT FISKRAKRIKIGRE T, BERALARTER 1%~2% 4% ik fa) R},
IKIRAEAF 4~15 C.

(1) #EWRS *H-MC-LR ZTEHAF ST

TESTIGRE AURZY 14 h )5, WEFRIKIAG RS i 3 A1L(RRAL 6 Fe) il TRk,
NP 20, i O AR v (oral gavage)E AR 0.64 pg *H-MC-LR/kg 19
Cortland 57K 100 L, %F 73 SMGBILL, #EASFEAIE 1 pg "H-MC-LR/kg il 5872 pg
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MC-LR/kg ) #h7K, % 1.16 ug’H-MC-LR/kg F1 10 mmol/L fii %8 fIH ik £k
(deoxycholate). H§HHUETE 100 L (/KA R, 24 h )5, FHid iR
HEIE, MRS T

FE LR AR AR ARSI R, AEAE A AR B A e A R o R R
FAETFIPER(EE 3-2). BRIIBLARHER I A B Z 5 "H-MC-LR (434 . MC-LR
RS 1000 f5 38 N3 T 538 k728 *H-MC-LR 17 43 Fe A, Hegh R 2, A4
MC-LR HyHEEERIIN T 35 T4 . 235 24 h, #EAFHALE R *H-MC-LR K% 0.3%
FEFFAERALA ARG IR g, Qi MC-LR 3@ 1 s M0k A A 33 £k
B, 2RI T R DR REEF I, A DR BB ENLA

%32 FAFICHIMTEESE *H-MC-LR 7E4TsEATAEFN AL B R B9 53 75
Table 3-2 Distribution of tritium radiolabelled MC-LR in the liver and muscle of rainbow trout

TEMRRE R JFAE Liver JULP Muscle
Dose administered to gut (ug MC-LR/kg) (pg MC-LR/kg) (pg MC-LR/kg)
0.64+0.28 739+532(0.17+0.43) % 166+91(0.11+0.04)%
587342407 4.1x10%+1.9(1.2420.33) % 1.2x10%£0.52(0.05+0.04)%

1.16£0.69+ 10 mmol/L i EIHERER
deoxycholate

TEFE S TR 3T i i 5 R A B 4 Lo B P I(EES E., n=6(5] A Bury et al. 1998)
Values in the parentheses indicate tissue distribution as percentage of the administered dose. Values are mean +S.E.,
n=6 (Cited from Bury et al. 1998)

KT MC-LR TEMSFL ) A1 S 260 A0IE th A4 B2 W, [ (ileum) (/)
Wt a o, AT s m 25 &5 % T (Dahlem et al. 1989,
Falconer et al. 1992), Tfii [l iz /&M ZL A IHER FFW i (reabsorption) 1) % )T (Lack and
Weiner 1973, Frederick 1981). DANEHLFRM, MHZLAIPH S5 MC-LR Ik
A RESEE L A ER AL T 2R (Bury et al. 1998)#E4 7119 . (D7EAHER Sl AR A il 77 47
TERIEDLT , 20 B /N BRI 4 it (rat hepatocyte) %) MC-LR F{W i 3% Bl (Eriksson et
al. 1990a, Runnegar et al. 1995a); @HHER B ARER (£ 441 il 570 F1) 45 F- (rifampicin) FlI7R
fieh 7% 19k (bromosulfophthalein) 4 47 75 AT 5 /NXS (1) 173 4 Bl (chicken  enterocyte)f T
% MC-LR 1S 1 RHE 25k (Falconer et al. 1992)., 1 Bury 25(1998) 3¢ T ol it () B 5%
R, X LRSS P AR TC IR
(2) {&4Mi7IE MC-LR BYIEEX LIS

SCRHTCIHIT AR £, 18h f5, FHRlERRRSRRILEGE, BEHiE, AEH
it (ligature) RAMAIB A ANRGE . FRBGHALIE AT T H % (pyloric caeca). HiJil%
(anterior and posterior intestine)Fl F i#(rectum), F-855 H AR IHAL A B FIZE(E  FH Cortland
A PRER K i N R F R AR YIS . FE—4UmIEREA 300 uL BIEIK, iEKS
4 (408+15) pmol *H-MC-LR il |- FHI4143 22— (262+17) pmol MC-LR, (1787+129)
pmol MC-LR, (24 699+2127) pmol MC-LR,, 1 nmol/L ¥ 447 (ouabain)&{ JCik L6511 5

285+171(0.66:+0.47)% 19270(0.0820.02)%
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RE A B &R . ¥#(intestinal sac) R IHTEEEEKIE IR LIFS £
BESNAT) *H-MC-LR, FREHIA2E4:3) 3 mL O 15°CHPIF e e kb, 4351
7EOmin. 15min. 30 min. 60 min 1 120 min BIMAIERKEE S AT OISR EE

SEREH], FE 2 h (BTN, AT A5 3 19 AR (mucosa) 21| 41 B [ (serosa) 1)
*H-MC-LR(H# 2 408~25 107 pmol, K 3-9) A sMz i A ik 21 IR 25 (]
3-10), B4R SHNAY MC-LR WERHLRER, 10 Na' /K -ATP BEHIFHI
BARFFNT MC-LR A&Hs R (BRI A ARRR) A M, (EEXT 2 B H (AR
(intercept) A i &M (K 3-11),

301 301
251 251 }
201 L 207
151 151
101 101
= 51 51
5
—_ O
il é 0 T T T T T T 0
%) & 0 20 40 60 80 10 12 0 20 40 60 80 10 120
22 3804 20007
& & © (D)
S0
=2z ] 16001
o) 60
O < »
=
g 1200 7
= 40
8001
20 1
/} 400 4
-4

0 0 20 40 60 80 10 12 0 20 40 60 80 10 120
Pk ]
Fl3-9  FERLEIE AR MC-LR J5, MC-LR
MFHBERI B BRI SMERI (5] F Bury et al.1998)
(A) (408+15) pmol; (B) (670+17) pmol; (C) (2195+129) pmol; (D) (25 107+2117) pmol MC-LR.,
BRFR PHE+S.EM., n=3
Fig. 3-9  In vitro transport of MC-LR from mucosa to serosa at different concentrations of
MC-LR in rainbow trout intestine(Cited from Bury et al.1998)
(A) (408+15) pmol; (B) (670£17) pmol; (C) (2195£129) pmol;
(D) (25107£2117) pmol MC-LR. Values are mean £S.E.M., n=3
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1 3-10  Z&0d 2 h fES1E], MC-LR ML i) BRI 280 B A LR, AR S5 im M m
MC-LR ¥ 2 HZE R (=0.714, P=0.009)(5| A Bury et al. 1998)
Fig. 3-10 Transport rate of MC-LR to serosa of individual rainbow trout intestinal preparations
after a 2 h incubation period in relation to initial mucosa toxin concentration. The line is derived
from linear regression analysis and shows 7=0.714 and P=0.009 (Cited from Bury et al. 1998)
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B 3-11 I igEAE 20 BARF (1 mmol/L, 250, n=6)Ab el R4 LARFANFR(FZOE, n=5)
TEOLT, MC-LR f&fiintal 28tk (51 H Bury et al. 1998)
LM M RETEXS IR y=1.18+0.10x, R=0.996, GAFFALIRL S y=8.98 + 0.19x, R=0.994, PIZHMIRERT &
225, (HPA NI Z 7122 57 8 2(P<0.05, ANOVA)
Fig. 3-11 Transport of MC-LR versus time by rainbow trout intestines treated with (1 mm d/L, open
circles, n=6) or without ouabain (closed circles, n=5) (Cited from Bury et al.1998)
Linear regression coefficients were control, y=1.18+0.10x, R=0.996; ouabain, y=8.98 + 0.19x, R=0.994.
There was no significant difference between the slopes. However, there was a significant difference between
intercepts (P<0.05, ANOVA)

Bury 25(1998)iA 2y, BT 64315 {k B % MC-LR AW IO 258 52 Na #iiPE it 3230
B, UONE R Na' /K -ATP B AT B4 7E 54T 4 MC-LR Y324 i
Ry A BRI, EEANHON T AT ARSI T MC-LR Wiz, [HIt,
X /RIS TS AL T X MC-LR A9fL 5 2 /03 0 s i eli &5 Na' oem) E8h0
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R, ESis I ERE MC-LR 7] B 3:30E A [ (peritoneal cavity), i I
B R BIFRICH) MC-LR HIAEFAE R R R, /005 R e
HTHAIE A BRI I (blood stream).

—.. MMPB 7 Fl F A5 B 1 HE A

T A% MC fEfa RN SRR I AN 00 UEHE . Williams 55(1997b)iz W
Fh 7 i——MMPB(Lemieux A fb-GC/MS 22 )i Fll H i 2 HL-PPase 00 7E T 47
JiE T MC-LR Ao 2 FFF A9 MC-LR & . MMPB 3 MC 7 Adda %% 5L 4
=9

B MC-LR %f#7E 0.5 mL i —HELFA(DMSO)H, FHILA 9.5 mL 0.8%AYJC
EEK, TR SRRt 19 B, (KEh 25~50 g, ST MC-LR
I K 2 mg/kg, FESITEERIT, KU b S 7R $hK R R 30 ng/kg) i
G o KA BT R e, SCR A AR, KR 10 C. FHEER
J&, 23T 7h(8 FEfa). 25 h(3 FEfh), 28.5 h(8 B M)FEHLIMARE, BUTIEIFFRE,
1E 7h, B2 BB EE, 5 6 BAIF. 7E25h, | BHMAEE, 75 2 BRMFESIT;
TE 28.5 h, T faGIFrE—iehb i, Kk fa A2 AU, AR AR
(PPase) il 2 MC-LR ;5 534, H Lemieux AL (KMnO4+NalO,) 15 2]
MMPB, f1H GC/MS kil , #EmitH MC-LR 1%t

TERSNn vitro), ¥ 18.1~497.5 nmol(AFZHZUEST 7 h BHAEAE LTE BBl ) AY
MC-LR i1 27 4l (spiked) 73 A Z ik JFZH 2, ] Lemieux S /L7507 MMPB [
[N (recovery) A 85%~95%, 1M 247E AR MC-LR 55/ F 15 nmol (FF4H 21 4t
25 h BFEZEILIE IR, [FISCRFFLG T RE. X MMPB Frff, 7EPRUEFRSEI—3C
b1 (consistent calibration)# 554 T, FH GC/MS Kl i B4~ 74+ (single injection)
FIREMIBR A 10~20 ng(0.05~0.10 nmol), {HfZ, XTAIZWER KL, A PRI LK
Y1 EA LT [RRE R B8 i (] S s 1 B P i B oL, oM i R et 4T 97
i, XM LUES) 28.5 h R IAESL TS SL, EARA IR R A MC-LR f£1E,
ER R R B T L AR AT RE

SoptekAe T ERE AE S, ST 7 h A1 25 h, F Lemieux 42 4L-GC/MS 3200 5& HIME
Lt FH H REAEH-PPase 10 IOMELST B4 6 fF AN 12.4 £5(F 3-3). HEMT 25 h
(AR iy ) B B E L GO/MS BUAGINIRR , 14995 25 h IZS R LREE WS, 1
7 h, JFAEH MC-LR BT 75%Lh F 0k i H A B-PPase TGN, Tii7E
7~25 h 3I1A]H B A A MC-LR i ey ) B S R A 7R 5 Adda SR ETEE— 21
A AR TP R M s . B IRAN (O HE M T

«59 -



% 3-3 F Lemieux |L-GC/MS %FNE A REFE BN &) A X 6 & BT
ALRHH MC-LR 8 " MELERILLR
Table 3-3 Comparison of the Lemieux oxidation-GC/MS method and Ppase
assay for the analysis of MC-LR in salmon liver tissues"’

Lemieux Zfk-GC/MS #5245 5 H B2 L -PPase 1
FEfh Lemieux oxidation and GC/MS results MeOH extraction and PPase assay results
Samples MC-LR & o TG B TT 44 MC-LR & o T B A TT 404
ug MC-LR/g of tissue % of injected detected g MC-LR/g of tissue % of injected detected
1x7h 118.1x11.6 34.3+3.4 26.29 8.1
1x7h 61.0£16.5 31.448.5 13.88 7.1
6x7h 101.848.3 32.1+2.6 3.85 1.2
2x25h 24.7+8.6 7.6£2.6 2.27 0.70
1x25h 13.846.0 4.842.1 0.85 0.29
8x28.5h nd” nd” 0.26 0.09

1) AEARFRMER BE VT AR E 1 3 AFEM I FIS(EESD; 2) nd F/R ARRERGIN
1) Values are meantSD obtained from triplicate calibrations within a representative concentration range;
2) nd, not detectable (51 H Williams et al. 1997b) (Cited from Williams et al. 1997b)

Williams 25(1997a)F C $7i29 MC-LR X 60 354 718 s e S 0 45 S th 221
VESHE 5 h, WFHZHRAEAER C FRICH MC-LR B2 60%- 2 A REwE FH EEAC U .
FH CARICHIBFIE 24518 5 ] Lemieux 48 A6-GC/MS V1 HI i AE L -PPase W HE T L 4%
Eﬁﬁt)@ﬁ%ﬂ’],nmm#ﬁlﬁ’a%ﬂl—iﬂv?l\ﬁ%(@ 3-12), PIRNSEER 7k ER R, fEfa i

AUl MC 7 far PRI 2 #AN BB AU EE BRI 2E B, HE AT BBJ2 FH T2 MC Al
PP-1 Fll PP-2A Z [BJERL T HMEEAY o

oAl N LR RGN R e
% of injected detected
[ ]
(=]

11111111111 "

0246 810121416 1820222426283032343638404244
ST ] post-injection  Time/h
% 3-12 ] PPase (@), Lemieux E4L-GC/MS %= (m) L K "C et [l 37 ZEARTTEE (o) 52 i £
JHMEH MC-LR & 5 B 45 R0 HLAL(5 1 H Williams et al. 1997a)
Fig. 3-12 Summary of the results for the detection of MC-LR in salmon livers by PPase assay (e),
Lemieux oxidation-GC/MS(m) and 14C-radioisotope (o) analyses (Cited from Williams et al. 1997a)
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PO, HEEAT A HC MC RO E

1. JE I % 4T MC-LR(4 #)

Malbrouck 5(2003 )3 iz i i 735 1) 7 U 98 T MC-LR el 4y £ 11k v iy
HEREE ., SEIG T AP ta AT R 30g, AR TRl (Aqualife, BIOMAR,
France), TS MC-LR AYFIH N 125 ug/kg BW, XfFRATTHTERAY 0.8% 1Y
NaCl. SEEHAMRI KR A (15£2)°Co 4307 0h, 3h, 8 h, 24 h, 48 h, 96 h HUft:,
R 3 RA I TREER . HIEFAY MC-LR % H PPIA #:0U%E . X1
FFE R B MC-LR ST 5x107° pg/g ZH4 . 134+ MC-LR fa ik MC-LR &
HIE 3~8 h FJt, HIE AW (A 3-13),

0.4

o
[#8)

MC-LR/(ng/g BW)
o o
—_ o

(=}

0 3 8 24 48 96
] Time/h

B 3-13  JEREE ST MC-LR(125 pg/kg BW))5, 814 Carassius auratus %€ JiFHE A )
MC-LR ¥ EERYZEAL, Edli ¥ 2{E+ SD(n=5) (51 A Malbrouck et al. 2003)

Fig. 3-13  Changes in the concentration of MC-LR in liver of juvenile goldfish Carassius auratus
after an i.p. injection of MC-LR (125 pg/kg BW). Data are represented as mean £SD (n=5)
(Cited from Malbrouck et al. 2003)

Malbrouck 45(2004a )it i M i i 41 1) 5 CalE — 2258 T MC-LR 7E LUk Al
ROt 2y TR B RO BT IR R 30 g, SEBGHT, Rlifag)fh
PATPIMARIR AL — 2 R R BR B kL, s —d ik 7 K, B4
45 gt . (e R E 20 RIS FEE S MC-LR(MC-LR Fil#h 125 pg /kg BW),
T3 20 FETEATAE LAY 0.8% 1 NaCl. SEEIUIR], PURAL IR FFILIR, Bmdifm
RARFFRRBH . SRR A/ R (1542) °Co 4331 F 6 h, 24 h, 48 h 1 96 h HX
JFHEE, MC B & PPIA ILINE . RIS 6~48 h WIA], W2 Ak PEpE T
IEFF RS MC-LR & &AW EJF, M5 W2 TR, R 7eiats 48 h, JURGLIPIE
H ERFHAT MC-LR &5 it B35 5 THUHAL(E 3-14), RUIAEMEEIRES MC-LR
R G
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0.35 1

03 1 o YUk (Fasted)
) m {0 (fed)
%‘ 0.25
20 0.2
2
- ] -
S 0.15
)
5 01
=
0.05 4
0 -+
6 24 48 96 control

BIA]  Time/h

E 3-14 JEFEEST MC-LR(125 ng/kg BW)J5, 1t Carassius auratus 2510 JFIE - Y
MC-LR ¥ JEA8Mk, B - HE+SD(n=5)(5] H Malbrouck et al. 2004a)
Fig. 3-14 Changes in the concentration of MC-LR in liver of juvenile goldfish Carassius auratus
after an 1.p. injection of MC-LR (125 pg/kg BW). Data are represented as meantSD (n=5)(Cited
from Malbrouck et al. 2004a)

FEEPR IR LB I 2s 5, FERRERSEIR 25, AT MC-LR ik E)IE(E Y
B B K225, SB— R S G 8 h, 2 —IRSEK NS/ 48 h

2. JE RS MC ML & & (8 &)

Li Z5(2005) D\ 3t Wi £E 1) 15 38 358 (MC-RR . MC-LR Fl MC-YR 254351y
0.84 mg/g DW . 0.50 mg/g DW F1 0.07 mg/g DW)H 2B MC MFE R, i s
VESTRY O SR T OMC 7R B 40 4y fa 5 I PO BB . BT PR G B 4k R
(51.3£1.8) g, ME & v S MC(MC-LR+MC-RR) 19 7 £ 43 %1 & 400 pg/kg
1000 pg/kg BW (i A (0551 55 R v 351 4, S 3 0 1] A 7K 4 (20£1) °C 43 I7E 1 h,
3h, 12h, 24 h, 48 h JUbf, Bk 3 BN TR R oM. R MC
S8 HPLC W& .

A FEMGRE AL 3 h JoddE, B ICER A MC (RIE(E, (AR
RETE 12 h Zb[E 3-15(A)]. FEmAIEA, 3 h HBEE, e R FE(El 3-15(B)].
(ISR, AR MC-LR (55 MC S 35.5% , AR5 28 JHEE HhAsUAem)
i MC-RR, TM7ESE IR, BR3Pk wdailt, {5 MC-LR fr 5 (% Fb 7R
/N Li %E(2005) A, 24 MC-LR #EA MRS , B4 P9 0] BEA7 76 S IR b R i ol
H45H MC-LR WML, WA ZE R LA 1, ES Rl m ik $ MC
VAR BRG], RIGAIRR B, WA IR
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] o0
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1
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Kl 3-15 RIS MC 5, SfJFES 9 MC #EERZE4E, (A) 400 ng MC/kg DW,
(B) 1000 ug MC/kg DW(5| H Li et al. 2005)
Fig. 3-15 MC concentration in liver of bighead carp after i.p. with microcystins at doses of
(A)400 and (B) 1000 ng MC/kg DW respectively (Cited from Li et al. 2005)

3. VEPR AR TR U R BB R A ()

Tencalla F1 Dietrich(1997)id iz H#ERHHER M BERSR I 720, A58 T MC TENT 6
DR N TR AL, AT T MC-LR 05 i Fr A 2 o i e 1 1 A A
S0, BRI S, SESRE 60 g, IH Thedy Wase sz L)
(Andelfingen, switzerland). SESGHT, K dIfL—J&], $IRERETHIMTHERDREL, SC50HT 24 h
P R HE R ET ] =R [ (tricaine) W #0428 FE R IR o 4 VR T 1140 ) ot Tl 208 9
(Microcystis aeruginosa)PCC7806 3K H i - FE IR -5 KI5 Yl BN 5T T (Swiss Federal
Institute for Water Resources and Water Pollution). i HPLC A93HT, 125k FE &
MC-LR, &4 /DREFHABZEAIR MC 8i# MC-LR 5 24414 (conformational
variant), SERGFEEH, PAPEER /N A B 5 H A 2 (comparable), RIILAIFELE
—HFR N MC-LR*, ZFERIHIBER 51N 4.6 ug MC-LR* /mg T34k
(1) ERE

W50k 7% T i (dechlorinated) /K HY, FHTEST K 1| mL MBESSE0R R B A%
VEAMT A% 14 5 v, 4k 5700 ug MC-LR*/kg BW, TAEXT BEZHAEA 1 mL #YK,
SRIFE A AAE, 403 F 1h, 3h, 12h, 24 h, 48 h fl 72 h Bufa ke, HRKE
3 REXTHREAA 3 RESLg A, RREF SIS I U A S T oA B R T
g R R JyBUFIEAE S TA MR B G Hr, 38 20 JJE 28 il (heart
puncture) LIl 3% (plasma), E %M PPIA JLE MC & BHNESIAI3, P
FI 2SR ] PPIA 05 MC &4,

76 72 h BYS2EGIA], 5700 pg MC-LR*/kg BW AR S EUT#AFET, HE
WA BRI A e, B Y B R AR S 1 T LF- S BU R R (& 3-16): 1 h
JE 2R BRI 60%, 3 h JESEbr EJCR i, S BRI, 43l 72 hik
FXT AR 50% LA L
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Kl 3-16 KA B Microcystis aeruginosa PCC 7806 E4%1E AMTHE & Rl A 5700 ug MC-LR*
/kg BW)JF , (A) BLESTIE A2 A BERRIERG L s (B) ML i MC-LR* &5 4k LU R (C)FFAL S R] 4
B MC-LR*[& B 728k . a1 5 28 -3 {H£S.D.(5] B Tencalla and Dietrich 1997)

Fig. 3-16 Hepatic protein phosphatase activities (A) in trout after gavage with toxic Microcystis
aeruginosa PCC 7806 at the equivalent dose of 5700 pg MC-LR*/kg body weight; (B) MC-LR*
concentrations found in plasma; and (C) extractable MC-LR* concentrations in liver tissue. All points
represents averagestS.D. (Cited from Tencalla and Dietrich 1997)
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1) fi& M B (gastrointestinal tract) ¥ % MC-LR* &9 OB AR b

163 h, MR R S EIBBRA(E(S17438) ng/mL, SRJGZEET Pk, %
48 h, BEE]TRIMFRLLT (B 3-16), AR EMH ) MC-LR*[12 81k 3.3 h,

2) K ACiE Z MC-LR* 84 &2 5[

WA ML AU 72h NPEA BN A MC-LR* ) B>
6019 ng/mL, ARHESLHMES, HTHE A Y IGIR 0 M= 29 M IRE 1Y 4%, ik, #EA
LR H A MC-LR* ) 24 7 45 AR 1) 4.4%

3) MC AT 64 5 35 Aokt . TR A A 09 B0 73 e e

MC XA 55 i B A, XEFIEEY PP-1 1 PP-2A HAT Pl foe 4
AR . MC-LR*— HF A MR P AFIE . AERFAE, 1 h 58 n R 2 8
£, 163 h IBRRAME(524+197) ng/g, 24 h J5 TG RS (5145) ng/g, %5 72 h,
{SSRIAAT (4445) ng/g, TEPHVERRIATIHEAF R 6.3 ho I [45 AUC 15
72 h N EEA S FIE G A A] 28 B0 MC-LR*F4 Bl 8494 ng/g., HRPESZIGMEE, T
S YIS 2 AR ) 1%, DRI, 2E B IDE A 9 T ZE U MC-LR* ) i 24
d IR 1.5%

4) MC 5 i e & & 69 20 254

TEHEME 3 h 5, MC SRR PP-1 Fl PP-2A FOIIHIA R i Rl . sy, EAF
WA B R 20 63%E LA 3E 3 8 I B R B Al o, DR e A T B2 S A AR
FIER T MG

5) Re it BRIZ M A G A A HiA A AR P a4 R

HRHE AT 25 2% 1) DO RSO R 35 2R B PV P AR W S i 54, Tencalla
1 Dietrich(1997)4fEll, S A]REFIFLENY)—E, MHVTIRIGH REAER i R 543
RS E R AR TR B A 4 (Runnegar et al. 1981, 1991, Eriksson et al. 1990a,
Hooser et al. 1991),

6) Rt (bile) = FAFME P it % 49 MC 7% b B B-4E 3R b 69 4F A

Tencalla F11 Dietrich(1997)IAN, 5K (rat) F1/]N F (mouse) #4525 Ir A5
2 1 (Falconer et al. 1986, Meriluoto et al. 1990, Pace et al. 19912501, AHIT7ER a2
JHRE At 22 ) MC B R AR A AR, o O 7EREMR T A 2R sen
T 65 ¥ IR 5% (gall bladder) Rz £ MC AJ£77E(Sahin et al. 1996); @ TEM BRSNS T
*H-MC-LR (£ 315 b bt 2 B 5 R 9776 (Williams et al. 1995).

Mt gE IR TR RS BEE R AR s, A Y PP-1 AN
PP-2A WTEYEARKI TR, FFLHZE A8 b, (B2 3 h 5, BEREMEF AR
5, FET2h BT, PRE IR 50% 07K, BARIFAL 2 F R SE (necrotic)f)
TEYRZE . Tencalla Fl Dietrich(1997)i\y, BRABERREE-MC HY45 5 A& A A] 1 Y (Takai
et al. 1995), FrUREE S () BEE P 3G AT GBS B TSR A E R AR AR 1 50
NRENRE M AT TR HT A . HE E, BARAHIEES R, 53R T0HE

. 65 .



1B R
(2) MC-LR #J il 5T 88 AT At 5 5 B ERER AO (A S SC TG

IR E RS T K B0) BRAT S ) e, AT . K sl MC-LR(Sigma) ¥ fift
TEWE IR IFZE MK (phosphatase buffer) ., 7 200 uL FFAEAISE (24T 50 mg fiFZH4Y)
HOIA 100 pL PR B2 Y MC-LR &, Z5@ZIRTER (vigorously vortexed)) ,
R T, TR SUNAAN TR MR

RSN BG A5 R, ATEEFAE S G PP-1 Al PP-2A 16 DL —Fh 35 S 44 i 754
(dose-dependent)y 32 |4l MC-LR AYHIHI[1E] 3-17(A)], SEBOX IR ES)EFRY
1R % 50%MBER 3 600 ng/g FHLISIHR, R & &Ik 2000 ng/g A
LUSPHRET, WRE 1588k, 2 100 ng 9 MC-LR #Es MBS a2 5k h Xk
i, 7EH AR T CEAGINE] MC-LR, 4745 #id 100 ng/g F, MC-LR #)
RS, S ES R 2000 ng/g B, IR (recovery rate) 5t EERHE N[
3-17(B)].

4. HUE AT R (80

Xie 852004l it PR Jr =, AFFT T X e e BE R () RARNEBR AL . 52
I AR FEE SR B H A B AR BT 9 —Ttb 3% (Chikato Pond), £ (/{3
(Microcystis viridis) 5 BEIAEYIE ) 90%VA L fiEFZH[(10£6) ] H Saitama i
AN HE], SERHERIAS KIRAR(ZA 1000 L)k T, SIREA 40 R, ST
[ KA 15.5~25.3 C(F 20.7 °C). SEHIL5 N EFA FIB), 77 H 5 H
2 8 JI, AP A FI B B MLk (A e, IR 5 KRBk, MRREELE AR
15~25CHF 9 HAR(H Y TIRE Y 3%~12%)i4 74500 . 76 B ZbHid, 40 K515 1R
MOk A IRAERE , R4 ORI 40 ReBA & i s = VR N TIARL; m7e A b3
H, — BRSO . TR 20 K, A3 B APS ERA SRR TR 10 i
wl, BOSERALA . ik . R . s (AR RE A ST MC 958, 9 A 3
HWIZERES 3 B, mTFEEMEFRE SRR, Mk ani®E, i
A R Y K (B 5 P e ) At . A PP A9 K o B R R A ek D T R DL R —
FEMREIE . AL WIE R AR I e i DL SE AR /K o R B PR ) MC
S HPLC YEE T2 |

it R A B 2R (0 f 8 5 i MC-RR FT MC-LR B35 54351 R 268~580 ng/g
DW K 110-292 pg/g DW, 7£ A AfHFokr 7747 i MC-RR 1 MC-LR 195 &43
N 41.5-99.5 pg/g DW K 6.9 ug/g DW ~15.8 pg/g DW(& 3-18), Ik . AFAEFIIL
N H AT MC-RR B9 KAE S5 49.7 ug/g DW., 17.8 ug/g DW #1 1.77 ug/g DW;
FE MR ATILPRRE i A A I 21 MC-LR BA7AE(E AR o 0 — skl iy, HL
AR (K 3-19) BEARAAMARFEF A MC &, (HARBAE, MC XHHHZER IR
WK, FEORMARGEARAE | Z45 . AR G LURIURER (0, Tifs 1R 3 0RAT B2 1R
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40 K7, NHREFAWEE FIEH L S(E 3-20), KU, TERmRERY], A/"E
A B KRR AR T 2003 4F 11 15 H DAIZ I SR AR 1y B i 1M 2885385 A5 AN [+
FERERREAL NG, Horh—RRE 0 Ao B RE LN 41 Sk (18] 3-21).
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2o
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73 50
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-D'—<‘ Q
m ; 30
H 8 20
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23 0
%é 0.01 0.1 1 10 100 1000 10000
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EE= -
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(51 A Tencalla and Dietrich 1997)
Fig. 3-17 (A) Inhibition of protein phosphatases 1 and 2A contained in trout liver homogenates
by pure microcystin-LR; (B) microcystin-LR recovery after methanol extraction
of the same liver extracts (Cited from Tencalla and Dietrich 1997)

- 67



SS Hf#) MC in seston/(ug/g DW)

g F A R 4 B
% of intestinal weight in body weight

Tank A Tank B

Chl-a/(ug/L)

400 p s —o—'I#FaChla _ 760 400 —o—M#E%a Chla 760
- - A - A Cells g 8, .- AUEH Cells
300 ¢ b ? 23 ~ 300 B M
140 SE E) 140
2 Es
200 f 55 < 200 F
®S =
420 = % @) 120
100 | = 100 }
0 . . . . 0 0 0
S/Jul  24/Jul 13/Aug 2/Sep 23/Sep S/Jul  24/Jul 13/Aug 2/Sep 23/Sep
3] Date 134 Date
Tank A § Tank B
400 —o— MCRR ib 400 —o— MC-RR
en
[ - B Ex
300 b A MC-LR \E_,
8
3
200 F z
s
100 F =
0 , E
7]
5/Jul 24/Jul  13/Aug 2/Sep 23/Sep S5/Jul  24/Jul 13/Aug 2/Sep 23/Sep
3] Date HYl Date
=—0—" TankA é —#— WT. —0— TankA
s B 0 ==& -+ Tank B
10 an < 800 30
i 2
) 22 e 25
6 pe
dE 400 20
4 L]
& g
2 = 200 15
g
0 L 'l 1 J E 0 10
24/Jul 13/Aug 2/Sep 23/Sep 24/Jul  13/Aug  2/Sep  23/Sep
H Date H ¥ Date

P 3-18  SERAK T 43R a(Chl-a) Ik (URAERANIEL . ORLETEPI(SS) i
MC-RR Fil MC-LR . J7 di R 1 205 i DL B — I P A
MC &R ZE(G] A Xie et al. 2004)
Fig. 3-18 The dynamics of chlorophyll a (Chl-a) and Microcystis viridis cells in the water
of the tanks, MC-RR and MC-LR in the dry seston (SS), percentage of
intestinal weight in body weight, and MC intake
per intestinal tract (Cited from Xie et al. 2004)
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Fig. 3-19 The changes in body weight of the sampled silver carp, and the dynamics of
MC-RR and MC-LR concentrations in the collected Microcystis viridis cells, and in the

intestinal tract, blood, liver and muscle of silver carp (Cited from Xie et al. 2004)
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F3-20  SCERASTRI(9 J 23 H)PAS b PR AR T 25 L A5 (PR Pl g siR 42 43% )
Fig. 3-20 A morphological comparison of the gallbladders of silver carp from fish
at the end of the experiment (September 23) (Courtesy Xie L Q)

K 3-21 2003 4 11 H 15 H, WRATEAREBKEN 2/ 2 ZHERER
BEAARSE, ANk, XREEATE 300 g(BIR HIZEAT . BREG RS AR L)
Fig. 3-21 The gallbladder (like a stone) of silver carp collected on November 15, 2003, from
Lake Xingyun (in Yunnan) where a heavy toxic cyanobacterial bloom occurred.
Body weight of this fish was 300 g (Courtesy Li L, Chen J and Zheng L)

A B2 A BER U, LR P AR I ) MC-LR B /R EAR/D A MC-LR Zidfi
49 H B DN S A I YR B o 3 5 XoJ o 8 44 (%) 0 MR S 56 P 45 SR 58 2 AN [R] (Tencalla
and Dietrich 1997). 7E Xie Z(2004)Y5E80, SR LN 20 KAy, 7EfER i
ARSI 21/ B MC-RR, T L4848 A1 24 80 (1) MC-RR 72/ AL AR,
XATREULRH, EHPINY 20 X, MC-RR MM EIFAE SRR w2 M, DIZE KRR
FEME PRI, (B4, BEEFPIEF MC-RR BT 2R FEXT MC-RR Wik RE
FI TR, MC-RR FFAA7E MR RFL, X i/Fnl DU#ER AT MC-LR K RETE MK
RGN, T ENAT AR R A AE . {HJE, MC-RR Al MC-LR ZE6EAR 1Y
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X K22 AR B LA TSR . Xie Z52004)HEM . @ TEBERIHALIE S, £k
Bl AL R, PTREAFAE BRI G BRI A MC-LR BIHLE; @ BERTREAEE AL
il BELEPE R HIBH 1 MC-LR ZEad B RE . 438 , o 6804 %38 J& MC-LR Y T 557 Fi «
1E 3 RN, JHAEFIILA A Z2FE MC-LR AS & B 1) 5%F1 1.5%(Tencalla and
Dietrich 1997), Mi#E 24h W, HAEFINLEA 1 EFA MC-LR AR M) /Y
0.28%~1.29%(Bury et al. 1998), ;X Fl%} MC-LR (/)5 B S it o] RE7EBE/S 5] TR Kk
J'&. MC-RR XJfaZ st ios i, R4 E 28T KiE MC-RR, {H
HARMELFIBET, F£H MC-RR W 115 7] EFUIN

1M 9% . FFFEFTULPI XS MC-RR P98 bR 208 T IR . 5% MC-RR 17
BRARARYC R M > RE>AILIA) 33655 2ot S s v i SO 5 281 P B P P AR o 98 T
MC-LR 75 B AHEA—%] (Tencalla and Dietrich 1997),

ML BEART, % MC M55 14 1T B8 32 2 HA: 08 20 1 S 3 A
FEMA(Xie et al. 2004), ZUE TR T AR REIL AW BERE MC 2T INES
FEIREE Y+ 35 0 25 S NMESS (Snyder et al. 2002)., Xie Z5(2004)iA K, IRt
5T g HL HA B P £ 2R MC BT R

B0 A T A2 BT, AR AR 53 B KT sk AR iR A )32
U, Disbt b s A T A S A T B E SRR 2003), BERRL T FEELIE
T A R S A R AL (Xie 1999), UL, 54 T ZEAIXT A K FIFLE R 3RS |
PLIF s AU sh 0 & R TR] i 6 Ak it F b % SR TE B T X% MC 1Y
BORRYHUHEDRA L R AT (Xie et al. 2004),

XA B S 1 SR S AR R AR YT R AT R 8 TR A —— DR
WEIRFFEIFAIE . 20 28 70 AR 80 AR, ZRINEHAE L 280 Kim il s
KBTI, BRI e (Microcystis) . a2 ¥ (Anabaena) M8 % (Oscillatoria)
(Xie and Liu 2001), HR 1984~1986 4F-M ik KA /INA FRAT BE(IE I 1519 LDso
o 100~370 mgkg T M. aeruginosa)(fiT5%55% 1990), MiFIFH 2P 4 MARHIRAER K
TERERL (M. aeruginosa>90%) W IR RN EEE ST 26, 8EXT M. aeruginosa WI[RIELE A
35%~48% (/K 26~30 C)CREFIXECHE 1983), WoME AL, 20 4D 80 4E4LH
WILUG , AAUE S v . B30 R L THBR OB BR T AR Ko R A i B
WK E(Xie and Liu 2001), Rk, Xie Z5(2004)I\Ny, X4 25w A RE M
AR Y 2 B KRR ) s s R TS L
5. R WS T i A AR AT A R A AR A E R (LI B A )

Soares Z5(2004) TR, WIS T LA AE A (Tilapia rendalli) %)%}
T i i 2 R AU DR AL . S0 FH A0 B 1 B R R SR T 48 B (Microcystis
aerugionosa) (NPLJ-4), 43 H Jacarepagua 9], F ASM-1 £553EEE 7, R
YRR A B R AN Y38 3 VRN 2% B (agar) il OS5 Gelly MR 247 .
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B e taghta[(5+1) em] B A —ihYE, ZHIEAGA RS . LI 60 L A
7K (dechlorined water) 7K AR FPREAT, ZKIEARASAE(23.540.5) °Co SEIAMN 3 4,
RUUHEH 3 A KGR (— N IKIRA AT R, B KIRA AL B, B KIRAR A
20 Bfa, SH—4ISEITERT 15 K, X2 AR iR A R i A (R
20.4 pg MC/J8), MifEE: FoRIM 15 K, UMMkl 55 4505, (P dEf
PN BRI AN (R 14.6 ug MC/RR), FeFpek 28 Ko 25 = 41505, XIF
PN fo frl Rl TR A TR B AN (B R 29.2 pg MC/R) (R ZE T Ik S 1 1
), HeRpsr 42 K, FARFE . IR RIS H A9 MC 55 BLISA S 7 E

JHRE B = 1) MC 5 12,8 /) H IR AN A% M B (e S 4 L %) 5 — 20 5556
(# 3-23), fES—d5E5H, PR MC % 5(0.6 png/g) i HLE SR, 1
JULIA A 5 25 ) MIC 75420005 /) H BTE T B 40 , i 437 B3 00T g 2 06 v 357 EAG T
£ MC IIAFAE(E] 3-22) RAFEE — 415050 Fu A — 41 5256 MC AR 25T 50%,
H55 AR rh B HE a2 g MC SR 3-24), xR, HAbE
R AT BRIt R 4L rh MC 1) B % Amorim F1 Vasconelos(1999) i ,
FEIEBRBIMES 14 X, 5SRRRRIN B R MC IAFLE

0.70 (A) (B) —a— JIFIE Liver 0.08

- & JJLA Muscle - 0.07 o
L 0. =}

o i 0.50 29SS
<% 005 S @3
2 2 040 co04 E2FES
28 030 aic?
= ~003 EEEZ
= .§ 0.20 0.02 e k=] = =
£ - 0. [T
@]
= ol . : - 0.01 = =

0L —»--ce yoel “e—t 0,00

3 6 9 12 15 18 21 24 27 30 33
] Time/d

K322 1R RBUA)FEERB)Sg T, L0 2 AR LA AR P ) MC &
TRV BRI B, ZEh i MC &t BoR7ER . 7Einsisrh,
JBE SRR 0 i e PR R A A R S 2 0 R 2 i
(MC MR R 20.4 ng/F2)
(51 A Soares et al. 2004)

Fig. 3-22 MC concentration in liver and muscle of T rendalli during the accumulation

(A) and depuration (B) periods in the first experiment. In the depuration period is also

presented the MC concentration in faeces. In this experiment the jelly food contained

commercial fish food plus toxic M. aeruginosa cells [MC offered to fish
=20.4 pg/(fish - d)](Cited from Soares et al. 2004)
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F3-23  FE5 ALK FCREYUT A RSt MR i)+, 2B AR AL
FUFFREFF ) MC & (MC BRI BK 14.6 pg/FE) (51 A Soares et al. 2004)
Fig. 3-23 MC concentration in liver and muscle of T. rendalli during the second

experiment in which the jelly food contained only toxic M. aeruginosa cells
[MC offered to fish = 14.6 pg/(fish « d)](Cited from Soares et al. 2004)

3.00 0.12
—a— JIFIE Liver

. * @ JLA Muscle = 0.10
L5 200 : 008 %,
) : S
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2z &3
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— 0.02 =

0.00 . . T T 0.00
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fsffE] Time/d

Pl 3-24 155 =20 S0 (RBTR 3% e T R R 4 1 A A i S T e e ey, 200 %7
Aefa LR FIFIEH ) MC & (MC M /R 29.2 ng/E) (51 B Soares et al. 2004)
Fig. 3-24 MC concentration in liver and muscle of T. rendalli during the third experiment in

which the jelly food contained commercial food plus lysed toxic M. aeruginosa cells
[MC offered to fish = 29.2 pg/(fish * d)](Cited from Soares et al. 2004)

6. TR i B g e A A TR R R B R AT R (B )

Li 25004 E IR =X, BT T MC FEfta(Cyprinus carpio)FIEH ) 22
AL SEEG A B W O TR (Microcystis), R Hifi[E Naktong YISRIAII/KAE
£ R [ 5 ] [ S e F9R 5 & R FITAY) Jinhae PR B OIS 43 Fr, K EE R(322436) g,
SCEGAE 400 L /KIGFEEEIREA 10 Bt Rt T, KIEFFEQ0LD)C. BKAER
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GAERDI ARt RS R MR ERTRL R, R AR 50 pg MC/kg 1A,
UM T TR MC % LDso 19 1/10, SEEGHEE T 28 K. SZERLs I, Husifa it
WEALA T TR 00T, #Z 5r1] PPIA BallaE ., 25930, JFEPAY MC-LReq
Tk (261.0£108.3) ng/g WW, LA H) MC-LReq 75 1 4(38.3£12.3) ng/g WW.,

7. HR PR B N B g AR A T 0 R R B IR B 1B ORHGR F AR 1)

Zhao S5(2006) 38 1 15 PR [7] L 451 4 o 2 g s Ay AN 1 f Bl il b i TR
BB T MC 7555 8 4R Carassius auratus gibelio) RN & i B Hh i) 2RI
SR [ M — A, TREEEESEERE B R . R TEIR S
TERR R LB 500 0. 15.2% . 29.8% . 44.7% . 59.6%F1 74.5%. SZHFFUATHT,
W TR ETE = NIE R, 5 1 SRR R PR S e, 5 2 SRR
HR A IR R . SEIGAE— 1 30 AN BEES AR (B2 98 LA i /K 77
RGP HAT B 30 NBEANATRENLHL Yk 6 NAbEE, RS BRI IR A
Tkl BEADEESAATESE 40 RS E A, SCI TR, SRR EZ N 1.22
go FERFEMUERIFIR, FRUER RIS . Lo Rpa 12 J&, S2adbiE
KIRA 18~29°C. SEIRAS T, Byl . AL, BRFEFIMEAE, kT8 H
TR, MRt HSh e R S H ELISA WL il . 23l 12 Ry
W, BEE AR MC SRR, SEREIIA . FFE . IRZEREE ) MC
SRR BR BT SN (& 3-25, R*=0.89~0.97, P<0.05), JET-REFHMN, H
L 0 R 0 AR, XS L B ORI R it Y 2 UL T b 3R %X (apparent
digestibility coefficient) fi. 2 FF; MC & LUNTAER R, BHZEFMAER >, DA
i3 3-4),

* 3-4 BERAREANSERHNALADE MC-LReq R E(FHELSE)*
Table 3-4 MC-LReq content (ng/g) in tissues of gibel carp fed different diets (means+SE)*

%} Diet LA Muscle JIFIE Liver B4 Spleen lB%E Gall bladder
Diet 1 (0.00+0.00)" (0.00£0.00)* (0.00£0.00)* (0.00£0.00)*
Diet 2 (0.019+0.003)™ (1.6940.14)™ (1.4740.53)™ (1.7940.32)°
Diet 3 (0.030+0.002)° (4.14£0.36)" (3.09£0.22)° (4.14£0.91)°
Diet 4 (0.06240.019)° (6.58+0.67)° (5.3240.99)° (3.5620.32)°
Diet 5 (0.147+0.035)" (16.81+1.56)° (7.7240.77)° (6.25£0.20)°
Diet 6 (0.171+0.030)° (40.80+6.22)° (8.9943.02)¢ (10.5620.59)°

* AR AR (AT B35 25 53(P<0.05) (51 H Zhao et al. 2006)
*Means with different superscripts are significantly different (P<0.05) (Cited from Zhao et al. 2006)
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’l3-25 2t 12 R s ER M A TAamB R G meE, FEmmEILA . .
JRUIE AR s i MC & B SRR MC Ei95CR (51 H Zhao et al. 2006)
Fig. 3-25 The relationship between MC-LReq content in muscle, liver, spleen and gallbladder of
gibel carp and MC content in diets after the carp were fed with a mixture of
toxic Microcystis cells and artificial fish diet for 12 weeks (Cited from Zhao et al. 2006)

8. RAAAMENI MC ELRFHETHHRAERE F4)

Mohamed I Hussein(2006)tf 5% T jth 3% H A& K 19 Je B &' JE #4.(Oreochromis
niloticus)VR PN B MC 1ESZI0 2540 T BITERRALEE . FH TS50 Je B B HEfa R/
4 150~200 g)K F3% K Sohag T f—fhaith, i fhsth H H A BRI SR e B K AL BT

. KM FEFEZRMFE MC-RR, MC-YR fl MC-WR, #ERHHFRESEAN
1.12 mg/g DW ., 45256 6 it 38 Hp i 5 A — B ik 2 b, 12 35088
FIA TR . HF 30 A —RA B E KA RTN 100 L (ZKIEA T, AR
FE(25+2) °C, SEBGFELE 96 h, FHEMJIFAL. HFE . Wi RS ATRKPHER S
1437 ELISA F1 PPIA %€ .

PR (ELISA 1 PPIA 1)l (A FFAE | IREE R P IR e iR &%=
5(P>0.05)(1&l 3-26 Fll&] 3-27), Mi/KHA AR & HH ELISA e B T
JFH PPIA VR A2 145 (& 3-28)., ##E PPIA fIESE R, HEhMHE SRR E
TR, 25, Sahin 25(1996)% PUAT S HHAE () MC &8 R FIE A9 & LA -
Mohamed F Hussein(2006)IA >y, ZE/KIRAEHT, —35r MC W] BERE AN 1A % 4 A E 30
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JR(noncyclic) 254, T IXFI =M A BE 52 M & (UM RR B 1) 76 1, {HARERY ELISA #EH,
A AT E K AR TP YRR R S, ELISA B35 T H PPIA W:p9E

45

3.5 _
3 m /I Liver
B /4 Gallbladder

= 23 i @ W%l Intestine
Z ,
o0
&
S 15 A
O
= 1 A

0.5

0

0 24 48 72 96
ffiA] Time/h

P 3-26  SEm il ELISA Bl 2R (e . IHAE Az IE iy
MC ¥ JZ#9784k(5 | H Mohamed and Hussein 2006)
Fig. 3-26  Changes in MC concentrations in livers, gallbladders, and intestines of tilapia fish as
determined by ELISA throughout the experimental period
(Cited from Mohamed and Hussein 2006)

2.51
B [P Liver

Y B JIA% Gallbladder
§ 151 O Ji#ik Intestine
o0
&
) 11
2

0.51

0 T T T T
0 24 48 72 96

A 1A] Time/h

F3-27 SRS PPIA YAINAS A9 2 Ak (P . AHAEFNZIE H i MC kB 24k
(51 H Mohamed and Hussein 2006)
Fig. 3-27 Changes in MC concentrations in livers, gallbladders, and intestines of tilapia fish
(ng/g) as determined by PPIA throughout the experimental period
(Cited from Mohamed and Hussein 2006)

THESE R, T/ Mohamed 1 Hussein(2006)A9S2Ee, A /K iG46
e R R 2o, TTRE AR S PR, XU A A AT DAY S
B BIEZEL 4 K, SRR el ] MC AETE . MGXANEE S POk, A&
SR NREARAG LA (TG BRSELS , PR nT REAT S s A R . LATRIRAE N
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BAE RTINS . HHxt B B S A RERAE 1990).

1.6 7
1.4 1 B ELISA O PPIA
1.2 9
14
0.8 1
0.6 1
0.4 1
0.2 1
0 -

MC/(ug/g WW)

0 24 48 72 96
f[E] Time/h

K 3-28 scEeinlEE ELISA A PPIA ¥ASA9 H ok MC Ry 1k
(51 H Mohamed and Hussein 2006)
Fig. 3-28 Changes in MC concentrations in the surrounding tap water (ug/L) as determined by
ELISA and PPIA throughout the experimental period
(Cited from Mohamed and Hussein 2006)

0025 1 g i Fed
0.02 O Jligk 7 K Fasted 7 days b
= ’ & JJ1ifk 30 K Fasted 30 days
[0
5]
= 0015
&
2
I~ 0.01
)
@]
= 0.005

IFA] Time/h

[§3-29 1£ 10 pg MC-LR/L ¥ P20 1 h, 2h 1 4 h )5, #6465 s AF4ni H i MC-LR
WEE . B FEIEES D.(n=9), B=OA—A EARTRAHIFE P LRI BAT B35 25 5%,
MHAAE P<0.05 A#E4E T4 22 5:(51 H Malbrouck et al. 2004b)

Fig. 3-29 Concentration of MC-LR in isolated hepatocytes of juvenile crucian carp Carassius
auratus after incubation with MC-LR 10 pg/L during 1 h, 2 h and 4 h, respectively. Data are
represented as meantS.D. (n=9). Bars sharing at least one common superscript are not significantly
different, whereas the other comparisons differ at P<0.05 (Cited from Malbrouck et al. 2004b)

9. 32T MC-LR 75 (AU Frds 8 40 28 o o 40 & 4f f 7R ) 05 84 T 2 )

Malbrouck Z£(2004b)iF55 T MC ZEYUIR AL A4 43 15 A e JH- 40 At HH )
BRI, SEEA0 R 30 g R/NRIE St SRR, B L gEeT 3 FhORTRI Y
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QOB RERHE . YLEE 7 KA 30 K, F4H 30 B4, RSN 3 A4
FE K 10 BAR RS IFE—R) o J3 B 10 A0 A3 1 SR (collagenase ) Ab HH Ak
o BB AN E T 10 pg MC-LR/L I+, 2051+ 1 h, 2h, 4 h BURE T
JEAIAR Y MC i, R Jridih PPIA 75

MC-LR 7E43 B (4 AN (TGS & WU A ) b 28, (EAEY Lkt 3
FIRFANIE PR, it 1 h RER, Zad 7 KYURALBLA 4 i MC-LR %
HON RN BRI 3 A5(E 3-29) SEERHANE], DU BRI ) MC-LR 7£
1 h BRiAEIRAME, HG 4, s FFAIAE - &) MC-LR &2 F
Ft, 7 4 h IRF (.
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BENE BHHAKEH MC EEENMNEDNRR

TEATE R B AR R, MC e AP & R B (HZ0) R A B R
FABARHE, BEHECRBIAERN LA, X —L2E KK e K7™ i s
JIt o FEAIARDOH R ELITA A 2 e K A R A B B S (b )R, 7™
[ MC {5 G0 AR AN ZE 20 . BRI SERIT SO E 1 ] 28 1)
TS MC &, (HIE PRI 2 L b i R S8

— . VY Jacarepagua 5 i H RO £ 5 AE £
RN MC 58215481k

Magalhdes 5£(2001)%JELPH Rio de Janeiro Ti— &/ i#fl(coastal lagoon)—
Jacarepagua V5 YL AR (Tilapia rendalliyPR N AOTLRE B85 25 1) BRUE LE
F1T R 3 4(1996 4F- 8 F~1999 4F 11 H)ABHFTE . IR 3.7 km®, P57k I
1.5m, BFKFE, KA (Microcystis sp)/KfE, Fr AR, MHE
FAARAN & PR R A 2L 2 A PRIFAEA) MC IS © TR KRG
(20 15175, VIV/V)EAT AN B AR AT A I (viscera) Y MC 28 HY I A U 5
H Cig/IMESifk, Y . B ARSI B MC %50 HPLC A0, 1
AN MC &5 ELISA & . W8 MC-LR Y1, FEadE i i
i

Magalhdes 5(2001)1) L5 AT (K 4-1, & 4-2 FI5k 4-1):

1) FHEXT MC PFEHARTR, R R A AT A IE . JHEERIL
PR ARG 1) B 2R

2) RIME7E KA T R 7E B h G A 21 MC REH , 588 AT LATE T
JEFRAILPA A s MC.

3) MR R MC ik 31.1 pg/gCEYIHk BE R AAE)BT, JFERE 30 5
i (abnormal) Ifij 72 [f.(hemorrhage), I K /N (liver lobe) S FLLL fh (red spot)/)d
Beo SR, AEREAEETTIE], BIEEREE YR MC &R IL 979 ng/L, dARKEE
BRI T- MG, BT REA i R G R B s LS. T
Tencalla 45 (1994) il L% 2J) £ WV R T A 0 2R S S U B B (MC I iE 6.6
ug/e BW)Ji, £id 72~96 h, M%)t 20T,

4) LA A MC =2 ERAE N 337.3 ng/g(1999 4F 9 H), H24F A HHEL
oM 1.68 pg/kg s AT 210 A4 H $ B (tolerable daily intake, TDI)AY 42 £5.
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(5) EMP et RS, BEATERABIRIAE, 71.7%0) LA S
it H i A TDI(0.04 pg/kg BW).

1000y  —« STI (B). —— ik Liver 80
800 - (B) ) I
| = ST2 o A Viscera | 60
600 i ] 40
400 ; :
200 _ /\/\J\ 20
0! ERY VT 6 Boedge | ¢ 1 W S i 0
30 —————— —1 0.14
251(C «— JILIA Muscle (D} —= EDI : 0.2
i TDI £ 0.10
205 1 0.08
15 1 0.06
10} £ 0.04
5 £ 0.02
£0.00

(=]
96
97
/97
/97
97 |
97
197

|

98
196
07 |
97 I
97
97
97
98
/98

s 2 5 = 2 2 A AR 2T 2 3
. . = ]

Nov,
Jan,
Mai
Mal
Jul
Set;
No
Jan/98 |
Mai
No
Jan,
Mai
Mal
Juli97 |
Set .
Nov;
Jan,

Bl4-1 1996 4% 11 H 2 1998 4 5 J L, (A) RAEA 1A 2 PR E I Y (ng/L)s
(B) L NNERFIE(ng/g)FI(C) WLIA(ng/g)H MC 5 1t LA K (D) EDICf 5 H £ HUE:
ug/kg)IZT75 4k, TDI(H RHEAIE)= 0.04 ug/kg(51 H Magalhies et al. 2001)
Fig. 4-1 Seasonal changes in MC concentration in: (A) seston of sample sites 1 and 2 (ug/L); (B) fish
viscera and liver (png/g); (C) muscle (ng/g) and (D) EDI (estimated daily intake, pg/kg) from November
1996 to March 1998. TDI (tolerable daily intake) = 0.04 pg/kg (Cited from Magalhdes et al. 2001)

3007y ST B) ¢+ e | 0
250177 4 coST2 | A Viscea | 60
2007

1501 [ 40
100 | § ) . 20
301 '\/J:\. . -

[, - © 0
0+ T 190
3001 (C) ~JJLIA Muscle ] s
200% L 1.0
100 - £ 05
ol R i T

oo o v e > o o B oz >
553825 2558858
=¥I®E8SIE =¥IZgss3Ic

Bl 4-2 1999 4F 8 J1 2 11 ST, (ARMES | F 2(ng/L)RIBTRLEIEY) ;s (B)HL P IE R
(ug/2)FIC)HLA (ng/g)H MC &1; (D) EDI[ug/(kg « d)]AIZ T8k,
TDI=0.04 pg/(kg - d) (5] A Magalhdes et al. 2001)
Fig. 4-2 Seasonal changes in microcystins concentration in: (A) seston of sample sites 1 and 2
(ng/L); (B) fish viscera and liver (ug/g); (C) muscle (ng/g) and (D) EDI
estimated daily intake, pg/(kg + d) from August to November 1999.
TDI = 0.04 ng/(kg - d) (Cited from Magalhaes et al. 2001)
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®4-1 BHRFY. AMFTIESHNEE. FFREFMAAHEH MC &£
Table 4-1 MC concentrations in seston, viscera, liver and muscle of Redbreast tilapia

H 4 WL PN A JFRE LA

Date Seston/(ug/L) Viscera/(ug/g WW)  Liver/(ug/g WW)  Muscle/(ng/g WW)
1996 4 8~10 A 0~1.7 0 0 0
1996 4F 11 A~1998 4 3 0~980.0 0~67.8 (13.4) 0~31.1 (6.3) 2.9~26.4 (10.7)
1998 4F- 4 H~12 A% 0~1.61 0 0 ca. 2~6
1998 4F 12 AAK~1999 4E 5 A 0~48.8 (17) 0 ca. 0~14 2.4~81.8 (29.9)
1999 4F- 6 H~8 H#I 0~17.1 (4.7) ca. 0~69 ca. 0~1 9.7~42.9 (27.5)
1999 4F 8 HJE~11 A 0~257 (46) 0~71.6 (14.6) 0~15 (6.5) 2~337.3

(51 H Magalhies et al. 2001)(Cited from Magalhdes et al. 2001)

.. EVH Sepetiba £, BEFIEMAN MC & EIFTTLL

Magalhies %5(2003)F 1999 4£ 1~11 H XHi T EL P L3P /51 Y Sepetiba 12
gt AR AR AT R S T AR T T OFSE . IS AL 510 km?)
eap, TR .. BN, SCER RIS, FA Cis /AMEgif,
MC %8 ELISA 3:005%E, WA MC-LR 48, S EE s,

I MC Fim (Bl 4-3)56EAIAF MC S aE(& 4-4) A 768 25 TR e
(r=0.96, P<0.05), X 1iH T 35 2 M E(PT RS2 00 8 ) 21 40 Gl ) 18 20 ) ) T 40
Bo hARMNT MC &R A IE BRI (1 1), Magalhdes 55(2003)1A
S, MC RERT Il i A R, tonT Dolad 26 1 (clay) WK H 82 HI(MC AT RERETTAR
TR ), TR — H IR SR (detritivorous), AT RE AR £k 26 & MC
IR R R T s . T 25%0fa R AT P i MC it T3 DA
ZL(WHO)HI5E 1) TDI FrUE[0.04 png/(kg - d)], I, 75245 Wil Sepetiba T2 ()i
PR MC S, Bk BRI R

0.8

ST1 ST2
I~ 02
sioin Dol ol e
§5 M ST3 ST4
=3 024 H 1
0.1 1 {
00 Lo | o can =
583555:5532 5855852532
[¥] 4-3  Sepetiba & 4 RAL PR FEY H Y MC 782 (5| B Magalhées et al. 2003)

Fig. 4-3 MC concentration in seston samples of four sampling stations in Sepetiba Bay
(Cited from Magalhdes et al. 2003)
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40 == Crab
== HF Shrimp
30
ey
5 20
S 10
O
= 0 .
§82585:2582
H 1> Month
B 0.6
® l —QMhJ
02 M = Crab
: == i} Shrimp
= — TDI(WHO)
é" 0.1
5 [N |
= . | 'En
= 00 =
- on -
2 22255325237
H 1y Month

Kl 4-4 (A) M Sepetiba EERAERIMALA . AFFEEAPIAY MC 550
(B) MR AT AN 0 5 e Al A 4 R BRI
MC #H(TDDHJAEML (51 H Magalhdes et al. 2003)
BELRFTR WHO Hiy 58 B4R R iF BB A
Fig. 4-4 (A) MC concentration in fish muscles, shrimp and crab collected in Sepetiba Bay;
(B) Variation of the esteemed values of daily consumption of microcystin
(TDI) starting from the concentration observed in the analyzed animals
(Cited from Magalhdes et al. 2003)

The line represents the allowed daily total ingestion, established by WHO

=, BEA e S B AR N MC &

Mohamed £%(2003) T 2000 4 6 JJ 5% 13 K— i iy Je 2 B (Oreochromis
niloticus) AP MC & #8750 m®, {7 F Sohag 4R 15 km®
Abo A — AT, AR LA £ R SrORSOR 4 T K (fried) o RN L
(smoked)ffi . TERFAFRYTRARZTT(4~12 H), fajtsp#fas A A ™ 5 (0 H S i e K
o Iz ORI AR A E (. JHRE . B ERIALRDH ) MC & H]
FRSAE U C g /MEAIALIS , FREEE S i (ELISA) RN E o 5 fa 9 g i Hh fufe e i
MBI 220009 3 41 5 1 AN D (5x10°~10x10%), 45 2 ZH Aot
Z(10x10°~15x10°), 45 3 AR Z (>15x10%), %MW P RS EYRIL 6.7 ¢
DW/L,MC 4 1.12 mg/g DW.MC & & 15 e (B H BRFE A T (821 ng/g WW),
VR (531.8 ng/g) F'E (400 ng/g), T ILA FP & S AR (102 ng/g)(J&] 4-5).
B EFTILIA H ) MC F 5 5 A TR AF AR DG (-=0.92 FiT 7=0.96), AT,
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JPIE B 5 AR 2 L U PP A R T B IEAH SR (-=0.74), R MC S8 T %
ARAR A IR .

1000 7 @ /il Gut

900 { @ JHFME Liver
800 1 B B Kidney
700 1 O WA Muscle

MC/(ng/g WW)
D
5]

141Gl ' $241G2 ‘ H341G3

[ 4-5 M\ El-Dowyrat #a37°RE K JE X B E M (Oreochromis niloticus)ifid . L. B Ik
FYLP 4 H sl My i MC &1 (ng/g 8% 3) (31 B Mohamed et al. 2003)
Fig. 4-5 MC concentrations (ng/g fresh weight) in methanol extracts of gut, liver, kidney and
muscle tissue of the freshwater fish Oreochromis niloticus collected
from EI-Dowyrat fish farm (Cited from Mohamed et al. 2003)

Mohamed 45£(2003)iAh, MC TEfafq i BFEME R r= B s EEM, W
A RER I L MC 2R ATKT . e ARy 60 kg, LAY
TR 100 ng/g K, AASERIRE TR 9 100~200 g fh, SEAR Y FHEHCT
10~20 pg A MC, X KA tH L T A 21 406 MC-LR A4l B2 4 TDI {E[0.04 pg/(kg
BW - d)]f¥ 4~8 fi%. 1 MC HAHFEM:, S = HEBRMER HA% IR (Harada et al.
1996a), BHIL, B %M Y 2 HE ) fa e A 1

{EAHFE A, 7F Mohamed %£(2003)AUTF5E R, Kt iz i o e B4 i iy
FX 2040 R 3 R BIE H G MC ISR MC S ICR,
HRFEZ R T R . AiRNG MC &8 — L 2R, AR
JEH R E R ITE ;. R E DI MR B BE L SRR,
B, IR RE R Al AP AR 25 5

VU . % IR KIR AR N ) MC 5 &
Vasconcelos(1999)4RiE T %% 4 #7 Guadiana ]+ 2] G35 (LA AY
MC i (E T8 ELISA (3 4-2), S &EIFARIRE, (HEFp ] R i AE
AR
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*4-2 HEFRKKEPAEEEXFTEHSH MC 2ENEXEMS/ME
Table 4-2 Maximum and minimum values of MC in edible parts of different fish species
collected in Portuguese freshwaters

FhZ& Species MC-LR/(ng/g)
#i46s Carp (Cyprinus sp.) 50~280
/Mt Barbel (Barbus sp.) 0.7~120
19,3 Grey mullet (Lisa sp.) 8.5~110

(51 H Vasconcelos 1999) (Cited from Vasconcelos 1999)

o, R EEBAREFRARAN R MC &

Xie 5£(2005)0H5 T IR E KA K & E IR0 ——R A Rl 256 MC iy B
U SRR Z A KA TSR R R, RSN I B (Microcystis)
HA RV (Anabaena), HZEFRERT 2003 4E 9 5% B EJGEME, R4S 8 fhfak
(F 4-3). FEREFIMMAIR, WEME@IER Y. DR, IR, mi. &
WREFIREAE , R TIe TR0, AAHgih il MC &5/ HPLC ¥E:lE,
I LC-MS 1 7E HEorHr -

HLHHE BRI MC & iR 240 pg/g DW. ¥ 8 FHa & 8 Bl MC &
V34, g E AR A s (MC-RR + MC-LR 439918 22.0 pg/g F1 14.5 pg/g
DW), AP, BHSEREFIER Z (G390 7.77. 6.32 #15.81 pg/g DW), JLATFRYS
HI (181 pg/g DW). WA MC & ez & P25 4 3.26 pg/g DW)FIA
IS GRME 1 2.22 pg/g DW)H R &, FETFIFHEY) &1 A 25 1.65 pg/g DW)FI
FEE AR 0.660 pg/g DW)TIRAL, BAREER, &9 H i MC % 1(137 pg/g DW)
HE A £628(<6.50 pg/g DW)s i 20 245 (181 4-6). FFIEF ) MC &2 B
> BT 2> TR M 2R R vk s, e S S B AR
(RS TR &> > B2 Xie 55(2005)511%4 T 4 Ffraf
REMYJEE . OREHEARITRERF THEZM MC; QIR &t ta 2] gE g
PRHBFE A MC; QB 28] el i T4 1L LMW S A2 il 7 MC; @ 1
RHEREMZEEER.

TE Xie SF(2005)WFTE R, il 1) i T H AR . MC (il R el T /K A i 46
YD), AESREFFNE . WLPY . IRBERN R bt SRR T A M0 MC; 25, L
DA P R 5 19 MC-RR 5t PR DA £ 28 s 4, RV HL i3 rp A 31 M
PRI, X {4 i RIS ] SXRE £ 25, T ARIE DIAM IR AR T REXS MC RFEICT 43
G
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F4-3 NEMREIMEENFR, FE. &K, K. BELBNIZAY, AXixks
XEREXBVNIZ/RVNARSI ALK EEMARTELFRE(1976)
Table 4-3 The scientific name, body weight, total length, body length, feeding type, and
main foods of the collected fishes from Lake Chaohu. Information on feeding
type and main foods of these fishes are from Ichthyology Laboratory
of Institute of Hydrobiology of Hubei Province (1976)

14 Fh R S EN BRI R FEEY
Fish name No. of BW /g TL/cm BL/cm Feeding type, and main foods
sample

#8%] Cyprinidae

i Hm-1 29001500 61.4 58.8  FRUPAEMIETE, BREIEWE Y AN

Hypophthalmichthys molitrix =~ Hm-2 42.7 345 LY}

(Hm)(Hypophthalmichthyinae) Planktivorous, feeding on algae and
zooplankton

[T} Pp-1 470 334 26.3 REEYE, UK RS

Parabramis pekinensis (Pp) Pp-2 100 21.8 17.2 Herbivorous, feeding on macrophytes

(Abramidinae)

s Ca-1 88.1 17.0 135 ZeErtE, DIMRESES. WM | MR

Carassius auratus (Ca) Ca-2 64.2 16.9 12.9 BERLLR BN

(Cyprininae) Omnivorous, feeding on attached
algae, detritus, benthic diatoms and
filamentous algae

ity Cyprinus carpio (Cc) Ce-1 725 36.8 219 ZEtE, BRREMSIY . APLEE R

(Cyprininae) Cc-2 625 35.3 29.1 L
Omnivorous, feeding on zoobenthos,
organic detritus and even algae

AR Ce-1 120 22.0 18.0 P, ghff Rk BREIER

Culter erythropterus (Ce) Ce-2 105 24.0 19.0 KAERR, B FEER/M

(Abramidinae) Carnivorous with juvenile fish feeding
on Cladocera, Copepoda and aquatic
insects and adult fish feeding mainly
on small fish

R B Ci-1 650 — — T, ghfa kAR M A

Culter ilishaeformis (Ci) bR, mifa FTHREHA

(Abramidinae) Carnivorous with juvenile fish feeding
on aquatic insects Cladocera and
Copepoda and adult fish feeding
mainly on fish

%] Bagridae

wEfa Pf-1 74.6 19.8 164 WM, K 5~8 cm WAMKIRETE

Pseudobagrus fulvidraco (Pf)

#F} Clupeidae
S OAE ) Co-1

Coilia ectenes (Co)

SRR AR R, RK>8 cm 4>
(U SERINENSILY R I

Carnivorous with 5~8 cm fish feeding on
zooplankton and aquatic insect, and >8 cm
fish feeding on molluscs and small fish

PEYE, Witk Bk
B2, iRt/ MaFiR
Carnivorous with juvenile fish feeding
on Amphipoda, Cladocera and
Copepoda and adult fish feeding on
small fish and shrimps

(51 H Xie et al. 2005) (Cited from Xie et al. 2005)
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Sahin Z£(1996)#1T T — N EEESCR, BT s (A8 F R SR TR e i by
1220 mg(F124F 5.6 mg MC-LR /kg BW)XFHLSEHEME . 2285 3 h A1 48 h, fHAE )
T2 MC-LR F (] PPIA 0% ) 535135 3.50 pg/mL F1 0.48 pg/mL; e IHSEMY
Koy N 90%, MIABAEHAYEEER MC-LR &4 35.0ug/g F1 4.75 ng/g, HEMR
PEHEE , INEEP IR AE 1 h BPRT Rz, 284 3 KR nl Al H o 78 Xie £5(2005)
FIBFFE R, IRFE R ) MC &8 0~22.6 png/g CE14 6.32 pg/g), iX 421 Sahin 25(1996)
ISEE FR 7K. 1T Tencalla 25(1994)43E, 24 M 6.6 mg MC/kg BW FEMLRT,
WLESAE 96 h NAETS, MAHFEFREHR MC SHEik 22.6 pg/g I, X 0] HEF I 515
RN MC & =35I BB SR

: m LA Muscle

40 ff: 4
E 30 W& Gut content E 3
@20 | @2 N
s 5 o 1 i |
= H = Hm Pp Co Ca Cc Pf Ce Ci
1f1Fli 2 Fish specie 1t F2 Fish species
_ 2 HTEEE Liver . _ 60 [ﬁ]«{?( Blood
3 10 ; 3
a) 8 1 | a) 40
L0 6 1 L0 :
&n L ! H 7 cn 20 :
S ElE REMEIE S olan. | gl s
Hm Pp Co Ca Cc Pf Ce Ci Hm Pp Co Ca Cc Pf Ce Ci
4 F12 Fish species faFh2 Fish species
XA s
B I Kidne; e
20 Y b Mt Bile
o 15 o 15
E3
E 10 a 10
= 5 = 5
g Ml .« E f nd 2 o ot nd E nd
= 0 =
% Hm Pp Co Ca Cc Pf Ce Ci % Hm Pp Co Ca Cc Pf Ce Ci

£ PP Fish species f4 712 Fish species

Kl 4-6 AP HAEEVE I MC S5 A Xie et al. 2005)
Hm: f; Pp: @, Cc: #l, Ca: 80, Ci: FBUMEHT, Ce:. LIBENTHA,Pf: #Hifh, Co: KM, nd Fm LR
Fig. 4-6 MC content in organs of each fish species (Cited from Xie et al. 2005)
Hm: Hypophthalmichthys molitrix, Pp: Parabramis pekinensis, Cc: Cyprinus carpio, Ca: Carassius auratus, Ci: Culter

ilishaeformis, Ce: Culter erythropterus, Pf: Pseudobagrus fulvidraco, Co: Coilia ectenes. nd indicates no data

Xie Z£(2005)BIBFFE 22, 7E85, MC AU WkE 2R, B ke 5
iR E AR EET MC MK R K. & 100g LA S 2.64~49.7 pg
MC-LReq, Bi#i WHO X MC-LR K& (Il TDI A 1.3~25 5.
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75, 2% Usselmeer M HOAR R & PR AR ) MC & &

Ibelings 55(2005)57 T fuf 2= 1sselmeer i 3 FiANE S R AR ) MC 5
it Usselmeer /2 fif 22 1 — K ANARKING , 20 4D 30 AEAR LRSI I I B Bk
18, TERZEEFANY, Microcystis RIE KGR FEMAE, %l P E] KL (Osmerus
eperlanus) NIEARE TR AE Y BYEAZE, KNG Gymnocephalus cernua) ) 21
JEAT A e a2, T 5 (Perca fluviatilis) & F B XISENEASSZ — 1999 4FH 2
e H. 7MY, MWARRIX (R . s AL RA (I, R firs
N frigs 25 Ry, B 3 FR e FIRRE SR 7R T8 . MR 250U, H HPLC I
MC Wy &it, fE LR 3 AR e # 2 I0A MC WIFE7E, SiETE 9~874 ng/g
AFDW(AFDW JyJCJK T8, ash-free dry weight), AR 3 B R AR THIE R Y MC
SRR FEZEF(F=0.508, P>0.05), WNAEHIFEY TIPSR MC &H&T
RN 5 R AP AE P M) sl B (XA M) (F=20.17, P<0.05)(&] 4-7).

1000 1000

~ . F, ~ : .

E [0 70 10 PP e E FT0T0 1 S WU S, -

< : ! < . :

20 . U | e ' .

E H) s Smelt N i !

S 10t S 10 i

= Ty R = 7N +tH A
Perch Ruffe July Sept

1 1
 4-7 7E sselmeer Wi BK AR FENHY 3 ASAE A G bk 211 3 ik
(s WS URED) R MC &iE, BT R R AR
PLRAE- 2 £95% B 5 FE(5] A Ibelings et al. 2005)
Fig. 4-7 MC content of fish livers for three species (perch, ruffe, and smelt), caught at three

months of the cyanobacterial growing season. Shown are individual contents and the
average +95% confident limits (Cited from Ibelings et al. 2005)

fREIR, Ibelings 25(2005)HF5T 45 Y Xie 25(2005)7EFk = HLI 05T 45
it ML ZENLA F ) MC & e R B PR a2 e >R i ) B 1
R B BB AR s, TrEHE A0, far22 Usselmeer ] Hp A2k
FFRE SR IS MC &5 5 (9~874 pg/g AFDW) It /& T S 25 IF i Fp i) MC & &
(1.16~11.6 ng/g DW),

. AARKMP AR AR MC SR AT HEL
RIFAM T RAERIG AP0 MC 3 RERCE AR (e 4-4), Frb I

- 87 -



1 MC 5 A Dsselmeer ] H 11 I A4 05 5 (874 pg/g AFDW)(ZE B 5T A IISE 1
MESE RS E), M. Ay SN R MC &2 DU b py i fa
E (TR 4643, 22.61, 14.16 1 3.26 png/g DW), [MifHiE 1 MC 7 IS
w8 e 1 (137 /g DW), R KT Hh 46 £1(85.67 ng/g DW). MC i E J5
7:LL HPLC %%, ELISA =, A #H LC-MS.
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ERE &YX MC IBEFER A SSISFF T

BRSO . IR E T ARSI, AR b B A B R TR A e
R, ITAE A S R K AR IR B 3 R MC. 7E—2E [
), SR ETZAAANTER, Hi, RS MC S ERE 7 e
PRV A 200 5 A s ) ORI Sh e v e i b | 5 66 55) O FEORE, ]
e MC i an R B AR B EAh, & MC BB S )E al 9 5 2 £ ]
ek A% 4 ik, MC e8RS PR N i Al S B e AL L 32 3132
Kk

— . PRSI T

1. LI 3R 3 At

TR [ Z5c3, RlgTFs B (Mytilidae) | RIMREESE, BRI 2 AMNTE RSN, B
AR TR IR SRR S R TR . R D1 Mytilus galloprovincialis(l 5-1)
JRIFEIRHT . JTEERZE, T TR . M. edulis(B] 5-2)7 12 534 TR |
J63E . FESEHER . W OSEAE,

K 5-1 IR0 Mytilus galloprovincialis ¥ /(51 H Libero: www.abissi.com)
Fig. 5-1 A photo of Mytilus galloprovincialis (Cited from Libero: www.abissi.com)

Tt i Anodonta grandis(Kl 5-3) ™ F 32 E /< B (Williams et al. 2001), 76
Uil A. cygnea(El 5-4) R BIIITR K W FEZE /) F2EF2E (Mille and Reynolds 2003),
TERIE(Unio douglasiae)(#l 5-5)] 12 A TR E(RFEHTE), e, §AGEHAIH
AWA G FEFRE, R THEANTE, IFERE A& RmE, d
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e BRMRRERCGEHE  1996).

Kl 52 WDl M. edulis (51 A Peter H. van Bragt )
Fig. 5-2 A photo of M. edulis (Cited from Peter H. van Bragt)

K 5-3 Ttk Anodonta grandis simpsoniana P (5] B Alberta K2~ Hugh Clifford {#-1-)
Fig. 5-3 A photo of Anodonta grandis simpsoniana
(by Dr. Hugh Clifford, University of Alberta)

K 5-4  JoikIE Anodonta cygnea (5| A Swedish Museum of Natural History,
http://www2.nrm.se/ev/musselnyckel)
Fig. 5-4 Photo of Anodonta cygnea (Cited from Swedish Museum of Natural History,

http://www2.nrm.se/ev/musselnyckel)

«+ 92 .



Kl 5-5 BTEREER T (51 A B8RO B A ZFEERT TS0, hittp://shellsinica.edu.tw)
Fig. 5-5 Photo of Unio douglasiae (Cited from Research Center for Biodiversity, Taiwan,
http://shell.sinica.edu.tw)

P (Dreissena polymorpha) iy T 0 7Bk B4 (Black Sea). HL¥(Caspian
Sea) FlJF I (Aral Sea)Jiilil, 17 HZ0#te ARRIILARAKME 1, BUFE il A,
WAL AR BRSO B AR B RS, #8145t 100 4~
IR AZE (100 of the “World’s Worst” invaders)Z —(Marsden 2005), 41, it
SUFRT KA MPETE LE MR EA B, BRI DL 525 (B 5-6)-

Kl 5-6  FNHETEARTT FEAIIE ERIBESCECS | F ISR FAR T IR Rideau [ H F S8 R3k)
Fig. 5-6  Zebra mussel(Dreissena polymorpha) have attached themselves to an eastern
lampmussel (Lampsilis radiata) (Cited from the Nature of the Rideau River Web site,
created by the Canadian Museum of Nature)

1 U2 Sinotaia histrica[J& HIEFH Viviparidae) /& H A+ JEFN, # WLFRK
WROFE D, S EFIKE IEEH Ozawa et al. 2003).

2. R F &
FF MC FEFAR SR N o0 A1 5B 5% AL ) SE I 57 3 B4R e = sk /K
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WM (Bivalvia)[ R A HEE 24 (Lamellibranchia) ol 75 &£ 4(Pelecypoda) |ah#), 1A
¥ N 8 24 (Gastropoda) sl ¥, XL 5% 2W s W) 63 45 s D1 B (Mytiloida) /4 It D1 )
(Mytilus) . 3 F (Unionidae) ) 2k I J& (Unio) . JG Vi 1 J& (Anodonta) F1 i U1
(Dreissenidea) 14 1ffi Ul J& (Dreissena), & /& 24 sh W)/ A1 15 H IR F} (Viviparidae) )
Sinotaia J& .

L5 M IEBZ R Z T LR ERGE S, TRE S AR G, Mek 3%
g E e, DUH RS 2 B S S B K BB BUK h B IR B ——
XK. WIS . APEIE A S RIS EYE, R IR A IR KA
7~ K BT 7K T BRI A58 . TR LR (X 9845 1993, Smiith 2001).
U, YRR R AR B EOKAERT, SO TR, EHRET MC K
RS =z H

FERRINFNALSE , MR B AT ZE &Y, AR & AR KRR
. BRI, TEE EFRMNAMT O (estuary), FIRES R AT IR S5 IR 7K B
(A, DRI R A 78 s 2 o A% ) s B P B F AR .
W, — S AT 11 & AR T e e /K A ) S R A DL MC S ORI R FE
B, HA e DL S A S 56 4 B (Vasconcelos 1995, Amorim and Vasconcelos
1999).

TEAT 22, BESUHE R /K YA &0 N B BB A5, 814N, 7E Usselmeer 15 ([=
PRtz —) AR, SR HIE B RE) 28R T e B B s, NAERKA 2R
R i RS B & P 5 28 (visiting benthivorous  birds)[ 4N BE F T TS (Aythya
marila) . RIS (A. fuligula)) LUK SN, e 4B Z 50 T MC il
B X6 3K 4 19, 288 (A VTR U (Pires et al. 2004)

TEH A, T HIZ Sinotaia histrica RS F/KE R, MC il1d S. histrica
TEEWHE T 153552 3 G TE (Ozawa et al. 2003).,

T MR DI MC R FRIURTE BR AL

Hii%5 A “#745 (Vasconcelos 1995, Amorim and Vasconcelos 1999)7E S5 45144 T,
W5 T RNG W Mytilus galloprovincialis X108 555 2 AR EUCRITE BRALEE . FH F5256
MR MG DK B %49 4 Foz do Douro(Porto) i 5 1 — /> [B] 47 # ¥ (an  intertidal
population), 7EVRALHL, S04 AT FI M S RNV . T M M0 K
LRGN AEBE Microcystis aeruginosa-1ZZANCY A2(43 &5 F #i% 4 09 Mira ). i%kk
R 4R B MC-LR(15 95%), X&) MC-LA FlI[D-Asp’]-MC-LR.,

1. Vasconcelos £ 52 %

Vasconcelos(1995{ESB P T 3 447 20 L FARMGAC 2em JEUD A7)
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KA, BEKEEIASE 120 HEEMA D[R K (3.46 £0.12) cm; T-H(0.15 £0.04) g], 4%
TR, KFAMK BRI —IR o AKIREAR 16°C, IRLR M PIR LK, H5—F
I3 JAR B (uptake) SEHy . 2ENR DI EE R M. aeruginosa-IZANCYA2 fi3:(1 x 10° 4>
/mL), FERFEE 16 Ko 7EMIMINE], BEHFET-RSY) . TESCIRTFIRINES 1. 2 K& 20
KRNI TR, 2R — KB, HEES 16 KXo RIEHERINE
FTEYIN M. aeruginosa-IZANCYA2 HHIIFER i, 25 8840 Mgk (depuration) S
B, fEZR 16 RIEICGLIG , XIRIA I LR DRSS # (Nitzschia, — T4
R FI-R 3 (Tetraselmis, —MPAZIIOLRE) RS ERE, X BRI 7E P SL 064
[ RAFIURAS . 80 DR N (G045 45 21 2 s 25 3 s 19l 2 FH HPLC 1%,

TERE M. aeruginosa-TZANCYA2 WIENLT, HRHCEZIGHAE A BT PR %0
0.5%, IEBRCIGES RIS ZTTAET N 6%, MAEAA S BRI REE s nd o
T, BEREBISET . WakR], RINEER DI E sk, SRR Kt e

M M. aeruginosa-1ZZANCY A2 FZE 2 REIAIN R/ &8 (E 5-7), £W
BERMERBUR T, 25 10 KLAFT, $&RBCE ot , RIEABRMTRE, Tk
6 ROMFTE . 5 HBMRET LG D3RR BN (153 + 74) g, # R IRURRTES 2
KA 54.8%, TEEH 16 KA 24.1%. EIRVMANR KRR G EBIES 10 X, A
10.52 png/go MEERTELRIG DA N 2528 B 1) 20 A1 15 00 (RR 41 S B 235 R B A FE AR 43-#T)
KB, FESMIETHALIE (digestive tract), MHABZYEER. 2. PR FATHABZHZ)
BHEARAL 4%,

407
m J{{3{H Theoretical value
B SN{H Real value

30T

251
20T
157
10T

MC-LR/(ng/g)

1 2 3 45 6 7 8 9 10111213 14 15 16
B 1] Time/d

K57 A8 16 REHCEEE T, SMRIAR MC-LR & (ng/g) KR
PR RS IB(B] A Vasconcelos 1995)
Fig. 5-7 Uptake of MC-LR (ng/g) in the mussels and maximum theoretical accumulation
value during the 16-day experiment (Cited from Vasconcelos 1995)

AV SRR G B R T, EIR DA R R &8 7E 3 KN
FEAIR T 50%GX PTAE 5 506 DLHEZS T IS4 T i aEsefi 0¢), mMER 3 KRB 7
R BT RE FAELLIAE, SRR DR T 5 | A BIRAESS A1 MC-LR), &
JE R, 25 13 REEREITCILAI K& 5-8),
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(=}
)

MC-LR/(ng/g)

S = N W kA LN 0O
I -1

1 2 3 4 5 6 7 8

9 10 11 12 13 14 15
fsf 1] Time/d

K 5-8 7E 15 KiEBRscHrf, SR0G AN MC-LR #)+&(ug/g) A8 1k(5| A Vasconcelos 1995)
Fig. 5-8 Depuration of MC-LR (pg/g) from the mussels during the 15-day experiment
(Cited from Vasconcelos 1995)

R0 UK MC-LR $5HR A 52 b B S fIK F AR 5 H MC-LR (i 5 R 5%
T DU A A~ A B0 530 T A5 9 388 1 (52 B 58 i DR NPT RE M BRI e KR 2%
). Vasconcelos (1995 A AT REFE LA F IR : O AT ) MC-LR #RE#0
W, PRR A —38 50 PT BB S (i (faeces) 8 fh 35 i (pseudofaeces)HE i ; @ fii 5
Hh—B 3 AT BEAS AT kb SR TR R AS A s B T ® WA T BRI M fIAs 5
MG DL RS N B, ORI DR R R I, AN 3% T8 MC-LR
IR BT MC-LR G858 20§ A% 4 (eucaryotic cell)H PR & F Bk R
(PP-1. PP-2A)TEYE, T H MC-LR 5 PP-1., PP-2A Y4543k # 7 [f (MacKintosh
et al. 1990, Honkanen et al. 1990), €0t UL P BT REASIN 219 MC-LR i 5 8 (I BEIR
B A8 AN B AR ER 43 50 R 5206 DI AL A 82 3 (Vasconcelos 1995), AlItL, X
2 S AR ZECRN 2 MC-LR JUF i I ) — A [

Vasconcelos(1995)IA2k, WILAZENA DI, 2806 D1 MC-LR i1 5 HSL
HKCEARRY, R anEE A& MC-LR 10.5 pg/g DW [T 01 625 ¢ FW, ABA4
A2 250 pg TEE

2. Amorim F1 Vasconcelos #y 52 %

Amorim Fl Vasconcelos(1999) AR H &2 T Vasconcelos(1995) 525, HJ& K 4%
BuN4akahy 4 K, FFEIEFIEI Tk FZEf D MC & a8 {k, MC-LR By5rHrelch
ELISA (K IER 7 0.1 ng/mL),

Amorim 1 Vasconcelos(1999)3Z5 f~F-XA /K (17 £ 1) °C, L A (33 + 1)%o,
HEELFS . SEHVHT SRR DL FREE 25 B R AEAR T 100 4~/40 L 7K, RIS
Wi, LI TWA 40 L # PVC A, #5847 10 L fEIFH UV RE R A R
K, BAMHRGEE 30 NMEIRIL, BERIRE . BN Microcystis aeruginosa-
IZANCYA2({RAF 41 B A 10° >/mL), FF2:A%0E 4 K. i), B REEHLH
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B3 AR D Brtso)H TR, BERVINA 3 Mric 95806 D1 LAZERRSE 00 1
[i8) %5 — 3

S 5 R, B K s, IACHIE RN R K . B 6 N EEIR
DUA BIAFRAE 6 45547 100 mL /K1 250 mL AHEAR AR, ML 1 x 10° 4~/mL (1)
ZEHE, MR DR B AEAf P . 43 24 h, B3 AN ERh A BRI IR 1 420G
NWHFRERSEST, R RK KPR S &, R 2T
VNS, H GF/CUBMEREE, M TRER M. TR ORI 14 K, RN ARARH
B3 ARG UL, e BARFEF A TR, [FIET, FEMEBRSEIRIT RV —K, W3 A
06 DL A3 i SR FRAERAR T, BRI DIZEIR S, (HIR 2R AR, 7855 14
K, BAWER “HAMZmBI”

E 4 ROVBEICGEIG IR, TEBIIIET . MBEHRAE MC M-S ER
3.4 ug/107 M. 78 BAUSCIGINE], SR IIAMAR SR S RNZERE R, P
RO MR 10.7 pg/g DW. M7EERRSEI R RPIR, 2E06 AR ]
R B EE R A 16 pg/g DW MR KME, RJE 2B TR, Lt
WG, HIARNMEER SS9 1 ng/g DW; BIiRR “ HALLME L7 7R BR
FIRHES 14 RIEAANR S5 2.5 ng/g DWIEL 5-9(A)].

FEERRSCI T, HEIRDUE 24 h J5, BRI S K, KPR REEEHT
FErgfas, SRIGHESS 8 KA 12 KRNI MR, B RMR KK 5-9B)].
Amorim I Vasconcelos(1999)IA2y, iXEEZERFRIT T MC [m7K i — R B
PRSI, ATRESE TR HEMLS], 55038 PT RE 55 8 B R I ) S i i £ i 1 S A
AR MC IRICAE G, —Bokud, i SE I BERR PP-1 1 PP-2A 454
(MacKintosh and MacKintosh  1994), i MC 454124 £ ()35 F§ HPLC H1 ELISA
AR TG R . Bk MC 5 PP-1 Fl PP-2A IS A 9A AR # o L AT
Wi%% (irreversible)(Takai et al. 1995), {H Amorim 1 Vasconcelos(1999)iAy, 280k D1
1E /%7 (detoxification)id #2FP Al REfd PP-1 F1 PP-2A Z&7%, MR MC, FR#t
(i sl R AR H X £e9E S5 A (unbound) Y MC.,

TEVE BRSO AP 3 K 2P A B 3 B i AW N, =ik 140 pg/g DW,
SRIGIVE TR, 25 14 K, R TEEILPARRIM K # 5-9(0)]. #i
WEM VAN RER S EAESS 3 RIFIRT 50% LA o] Al it 28 HE R TRy
FEZOR T LU#R: . Amorim F1 Vasconcelos(1999)i\F, 7ETEFREEI AR 3 K, B
RO AR IMPLRE ARG, TSR ERRSHER TR A
AR,
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(A

Z

[

(=]
1

MC/(ug/g)

1 2 3 4 5[1 234567 891011 12 13 14 14b
% 1 BB Ist Phase % 2 B 2nd Phase J% Day

®) 3

MC/(ug/L)

© KA Day
200 F

150 |

100 :

MC/(ng/g)

s0 |

1 2 3 4 5 6 7 8 9 10 11 12 13 14 14b
RH Day

Fl5-9 FERBIEE 1 BrBORSERES 2 MBOM, TRIVAA[A), ng/gl. KH[(B), nglL]
FZEME[(C), pe/glh MC W&, M APREZE(SIH Amorim & Vasconcelos 1999)
Fig. 5-9 MC concentrations in the mussels (A) pg/g, water (B) pg/L and faeces (C) ug/g
during the accumulation (1st phase) and depuration (2nd phase) periods. Vertical bars
represent standard deviation (Cited from Amorim and Vasconcelos 1999)

TERRSEH Y, WERIRIL | KA rp 9 MC 5k S R L2 R 3 LY
ARG OURE , ATINE ) MC B0 2~3 R BLE(E, R 7RI 4 Kb,
PRS5E HmT I 5 1 B 2R 5 2 I TR A AAAE TR (M AR ZEAE ) (18] 5-10), Amorim Fl
Vasconcelos(1999)1A 2k, i — 45 52 & B 48 115 D1 v] 583 2 FR 7 BR b 1) 7K Hp HE i
MC,
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W &1 Faece B 5 U1 Mussel
[17K Water H4 MC %8 Total MC

MC/%

10 11 12 13 14 14b
KH Day

P 5-10  TEBRIBIG DLARPY . K rhAIZEAE it MC 25 A FLAA (%) B SOt DL+ 7K + 3 48)
MC % (ug)iy481(51 H Amorim and Vasconcelos 1999)
Fig. 5-10 Variation of the proportion of microcystin in the mussels, water and faeces during
the depuration period (%) and total amount (ug) of MC (water + faeces + mussel)
(Cited from Amorim and Vasconcelos 1999)

= EPEIA DL MC A BRI R R A

g KEER Williams 55(1997c)ELI0 5544, BFFE TR DL Mytilus edulis Xt
MC BB BR A . H T M edulis R A NS KA Campbell 0]
(Whiterock, B.C.)A7] M 53 [# i Townsend #E(WA). F T TR ESE00 A B2 R
HME KA Little Beaver 7 BY/K4E, 322 RSk Hi 2k 1l 2 B (Microcystis
aeruginosa).

FFIEBRIEGEN M. edulis[ 3 100 4>, “FEIAK (3.3 +£0.5) em R B gk
Pacific Biological Station (Nanaimo, B. C.), #XJ5 it & #£— i 811 ¥ (flow-through) %A
53 L MK KF . SR sh K, X —FF i ZR G (open-system) 1 /K 4 P
£ 10 CHZARIFFE S BUIE, B 10 DEEFE R X B (Teonwo)), SRJFHEME 5.3 g AUIK
T IEEN . 3 KIS, KRR T, RS KIRR S . 3 KAE ] ATV i
TR KAR I LR I R , TSR ARt S T PR rh e 5 R i vl R AL
BER, P10 NMEE(Ty)e SRIGESS 4. 11, 25 F1 53 K(Ty. T\ Tos. Ts3)53 ol
10 M ORE 10 MRV ZE | PREE(T~10g WW), SRJG 70 UPASEEA o

SERRY, YIRS BN SR B K Ny, BRI TE BRI 25 S AN
TiF B MC: R4 Lemieux &AL T (Lemieux Oxidation GC/MS )i il 52 2
B, gk 4 REgwta], 800 MC B9 & (3369 +45.8) ng/lg WW [ =
(11.3 £2.6) pg/g WW, 4 K5 BLIEEHR, F R IGZAE GC/MS e 1 A R LA
TR 5-1); MRIEE BRI (PPase)i MIE SR, &t 53 K, SRHZrpHIfE
A £ L (MeOH-extractable)ii 5 MC, MAPIH 204 ng/g WW [£Z 14 ng/g WW,
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Pi& GC/MS BB LE R, To PR MC AE S, FA FIRE] T /KR
A 5.3 g THEER T & MC 1Y 100%., BT HEER]AH MC AF] MC B faf il
0.1%, Williams Z5(1997c)iA >y, 7EAG SCHERG WM, 75 A )2 B MC i,

% 5-1 Lemieux | SREA XS E ABEEER N EET TR I8 I
(BFEHELA)Hh MC =ML
Table 5-1 Comparison of the Lemieux oxidation GCMS method and PPase
assay in the analysis of MC in whole mussel tissues

Lemieux 4fb =BT BRI
FES Lemieux oxidation and GC/MS PPase assay
Sample ng MC/g {85 D440 ug MC/g 01 pg MC/g 1R 4141 ug MC/g 01
ug MC/g wet mussel tissue  pg MC/g mussel ug MC/g wet mussel tissue pg MC/g mussel
Campbell 71 633+11.3 56.6 +10.1 0.022 0.020 £ 0.003
Townsend # nd nd 0.017 0.015 £ 0.003
Teontrol 34+1.0 3.7+1.1 0.015 0.016
To 336.9+45.8 285.6+38.8 0.204 0.173
n 11.3£2.6 8.8+2.1 0.043 0.034
Tn nd nd 0.042 0.029
Tss nd nd 0.024 0.025
Ts3 nd nd 0.014 0.008

Bl A RFNE A 3 N EERERPIE + SD.
Values are means + S.D. obtained from triplicate calibration within a representative concentration range. nd /R
K H nd, not detectable (5] H Williams et al. 1997¢) (Cited from Williams et al. 1997¢)

U0 . YRKTCIA M Anoadonta cygnea %F MC B4 BURTE bR AL
1. FIRRNAENKIE CYA-38 HATH L

J5 222238 Eriksson 25 (1989a) 4 T T IR K LA I Anodonta cygnea Xf—Fjy= A ]
REEE Oscillatoria agardhii WIHE: 2R BRI SCIRMISY, M PR Fhag: AR b B
B % (Oscillatoria toxin), 1HJE, AR IHIAN D FEMEECGST AR Adda
A N-HIEEB SN ER) , R RN — PR . B, T pRd2 e T
ARSI MC RF R 5T

SCIS AN TG I Anoadonta cygnea, R AL TSR 22 PEILERAY Littpistenjirvi
W, TS r AR (9 £ 2) em. S5 H BT TG 8 5 R ok B 0 EOK B9
(Norwegian Institute for Water Research)() 4 5 BT [CEREE CYA-38(43 &5 H HF LY
Gjersjon i), BERIEFRIEATN 20 L A MLBEISAR MR T, MORSEME R I
K, [ 2 IRk (deep-freezing) AR FE LA A 8 , FFINACE FRER, [ HREUEIT 20%
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Z8, SRIFHGFLAE R B B BE ) BE SR . SEIR 551 20 CROTRLE Ja S i %
14:[20~40 pmol/(m* « )] F #47 .

SR 40 L BEESAKIGAE AT, AKGRAEIGT B A TS+, it
FEJTT . B IE L R B0 A (peristaltic pump)fiiik BIUK AR R 0] B e 72 5 A
KIS o 30 3 9 G (5 A A P 1 B v B 2R TE 10~20 mg/L, X2 A 4R
B E IR T AT REVR BV [ BRI FE R S i 2~3 mg/g TEM AR TR,
PRI K AR i8R 2R 5 i 40~60 pg/L.

PRI T A 15 ROAEMWMIREREEI T R 0005, BRI A
AN B D KA Ak SR SR, 6 BRI Al 5 B BRI . RO
L (soft tissue), K 3 MFRALEIH I —AHHITHER ST 7o, KLk
SEEFE AR A 75 05 T OV R RIS 30 K, B AGE KPR 5 K, SR HL
BB T E S PR R RN (S TN 5 DMESIFIIRAHE).
HFRE A TIRIE (=20 C)J, BT FEA90 8 HPLC ¥,

WX R R A BRI A 5-11), 258 15 K, RN R &Rk
70 ng/g DW; BEBEEE ATETK P RTE 2 AT, SEARN IR RRSR TR H . A
BRESE T MEORE, TR & S m, BILTEM S SEEW
3.5%, HERSECHFRERSEMN 40%(F 5-12), HiE . RN & E
AR, TR IR R AT A 4 S B 45 45 2 2 (connective tissue)H, B8R
A AR

MC/(ugle)
N
(=]
1

Bfla]  Time/d

Bl 5-11  BEREA M REEE N SR AT, Joi M Anadonta cygnea Xt MC 1 2,
IR JF— UM AE (575 80 K)ok TC A EFE RS B ik rh 283 65 KIFHEATIY.
TMELLFOR 2 80 3 MEMRUEEYE (5] B Eriksson et al. 1989a)

Fig. 5-11 Accumulation of MC in a freshwater mussel, Anodonta cygnea, exposed to toxic
Oscillatoria agardhii. The last measurement at 80 days was made after the mussels had been
kept in pure lake water for 65 days after exposure. Vertical bars show the range of
concentrations in 2 or 3 samples (Cited from Eriksson et al. 1989a)
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140 100
120 [
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3 60 1
@ i 160 1E E
§ 80 & 8
_1 =H 1 &%
o oor - = {0 Ex
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20r — =
0 — — 0

Kl 5-12 BRI E A TFICEIRE 30 Kf5, MC ZELU I Anadonta cygnea
KBTI/ (5] B Eriksson et al. 1989a)
BHRELRARGE PR S THS), RORERRTERNMERRG T, ARHALHIHIRN G (%),
EIZFTER T, BN SR 119 ng/g THE . 45 HP: M 1+G . Wil + M
M: LA RT: FIAMHALLL
Fig. 5-12  Organ distribution of MC in a freshwater mussel, Anodonta cygnea, after 30 days of
exposure to low densities of toxic Oscillatoria agardhii (Cited from Eriksson et al. 1989a)
The black bars show the toxin concentrations (nug/g freeze dried tissue) in the different organs and the striped bars show
the relative amounts (%) of toxin in the different tissues as related to the total toxin content in the mussels. The toxin
concentration found in the whole mussels in this trial averaged 11.9 pg/g freeze dried tissue. Abbreviations:

HP: hepatopancreas; I + G: intestine + gonads; M: muscles; RT: remaining tissues

41 HPLC 7 Wi S A YN, ACHE 55 2 22 i LA [+ O B I i) ) €%
W AR RMITT, 3E B R A T A T R A i (mouse bioassay). T HIRTE
A SVR HE(IREE 20~23 @) MRS ki il s U ISCHE A 2L 828 v K
TR, HSEE R 13 h WIET, SRR AT REAR PO

XL SR YRS B PRAT 5 1 38 A e 2 R 0T R A O S 31 1 S s S
TEPEARAFAER SR, X R WIS B 205 YA X I FL3h ) i s PR AR
Ko

2. A % B Ostra Kyrisundet #] 3 & 7K 5 89 4 2 G AT By 5L

752227 Lindholm “§(1989)i it /KA S I 5E T LIk Anadonta cygnea
X R 2 (Oscillatoria toxin)i SBFHAL, UNRTATIA, XFPEEE R RN R T—FP
MR R

AW AKIGEFERZ) 20 L, FHFSEEG) A. cygnea X H Langsjon #, 7EIiIAR
EEA B HEEE . 76— D /KIBAAHE AR B Ostra Kyrisundet 114 & 75 A7 52 EHE T
2K, B 104> A. cygnea; 1275 — A KIGFEHE AR B Ostra Kyrisundet i) 12 m
GRAL I ARXT 15 007K, B 10 1> A. cygnea., 7KIGFE K — ] 46 2 5% 3 1K,
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Gt —AEWE, E KGRI 10 DRRGH TRER 0. TR F ik
SR EE R /3R A HPLC .

B A. cygnea FFEEE SREBEENRZKP—NEME, RALH MC &
HIAFIRZ) 30 pg/g DW, 1% A. cygnea BT M 12 m IRAERAE AR5 19K
MEA 8 E LR . Ostra Kyrisundet #1382 7K (0~6 m) VA IR N B 5 & K&
h 25~37 pg/L, T 12 m IRAERAERIIK LT JC8E R AEAE

Fi.. IWRIKTCIE Anodonta grandis simpsoniana

X MC B BRI B R

MR Prepas JF(1997)#AT T — MG R)BISLR:, LIAhE IOk i
Anodonta grandis simpsoniana 5%, Pyganodon grandis simpsoniana J& 15 X} Vi f# £ /K H
s S A MC-LR A TR s ILAh, 7RI 41 FOME T et Xt MC-LR #92R
UG IEBRALAE . ZA IR IR A INEEK Alberta ) Narrow {#j(Edmonto), A&
65~75mm, SEAFIK H A 3 2R R AR A BERR I (PPase) s A TN E , 7EMIIA
TR IR N B3 R ] HPLC 561 7504

1. *EMEE MC B 2 #

Prepas 25(1997) K TC i AR FR7E 6 4~ 10 L BIZK AR, BASK ISR R SR 30 4
Lt SERRREE N 20 °Co BRI KIGRE— 117K (4.5 Lyt UG B R
2, T 0.5 L s N T LA B . TEIHY 3 ANKITGAE TR AR A L 5
) MC-LR,, ffi HAE 3 RAYSLE I E] MC-LR ()5 AR AR 51~55 ng/LOXRER A
Hh MC F e B R IR R — R AR S B, 55 3 /KGR ARTRE, A
MC-LR. FRMEAKGFE P REHLE 3 0k, BURASH TR, 45
RFEW, ToGHEA P MC-LR MR AR (ng/g), MG L2 3 Ky o
PIFRTE MC-LR R9Ezfil, BRIFRERABER,

2. WA EFEE R MM A MC 1 B

Prepas %5 (1997)1E 9 ~/INERHT L (plastic tray)(11 cm x 80 cm x 40 cm) it A
TR RO B R 2B, PRI 12 N0k o R IO A I T
HRAK IR Alberta FHHRAYT 3 N B SR Ul = B SR P , IXSEIWITH A AL
WSO SR BE P (Microcystis aeruginosa) . 73K (Anabaena spp.). /KPR 2235
(Aphanizomenon flos-aquae) . i 5 (Phormidium spp.)FIHEREE(Gomphosphaeria sp.),
ERERMAEERE RN MC-LR, HH4iiEN MC-LR BI&#7E Coal /N T
0.005 pg/L, 7 Little Beaver i 4 0.82~1.92 png/L, fE Driedmeat i} 1.32~8.2 ug/L.
BN 3 DA, B A —NMER, BT 1 m KRR, BUCREER,
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MWEAFEEL P FEYICRAE 3 ANETCHEE, RRPEEIET I MA SR, o EET
1992 4 8 A 11 HJEF Coal #,8 A 13 HJit & # Little Beaver ]l Driedmeat {# .

1€ Coal #, M. aeruginosa 1577 WAHYIE Wt vh 1 L BIAR X RAIR (<3 %), T 1iF
FEYIA MR N B 2R S AR BR AR, SR, JCU 4t 28 K REL, FRPN
AR RE R ik E] (24 = 7) ng/g(F 5-13), X R, Joiki e A TR 7 iR
AN B RE R SRR, TR TR A E

10 Coal ]
8
Lake Coal
6
4
2
-~ 0 i
= o
) S == 35 o op BH B B0 a o o I
B ] o0
g2 RS e RN EEE “ 5
= 10 wﬁNNé:fo;wgggizg Eg
= =
E g 8 Little Beaver S E
= & 6 75 G
S5 . 5
= E 4 Lake Little Beaver 50 22
= e = 8
mE 2 5 £3
g o0 : 0 %
B o= = = o0 ob & a a  30-Sep
T2E223238823
10 T IR s e 2y 1500

Driedmeat J4]
Lake Driedmeat Ji

= = = = & & & &
EEEE S 222288988
e s S i U B B 4
i &
—NAaYTornY -GG R
[ 9] Date

Pl 5-13  7E Coal, Little Beaver #l Dridmeat — ™71 P24 M N MC-LR {5 4 (HPLC 74l
E A5 OF ) AE R MC-LReq & i (BERE R RO BE 22 3% 5 ] PPases IIE | RATAREE)
(51 H Prepas et al. 1997)

B FAORIE AR H 815 BB MC-LReq YREEZIE AT ; iR2548: ISE
Fig. 5-13 MC-LR concentrations in the phytoplankton (by HPLC; open circles)
and microcystin (MC-LReq) concentrations accumulated in clams (whole clam,
by PPases bioassay; shaded bars) in Coal, Little Beaver, and Dridmeat lakes
(Cited from Prepas et al. 1997)

Arrows indicate the dates when clams were placed into lakes. Note scale change in MC-LReq

concentration across lakes. Error bars: 1SE

1£ Little Beaver ] Driedmeat #], SZEGHAE] I 8E R (MC-LR) & 5431 N
(1.26 £ 0.33) ug/L FI(3.94 + 1.35) ug/L, JCKIEARN TR S BAESLIRINIEE 4 K H
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(13 +2) pg/L FI(21 +5) ng/g, MAELRAIEE 12 Ko (100 £ 12) pg/L Al
(776 +215) ng/g. — UL, WA IRIAEDI AN MC-LR iy, JoikiEik
PR AR 2 Rt

JC U IR PN 10 75 2R 5 S B I HR A R TR) 3 st IR A7 AEAR KB S, Prepas
SE(199T)INNiX AT REJE i T 5 M. aeruginosa 1E75 [A] 11 B8 22 5 e ot R &
RINZEFFTE

FRENFESN SRR, RO E T RS 55 pg/L 9 MC-LR I 3
K, HAANBREZWARTLER AT LI KSE, MRS TRy s £ S8/ N T
4 pg/L MC-LR (A 4 KI5, JoOaibiR N s R 088 2 AT LUK K SF-[#E Little
Beaver {#1Fl Driedmeat #15371°(13 £ 2) ng/g FI(21 + 5)ng/g]. WAL, JooiiExT
MC-LR B9 R =B Rl S A BE TR, AR A s A a 25 M

3. 3 MC By 7% et

1993 4£ 9 A, KM E 5] Driedmeat 13t 24 K, HialiFHEAEY MC-LR (1)
SR E (2,78 £ 0.61) pg/L, TG ERAPAY MC-LR A9-F-2575 50369 +47) ng/g,
FER F B E N R (visceral mass)[ (55 + 10)%], ff(gill)FIAILAIZHZ (muscle tissue)
1523 £ 8)%HI(23 £ 3)%.

BIRMNEET R MC-LReq W RECUR T HE A AP I A A 25 14 5 S 2 2 24
Jfilal MC-LReq, iX—{Bi%&H AN ICH I B 1A = F8 5310 85 R I BRAR =X r S fe (&
5-14): BTG e sl R H I LU e R Sk, et 6 K, HERMEHERM

800
700 o WIEH] Visceral mass

- - WAL Muscle tissue
600 1 ] —- g Gills
500

400 i
3001 Nl
2007 N B

100
0

MC-LReq/(ng/g WW)

-10123 456 78 910111213141516171819202122
M Driedmeat Wit 5 1 H %k
Days removed from Lake Driedmeat
B 5-14 B IO R FEAE A BB Y Driedmeat W1 24 K(EE 0 K5, HB ALK = N
A KNSR EE R KA Th SR 21 K, HRITChEEN IR 65, LA CEFIILEY)
MC-LReq HJ & EHAFRIIREILT T8, %246=1 SE(5| H Prepas et al.1997)

Fig. 5-14 MC-LReq concentrations in visceral mass, gills, and muscle tissue (foot and adductor
muscles) of clams after exposure to toxic phytoplankton in Driedmeat Lake for 24 days (day 0) and
subsequent confinement in laboratory aquaria with dechlorinated water and green algae for up to 21 days.
Tissue concentrations are on a dry weight basis. Error bars = 1 SE (Cited from Prepas et al.1997)
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1% RN R . SEFILPI TEBR 253318 70% . 88%F 69%). K, Prepas
1997y, TCUA I B A =43 B AR P 77 A X 5 7 G U e P O A o e
HE R HIA R T ARG A BERRITAAE, 0] AE R X e g B
fish (T RELE PR UEA T AR 0V 48) T MC-LR,
TCHRIEXT MC-LReq RV BRI R I P Be: TEIBRSEIAYEE 6~21 K,

DA R g b () 2 R 2k, LA A BE 2R IS B AT R B FHONER
6 KM 69%F5H 21 K 81%). Mtk F, JCUE{AN A % MC-LR [ 29%
S50k 24 RATRIAAETE, W] MC-LReq [FIBF EA S48 e & 1B .

75 YOKBITIERE: Unio douglasiae TEANFREESEIF T
XF MC-LR A BRH BRI

HA2%# Yokoyama Hl Park(2003)fF5% T 7E LI = AR AT, BITER
I Unio douglasiae X} MC-LR FJ3ECHITE BRALEE . TR PRS00 p0 i i N
Microcystis ichthyoblabe (TAC95), 147 MC-LR(13.7 mg/g DW), FF 5256 AY B T5
BRIR B HAR Suwa IRS o FHF X SEIE AR H g MC % 251k 60 pg/g DW LA
b, SERRTTEAS S A PR SR 3 A LIRS BR SR . B IR e
W) 60 MIERERLIE S 4 (RS 15 MFFL R 4 A 15 L AR A SRK LK
A TN TR ER B KGR T, AR BRI IR, K
XSRS HIFE 15 Cal 25 CARKIRAFE T YIFR 10 K, R T 1R (freeze-dried) )
JCEE I H B B (Melosira) .

TR . LI AE R IEAR (incubator) R FEA T, BWERIANEEE, 15 CHFI25 C,
BN EEF 30 N, BRERR R TG B A BRI B AR 15 °C: (15.0 £4.33) mg/L
DW, 25 °C: (14.5 + 1.45) mg/L DW], iXAERIEEEEANR S Suwa /KA HA] Y
AL, AR IR K AR T B RS, tWRBTR A TS AT, fm
PIRHK— ., AAIESS 0. 1. 3. 5. 10 Fl 15 RBUEAMSS PR T MC 1y
YR R T AR ARG B R i, MUKIRA R 200 mL /K, @i GF/C JEME
WtE, BT, F HPLC ER R,

BERIGREE : 76 LIRS RIS TR 15 RET, FAAE T 7K b
BRI, BR T AR B0 A A, o SRR A AR, 43
BIFESS 16, 18, 20, 25 1 30 REUEAR IR BRI+ MC #53#7

WERF AR P R R A TR © B ¢ KR 5 & (butanol © methanol : water
solution)(5 : 20 : 75)REAHL .0 EIEWEE ODS fEMAH: (octadecylsilane silica
gel cartridge) ABR EATT LMW T, FHRHBERAEVERL . #3 & &FH HPLC EE

BB KA LA R Y MC-LR (19355 h (27 + 4.27) pg/L(15 °C)FI(50 + 7.52) ug/L
(25 C)o &t 3 A HBIERR, SLIFHRITEEFIRIR A R S o (& 5-15), —FF
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TR R B, IR R IR I R A R R R . RAG 5 K, AR R R
ARG AT RS s (130 £ 11) pg/g DW(15 “C)FI(250 £ 40) ng/g DW(25 C). BERY
IR AERL 2 MC-LR &% 630 pg/g DW.

FEHUY] Uptake period I i BR3 Depuration period
600
25°C
5001
= 400
()]
=2 i
g 300
E " ’
=200
@]
=
100
0 I 1 1 " _: MM
0 5 10 15 20 25 30
fifa]  Time/d

Bl 5-15 1825 CHAMT, RITHEREEF BN MC-LR (& SRS 2L 15 R4%
AR MIRIEAN, RIGLEE 15 R MEEIERS (51 H Yokoyama and Park 2003)
S BE AR 3 MR A, B IR S MC-LR A/ IMEFR KA
Fig. 5-15 Uptake and depuration of MC-LR in the hepatopancreas of Unio douglasiae ingested
toxic Microcystis cells for the 15-day uptake experiment at 25 °C. In the following 15-day depuration
experiment (25°C), bivalves fed nontoxic diatom (Cited from Yokoyama and Park 2003)

Solid circles represent the average of three samples and vertical bars indicate maximum

and minimum concentration of MC-LR in the tissue

MRS R AT, PR R MC-LR #5544k i (asymptotically )5
AR, B R () (0142 £ 0.044)/K(15 °C)FI(0.226 + 0.046)/K(25 °C). MC-LR
(B BRERALE 25 %ﬁzrﬂﬂﬁ 15 °C: MC-LR iR e 25 CAF R 3.1 K, T
FE 15 CHEMATNR 4.9 Ko 2k 15 RTERRM, SRR MC-LR & 2015
17.1 ug/g DW (15 C)F1 8.4 ug/g DW (25 C).

- KLU Dreissena polymorpha % MC-LR A3 U1 BR AR

far 22 FF2E 5K Pires Z5(2004)FE LG 554 T OKIR 12°C) , WF5T T BESUE Dreissena
polymorpha %f MC-LR [FEHURITE R . BESUHR B Usselmeer 1, K45 20 4
BESUARFRAE— A 2 L 0.2 m IR U Ak b, ZE/KIBAE RS AR
BYIRA . W5k 3 Mk © (URREHTEIUEREE(Nannochloropsis limnetica);
2 50 : 50 HYMIRLIEREEFIIILE AL BEGETHIRED); O UMRMSMEE. &
MNP 3 ANEIL LR GAERE N Microcystis aeruginosa strain NIVA-CYA 140,
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£ 3.1mg MC-LR/g DW. A 7/K A B S B E R 2 mg C/L, ZKRAH o B K B
JE 3 Uk, RBUCEIRRFSE 3 8. 2, XA A A VR VA U R AR5
THERALAEE, TEBRIFLE 3 J8 o A AR KGAR TR BEAILI 5 A0, e 0.2 pm I8
B B K 4 h LUE= &8, XA MC-LR A& iziE | 88
BorEE, (R MC-LR. 7£ 6 RIRSLE, ¥R HBEEsET B4
IR R R B LC-MS e, ~F-3 D% (average recovery)h(50 + 4.2)%.
UEAh, i MMBP 3, I T A4 3 40 255 [ (covalently bound)MC.,

TERIUN, YBESUE MRS, A MC-LR B3 25— F Bk 3|
HRMECE 10.4 pg/g DW), 2 2 JAFEALEREX—/KF-(CFY 10.8 pg/g DW), i
TE55 3 AR T RER] 6.2 pg/g DW; MY BESUIHEAR MRS B AR B R IR & 2T,
RN MC-LR B & BB (& 5-16) TETEFRITT, (A s i i 7E s 1 A
W MC-LR 75 8 RIRHE TR 5 45 R e A sk e iR 5 2 i, 72565 1 %
RN MC-LR i SEACRAE , 57 2 FIEACT 2%

FEIY BRI
Uptake period Depuration period
16 1o = | >
14 - ¢ CYA140
- O Nannot+CYAI140
= 12
A A Nanno
R (U
g
=
2 8
-
O 6 - *
=
47 ]
- ]
m *
0 ® * & & * & - 4
0 1 2 3 4 5 6

IHAE]  Time/week

& 5-16  BELOENT MC-LR (3 ( £ S.EBELER 1~3 JE)FIERR (5 4~6 JH)(ng/g DW),
W . (URMMEEHRE(CYAL40); WRBM =M. [UEHRHIEKEE(Nanno);

S PUTTE  BRAEEEE NI EREE TR B ) (Nanno + CYA140)(f& UL [ Pires et al. 2004)
Fig. 5-16 Mean ( £ S.E.) uptake (Week 1~3) and depuration (Week 4~6) of microcystin-LR
(ng/g DW) for mussels fed solely Microcystis (CY A140, black diamond), Nannochloropsis
(Nanno, black triangle) or a mixture of Nannochloropsis and Microcystis

(Nanno + CYA140, white square) (Modified from Pires et al. 2004)

BrooE s s — s, HAARN N Z55 ) MC-LR {45 MC-LR &=/
1%, MM, W BT 38.3%(3% 5-2).

PIZ e H MC-LR & i i (16.3 pg/g DW) M EERE, LURGKIEM (4ythya
fuligula)3ITE 0.9 kg) I, FHIZ A 1700 g WW BYIELZ1(Z) 68 ¢ DW), N

+ 108 -



MC-LR 5K AHEHCR & 1231 pg/kg(Pires et al. 2004), %% MC-LR )G 2 WA 3
B IKF(NOAEL) A 40 pg/kg(EHxd /A BRI 1158 M45) , FIlk MC-LR 9 LDs,
2474 5000 pg/kg (Fawell et al. 1999), FIt, ANKATHES & A RSk TS R BB
EmrhEEAE T RIS, BA R RES IR BUHRGT ; BEE TS (4. marila) ) E AR EEA
Z{p)(Pires et al. 2004),

*52 ZH1~2FAFEETFMC-LRE, RAEHEMNM MC-LR K E(ug/g DW), & MC-LR

2 MMPB ;4325 LC-MS ZE, TikE MC-LR £REEZER/FA LC-MS MIZE,

& MC-LR #0558 MC-LR Z £R1 A £ M4 A8 MC-LR

Table 5-2 Concentrations of MC-LR in zebra mussels (ug/g DW) after 1 and 2 weeks of
exposure to MC-LR. Total MC-LR was determined using the MMPB method. Free MC-LR

was determined with a standard MeOH extraction protocol. Both extractions were

measured on LC-MS. The difference between total and free MC-LR is given
here as covalently bound MC-LR (Cov. MC-LR)

5 Week 4 MC-LR [ 1 MC-LR g4 MC-LR
H
Total MC-LR Free MC-LR Cov. MC-LR
1 9.08 8.99 0.09
2 16.3 10.05 6.25

(51 H Pires et al. 2004)(Cited from Pires et al. 2004)

I\ IRK YR Sinotaia histrica ¥} MC-LR B4 BRI FR AL

HAY:E Ozawa 25 (2003)WF58 THESLIRAME T, A IR Sinotaia histrica
MC-LR RER BRI BR A o SRR T 3 ANKIAE, B3 6 L K,
185 MNHIBCEEFE K 15.7 mm)/r 87X 3 ANKIEFE P IRSE . KRR A S T4
HAFRBK . FERG A HIZEMEA B BE(1.0 x 10° A~/mL), HHELE 15 K,
RS AT AR . SEIRTFUAHT, B 15 MM R SR AENXTIR), &
Je, ANTESE 1. 3.5, 10 A1 15 KEEHLEL 15 MEOHra R S, RS 24 h
Jei . WCEEAKIGAE T K SR T R A A it . SIS0 1) Jr R K
i, PRIERE R T R e A 2

T PR SE IS AE BRI S IR 2 o 5 R T, WA rh 7K B A B e e 50K
I B AE SRR . K5, AP IFESs 1. 3.0 5. 10 F 15 KRBEHLI 15 M2
Breese i SRIBORITE BR S2 5 1 18] i) 7K 4 (19.0 £ 0.3) C.

FERRICCI AN, $EEIEAA, BRARTRHEE T A i e s an i py 25, 124 il
MHEF RN LS8 8Q01+£61) gL, X MCLR 1 &% &K
1.48(0.42~2.65) pg/ind(&l 5-17). TEMUMESMEFAPEBAMINT, RAETEIR AR ks
MRNEHERTE, HRICERITRE, BFREE P mER S ERE LT, 75 10
KIKB| e {E (436 ng/g DW). Bl PRSI0 0 25 o RIS 1 e i i, SBHHige it
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) MC-LR &P 5 KRB THEE(E 5-18), ItJF, MC-LR % 5%%
18RI, ZESLIRLE B R RRE TS A& (127 pg/g DW),

1.E+09 3.0
_ 1.E+08
§ 1.E+07 =
235 LET06 20
S L 1E+05 =
S 2 ) !

S LE+04 P~

o =
£ 3 1E+03 1.0 O
®m p=
e 1.E+02
=
= 1.E+01 }

1E+00 1 1 L 1 1 " 1 1 1 1 1 1 OO

1 23456 7 8 9101112131415

R[] Time/d
K 5-17  $BUH ST Microcystis ichthyoblabe #HiJi(IM) &% MC-LR
(AW H BRG] H Ozawa et al. 2003)
Fig. 5-17 Daily uptake rates of Microcystis ichthyoblabe cells (ll) and MC-LR
(A) during the uptake period by the snail (Cited from Ozawa et al. 2003)

500
W U0 Uptake period
n AR Depuration period
400 [ ) = 118.32In(x)+64.09
= R =0.7285
2 300F m A
] = ~0.0828x
E_D = 1074¢7002
= R* = 0.8580
200 ¢
=
Q
= 100
0 1 1 | L

0 5 10 15 20 25 30
] Time/d
518 FERRHCRIEERIE], BN b MC-LR WEER ML, 55 0 ARG F
MC-LR, DW AT H (5] H Ozawa et al. 2003)
Fig. 5-18 Changes of MC-LR concentration in the hepatopancreas of the snail during the
uptake and depuration experiment. MC-LR was not detected on day 0. DW,
dry weight (Cited from Ozawa et al. 2003)

TEIGRRIZIRINEE 3 K25 5 K, AT GRS EA RN E
Tto HAth2EFBIE T FEPARSI AR 2B S (Vasconcelos 1995, Amorim
and Vasconcelos 1999),
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Ozawa %5(2003)5 |38 Yokoyama Fil Park AR &£ TR, 1999 44 W KB R
AR 5 A, A7 IR 82 3R % A 2 101 ng/g DW, ABATHENX AT BE
KA ZEIRIAN R TR MEER R . Bk, BIANMEERRRIFEU] .

T, SR BRIE SRR MC 5 bh ok

TESCHRACATT, ARSI AN ) MC(FR AT 210 FT AR RIS & 5 (R 5-3),
N TR R R AR A MC-LR &0k 630 pg/g DW(25 °C, JIrfS e () uf 20 g
Microcystis ichthyoblabe TAC95 /)53 MC-LR &=k 13.7 mg/g DW) (Yokoyama et
al. 2003), HU2 Sinotaia histrica FFRIRH S 5 A] 15 436 pg/g DW (19 °C) (Ozawa et al.
2003). 7E Yokoyama 5$(2003)fscisr, —ILdH T 60 NMEITERE:, (U5 — 5T
T-(HBIAESS 23 K, 15 C), i [FI THERIEFEREAR 1 MC-LR [Afse M =535 130 pg/g DW
(15 °C)F1 250 pg/g DW(25 °C), FMBETEREEXT MC-LR EA R A2 HE

R 53 ENZWPREIMENNSESE

Table 5-3 A comparison of MC contents in mollusks in laboratory experiment

GBS wE HHR TR ViKVIWIRES SCHEk
Species Organ Toxin Max. concentration Analysis Method References

F4M(Bivalvia)

—Fia o Whole MC 0.204 pg/g WW PPIA Williams et al. 1997b
Mpytilus edulis
Whole MC 336.9 ug/g WW Lemieux Oxidation Williams et al. 1997b
GC/MS
I Whole MC-LR 10.5 ug/g DW HPLC-UV Vasconcelos 1995
M. galloprovincialis
Digestive MC-LR 27.6 ug/g DW HPLC-UV Vasconcelos 1995
tract
Whole MC 16 pg/g DW ELISA Amorim and
Vasconcelos 1999
—Fp Tt i Whole MC 30 ug/g DW HPLC Lindholm et al. 1989
Anodonta cygnea
Whole MC 70 pg/g DW HPLC-UV Eriksson et al. 1989
Hepatopan- MC 136 ug/g DW HPLC-UV Eriksson et al. 1989
creas
—FP G 14 Whole MC 1.35 ug/g WW PPIA Prespas et al. 1997
Anodonta grandis
simpsoniana
5 Tk e Hepatopan- MC-LR 630 ng/g DW HPLC-PDA Yokoyama et al. 2003
Unio douglasiae creas
BESUE Whole MC-LR 11 ug/g DW LC-MS Pires et al. 2004
Dreissena polymorpha
5 B4R Gastropoda
A IR Hepatopan- MC-LR 436 ng/g DW HPLC-PDA Ozawa et al. 2003
Sinotaia histrica creas

DW: T dry weight; WW: {2 wet weight; whole: #%{k; digestive tract: JH{kil; hepatopancreas: JFHAR
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EARE  BAKEH MC ERESIE AR E YRR

KT A SRR AP A TE ARSI N MC S IFFT 4 Kk 250k B RKok
I, EEESNEFEAREEN, W8 KRR M . JESEI RN K A, AR
&, KT HRAKIE ARSI RN MC 778 0 B R AGE W7 (Chen et al.
1993), TMLERKKAS, Watanabe 25(1997)5T HZ Suwa 1 fP A& P /£ 7E MC
(RIE R K

— . PRIEIR N MC A7 R 1 IR ARGE

Chen Z£(1993) 1 UKHiAE T K HIETEAYIELH LU MC-LR (7746, BERER A
ERARAK IS Gillam 5o AMUATHE 2 B IR S P00 1 2 G g A 2 75
2 W5 VE D8 % (diarrhetic shellfish toxin, DSP)IF & IAE7ERFIEPEYI, He R H
AR OA B g, ez 1Y H AR K% b5 fE (quarantine standard) i i
4 A5 o TE IR (5 5 PPase BRFIIHIAAFE S04, HEBR T CLRIETS 1 DL B2 2 (n
KHHRFAER OAMTTRE, MHIN T 5IRAKH I MC HA AU @G RFAE i —Fh
B R TS A T ) BT A AE o 8 i Y B A8 BUY) (methanolic mussel extract)
Mo, 52 Ef LR MC-LR — &R 3hriEHEY R E 6-1 B(A)FIB)], &
1 BYNE H K (capillary electrophoresis, CE)#fINIZIMNH]FE MC-LR[K 6-1 9
(O~(E)], JFHE /3 H7r £ W % 5 R I A9 [M+H]" 4 (995.9+1)Da, 5 MC-LR 4
[M+H]"(995.6 Da) /W48 6-1 I(F)]. EEHLIPREEE MC-LR &H24 600
ng/g. ik LC 1 PPase B 5k, M Ti8 & IINE KA Prince Bdward & F7#5H
AR PN 3 MC-LR(E—#53d 14 CE #iik MC-LR FUAETE), &ih 2 ng/g.

Chen “5(1993)I\ Ny, FEMFEAITTIEA TR R BUENE MC Bl T—255
MG TEHLRE S R A T RPN g R WA, WM A TR &
(Hepatotoxic shellfish poisoning, HSP), ifii HSP KRR UEN 2 & (KT DSP, KN
MC-LR i LDso(50 pg/kg, i.p. in mice){4 OA (¥ 1/4. Hashimoto(1979)8 fizi& T A
T & A B Em & AP BN EATaT 2, FFR e h —Fpiioh

“venerupin” FIYIATS A ; T IR ML e iz b S PI45H, Chen
451993 AT BE Y MC A6, 76 Chen Z5(1993)IHFGE T, BARBCA TRIA A
MC AR 4, (B AATIA K T BE &V 5% AE ) (marine prokaryote).

Chen 55£(1993) 138 SRt FAIEIE A A 1 ME——FR40E T 76 RIRMHECR A 5

IR SIIAR N KA MC AAERIRSC .
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B 6-1 IEPEARILIEIEA N i MC-LR f4i4L 54-F (5] E Chen et al. 1993)
Pl (A)FI(B) 22/ AR [ WA RR AR (PPase I 110 1E 115 AT (TR I FH ) PP-1c AEMINSERL(F Vydac Cs B, K2
PR 206 nm) I E A9 MC-LR 9 @35 EIEH 22 55 181(C)~(B)F7m I (A) Hh BLE A A TRORTR 3@ o B A4 LUK
(CE)MIZA31 MC-LR AT ARG R s IR (B RR BB 0 [ (D) ME TR IBEd Pt b 5 MC-LR By
FJA: A PR B8 B 1) [ P81 (B)] & 5 MC-LR A [/]— 4yt ) 2592 8 3 — 2 0t (1.6 ng) Y MC-LR FRiER BRI (C) )15 LA
Wk [ (F) I BRI AE KA MC-LR # B35 23-H7
Fig. 6-1 Purification and characterization of MC-LR from Northeastern Pacific Ocean
mussels(Cited from Chen et al. 1993)
Panels (A) and (B) represent the detection of a PPase inhibitor chromatographically indistinct from MC-LR by LC-linked

I 1] Time/min

PP-1c bioassay employing a Vydac C;s column with detection at 206 nm. Panels (C)~(E) represent optical detection and
resolution of MC-LR from the active LC fraction in panel (A) by capillary electrophoresis (CE). The mussel PPase
inhibitor [panel (D)] eluted at the same retention time as MC-LR [panel (E)] and its identity as this toxin was confirmed
by spiking with a defined amount (1.6 ng) of MC-LR standard [panel (C)]. Panel (F) represents mass spectrometric

analysis of MC-LR purified from the mussels; CE detection was at 200 nm

T WRIKIER R MC AR T O ERE

RAKEESAE H A MIRACIIA P ) 2 A7 AE, (HARDBANIE 2. HAW
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Suwa #1534 B ZEHAT " HE A IEROK &L, Watanabe S5(1997) X0 %8 FPi A P
T EBA MC #17 T, Ity 3 4 iR (Unionidae) RIS, 431
BRIV A (Unionidae) A9 [R TRER I Unio douglasiae . Ttk 1V} Anodontmae A £
T Anodonta woodiana FIREEUENE Cristaria plicata, A TAMGE H AR KKK
R E LANE, TEREWAT 20, EFRE, xR aT it N ], W &SeH
AENZEEMZE R, R T SR RRERGFEE 1996).

i Frit-FAB LC/MS #IAIF THEREEATBEIR ' MC-RR(E 6-2 HRJIE A)FI
MC-LR(& 6-2 s i BYWIAFEAE, DL M ek iR h MC-RR HA77E(E 6-3
I A). WERTEA] ODS FEREATES 1| ki ZERE b, PRI TES 2 Ik
#rfk, HPLC k&l 1 A sos ISR (K 6-3).

(A) | ©)
; UV238 nm I A peak A (MW 1037)
|! g 100
g 80
| .
} B 2 60
| e _’_‘ ﬁ *
= A R
0 10 }5min TE 20 1038
E L o
200 400 600 800 1000 1200
(B) M/Z
TIC mag.
A To. ®
§ 135 B & A peak B (MW 994)
=
—2 ‘1.0 § 100
S AN WA
ﬁ 995 ﬁ‘g o
e
045 T o 40 [M+H]
321 B £ 20 995
1038 . 2 0 ;
: '15.3 200 400 600 800 1000 1200
50 100 150  200Scan M/Z

B 6-2 BRI %R (5] H Watanabe et al. 1997)
(A) 7 238 nm B KK 0 HPLC G5 (B) Bt TR AT H
135, 995, 1045 F1 1038 I F¥Kl; (C) U A 1) Frit-FAB
(BEFE IR (D) 1 B 1Y Frit-FAB il Kl
Fig. 6-2 Chromatograms measured for a hepatopancreas of Unio douglasiae
(Cited from Watanabe et al. 1997)
(A) High performance liquid chromatogram monitored at 238 nm; (B) Total ion chromatogram
and mass chromatograms monitored at m/z 135, 995, 1045 and 1038;
(C) Frit-FAB LC/MS mass spectrum of peak A;
(D) Frit-FAB LC/MS mass spectrum of peak B
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&) ©) R.T. (min)
| JH QDS AEHEATH 1 X 0 10 20 30 40 50
HLIE " mag

i | After the first clean-up _l_%e\/_ﬁl.h-_____w*__ 10

‘ with ODS silica gel
I;R 995 . 1.0

‘ \ 104‘5,(\, '28.0

: T ~13.4
r T T T 100 200 300 400 Scan

£ Abundance

>

0 5 10 15 min
(A) (D)
FHAEIRFEHAT 2 2 I A Peak A (MW 1037)
VL A g 100 5>
After the second clean g 80 207
-\J.'IA -up with silica gel B2 [M+H]"
\{r 42 60 337 1038
s
N gz W
—
_ — = 20 5.0
!
0 5 10 15 min 200 400 600 800 1000 1200
M/Z

Kl 6-3 HAICH IR R (5] H Watanabei et al. 1997)
(A) Jeid ODS FEEH G TE 238 nm P KA HPLC &5 T ; (B) PR AEIAE) 19 HPLC (iRl
(C) BB TFHMIE A TERATEL R 135, 995, 1045 A1 1038 H9F %R ; (D) A fY Frit-FAB Jiii Al
Fig. 6-3 Chromatograms measured for a hepatopancreas of Anodonta woodiana
(Cited from Watanabei et al. 1997)
(A) High performance liquid chromatogram monitored at 238 nm after the first clean-up with ODS silica gel. (B) HPLC
chromatogram after the second clean-up with silica-gel. (C) Total ion chromatogram and mass chromatograms of Peak A
monitored at m/z 135, 995, 1045 and 1038. (D) Frit-FAB LC/MS mass chromatogram of peak A

M MC T B THER 252 B ) 3 A S OO T, HBE R i & iy, O B
LA, ZEPERRFIS ARG h & AR 6-1) o FETS M IR R AR, (kU
#| MC-RR, TI7ERE SO AT AR rh A 2] MC. 5 TR AT A Ik i H
AR LR RS, (8 R B i 4 s R PIr g 2
& 6-1 1992 M Suwa #FEEIH 3 Fhl 2 B M RARMIEREFE(MC-RR #1 MC-LR)HEE

Table 6-1 MC concentration in mussels collected from Lake Suwa in 1992

ik H 1 WE MC/(ug/g)
Species Date Organ MC-RR MC-LR
[63) TH B ek 7 722 H July 22 SR
: . 1.73 0.99
Unio douglasiae Hepatopancreas
HEAILA
Gill and muscle 1.29 071
PERR Gonad 0.79 0.40
A3t Gut 0.79 0.52
Cpiibn s 8 /1 8 H August 8 JHF R
. 0.21 ND
Anodonta woodiana Hepatopancreas
OO 9H 19 H July19 e ND ND
Cristaria plicata Hepatopancreas

ND: Jo##f# no data (51 H Watanabe et al. 1997)(Cited from Watanabe et al. 1997)
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Watanabe 5£(1997)38 SCREXT M H AR K AR AR AR B IR KR B A MC
TEAERY 1 R ARIE .

= HA Suwa i 3 FPEERTERRH MC #9212 Sh L

Yokoyama il Park(2002)iF57 T H AA I i Kl & 5 2 AU Suwa i
3 Pl BE AR H MC ZE A8, Suwa 1 H 20 42 70 FRPCREHFEEL
A PEER A K AR K AE T MC-RR AT MC-LR o A 5 2900 B I /K IR Z) 1 m
IR, AT 1997 FE(RT RE—UR)M 1998 HF(REM T RE—R)iHF T, K
2 3 . BFMAICAIE Anodonta woodiana . ¥8EGENE Cristaria plicata FNR| THER
Unio douglasiae . WUFIENEH TR R 38T, BIFE W (seston) H1 1 MC HLFRAE A
(intracellular)MC, #FME MC HFRHE M extracellulan)MC. JEPY ., BIARA S I
JBERA MC B9 E F] HPLC 3%

A5 1998 AERG R4, HIAhe) MC K TN MC, HEH#EZ A 2%,
Jash MC iR R{E A 0.211 ng/L(E 6-4).

0.4 40

—o—/u4 Extracellular ®

03+ --*--fly )i Intracellular ”/I \“ o

Jash MC ¥ )%
Extracellular MC/(pg/L)
!

[ ]
(==}
HaPg MC )%
Intracellular MC/(pg/L)

A M J J A S O N D
H 1> Month

Fl 6-4  Suwa HIFRZKFIENAIIES MC & 5ERZE 1L 16(1998 4F 4~12 JT)
(51 B Yokoyama and Park 2002)
Fig. 6-4 Seasonal changes in extra- and intracellular MC concentrations in surface water of Lake
Suwa from April to December 1998 (Cited from Yokoyama and Park 2002)

3 PR A MC R, [HAR KRS & MR
P MC 5 B AR T RE SO AR R, 3 MFI2EM) MC S i K (e 551
9 12.6 pg/g. 297 ug/g Ml 420 ug/g(F 6-5). FFHFERRAN A MC-LR 5 MC 2
FCEAME+SD), 75 A A I 4(9.8419.8)% . ¥ S0 41(8.9+10.1)% , efik T T5
BRI (38.6£17.4) %, ME 6-6 FTLAE i, [RITHEREEX] MC R Rk &4 Hh MC
BRI 28%. 3 RN MC-LR/MC 14 Fo i P38 A T 22 5%, (B B3
] B MC-RR Ay, MR MC-RR/MC T SS, FRilllEis M
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W TS SRR N ) MC-RR/MC ik 90% .

1997 1998
AMJJASONDJFMAMIJJASOND

50
40| (A) LKL mmm MC-RR
A. woodiana 1 MC-LR
30 T
20 /i H
N
0 —m . E l. o=
—
300f (B) wHLjE
250} B. plicata
200
150
)]
1] %g 100 I i
2 50
§ § olam I A -
o
=< P (o) mmime
% §' 4001 C. douglasiae
= g 300
S 2s0f
200
150 *
100 , '
o
50 . &l f
0
AMJ JASONDJ FMAMJJASOND
1997 1998

Fl6-5 EEEEMIT MICINEE(A) . FESUEE(B) IR TR IE(C) B
MC ¥ ERIZET5754k(51 B Yokoyama and Park 2002)
B TSR ARSI S X AT 5 F7E SRR 90 77 5 1 BB R £ 440y s AR 40
* N 1998 4E 12 J1 3 HETR—MEERBIIIEE, HERI(C) A B LRI 2 33 4>
FE LTINS A4 5 MC(MC-RR+MC-LR) & 5 (136 [l
Fig. 6-5 Seasonal changes of MC concentration in the hepatopancreas of (A) Anodonta woodiana,
(B) Cristaria plicata, and (C) Unio douglasiae from Lake Suwa
(Cited from Yokoyama and Park 2002)
Data of U. douglasiae show mean values. * not determined; fthe period during which eggs or glochidia

were observed in brood chambers of the outer gill lamella; % the value derives from one
sample taken on December 3, 1998. Vertical bars in panel (C) represent the rang of total MC
(MC-RR and MC-LR) concentrations in two or three samples

R TH R AR ) MC SRS SS il MC(ug/g) o A AR I i A Sk
(R*=0.72)(I& 6-6), M4 SS Hfi) MC &t flug/L Zonit, MERE R7=0.15, 5
VEMRAEK T MC & i (ug/L) I R L R*=0.01,
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500 T T T T T

y=028x—8.24
S R*=0.72 .
E 400 .
i 2 iy
o2 ey
o3 300 f
5 200f '
m 2 g
= g g
® g
[ERg= . P
T E 100 F o, T .
.. -
Pt W |
0 Bt s L 1 ] 1

0 200 400 600 800 1000 1200

SS H1iy MC Fr i
MC in SS/(ng/g)

¥ 6-6 7 1997~1998 4EMIA], BITHEREEATBEAR i) MC & it 5 8029 iy
MC & RIYZMHEEISCR (G B Yokoyama and Park 2002)
LRI BRI AL, MR AT IFR A G ZR 1Y 959% 1Y) A7 B B THUME b i O 22
Fig. 6-6 Linear regression between MC in the hepatopancreas of Unio douglasiae
versus MC in SS during 1997~1998(Cited from Yokoyama and Park 2002)
A solid line is a regression line for all the data; dashed and dotted lines indicate 95% confidence limits for the

regression and standard errors for the predicted values, respectively

Yokoyama Fl Park(2002)i\y, {U{UARYE SS HYEEZR & w R T AR
MC BAEY RBUEAEE, Flin, MC 7ERCRTTREE 5 B, oM EE R g b s
Z % (depuration rate coefficient, kq)F/KiA) T REMIFEAL, XA, HTERK kB
fiX, AL MC AEBIERRTTISE R E 2 E K, WatEil, FEEHERE S
MC FArffgE E—FRBE TR, H—FfrlaeE, F Al B Tekst)
M EFEZEY, DA R, NIMAT e MC LR,

PO R 4 RS FrAR B R MC &R AR L

Chen F1 Xie(2005)F 2003 4 10 A & 2004 4 9 AWFSE T KIHFRE b 4 Fh
RAKIECE MG . BRI . — A LIRS SO ) (B 6-7) 1R 45 R B (I
JEERR . Bl . PIBERT . s R A Y 3 A MC(MC-LR . MC-YR F1 MC-RR)
IZETTAEL . MC BYEPEFNE /251 LC/MS Al HPLC-UV., IR A4
BB A R A T KA, 4 FER AR . R, 87C FISPN A K H
RO LR 6-2, FLrh =AM 3R E A RA Rl RIS, R RN
FHIK T b o
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B 6-7 kA KWL 4 FEE H (51 B Chen and Xie 2005b)
(A) FALKEE; B) WRILE; (C) =AWlE; (D) MEUEH
Fig. 6-7 Photo of four bivalves collected from Meiliang Bay

of Lake Taihu (Cited from Chen and Xie 2005b)
(A) Anodonta woodiana; (B) Lamprotula leai; (C) Hyriopsis cumingiiy (D) Cristaria plicata

®6-2 KR 4 MERGK(BL). HEBW). BHSMSCHdS N E
(8 AR BHSH
Table 6-2 Body length (BL), body weight (BW), §'°C and §'°N of the feet
(in August) of the four bivalves collected from Meiliang Bay of Lake Taihu

i 2SS Ny s1C NEN AR A1

Species BL/mm BWig Natural range
TG 13048.4 77.4+13.9 -29.84 4.48 R RGIREG. H AR E
A. woodiana China, USSR, Japan and Korea
IR 100£6.5 59.6+7.3 -27.01 9.81 o E R R
L. leai China and Vietnam
= FAmig: 190+12.4 89.3+12.5 -29.21 5.87 o E R R
H. cumingii Endemic to China
L 240+13.5 114.9427.8 —24.7 12.6 P RTARIG, H A
C. plicata China, USSR, Japan and Korea

(51 B Chen and Xie 2005b)(Cited from Chen and Xie 2005b)

FERFFE IR, B AT SRR N A 28 B P I MC & i 2T AR IR R (T 6-8), T
BRI RIAE 7 5 8 JT I W iy A, 7EAFIEAR . Fmil . NRERT . B
JE AR B P R MC 4351k 38.48. 2065, 1.7, 0.64. 0.58 i1 0.61 pg/g
DW(F 6-3). RE&R LR ATTERTPIR 1 (45.5%~55.4%) , OO S A A S B0 1)
PERR O IR (27.6%~35.6%) , TIHEAL H i & i fIR(1.8%~5.1%) . 4 Rl iE
FUFFBRAR H 9 MC & i 22 R HAT 8 2 1 IE A DG (=0.75~0.97, P<0.05). ItLAk, T
JBEAR H MC (R (B S R 1981°C FI 81N =2 a3 A 1E AR SR (853 510 0.919
10.878), FEMIFFIBER F B AR B MC &5l RE S HEU YA R A %
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HATHEIEA)IFER . B)BE. (COWIEE . D)Hf. E)EFEF)ZHH MC-LR,
MC-YR Hil MC-RR #JERIZT5724E (5] A Chen and Xie 2005b)
Fig. 6-8 The seasonal changes of MC-LR, MC-YR, and MC-RR concentrations (ng/g DW)
in (A) hepatopancreas, (B) intestine, (C) viscera mass, (D) rest, (E) gill and
(F) foot of Anodonta woodian (Cited from Chen and Xie 2005b)

BTy 0.2, R/NARIERES MC-RR, MC-YR ) LDsp 2l kb
MC-LR & 5 f5#01 2.5 ff%(Gupta et al. 2003), 435K MC-RR il MC-YR FELL 0.2 Fil
0.4 %4 sl MC-LReq, FHEE BUAEANRFRIRTE S 60 kg, B AR 4R 300
g SEEE RN, WA TRy 28 D EFEM T, A 15 1N (54%)E 1t WHO #iY



) TDI{E (5K 0.04 pg MC-LR/kg BW). 24 1 J& RO B (1431 2% LA T A 4
ZU(EFE MC Fra AR m AR, e s FURAE B PR A 7 0 7= (LAHERR
W) o TEZEIEIE] , 4 Rt AR -4 MC 550 0.064~0.188 ng MC-LReq/g
WW, tt WHO @i TDI (5 8~23.5 A (AR IX el A A R il (PG TE) ! BRI,
13 AT R (18 B2t N St B EL A A s (0 FE B !

% 6-3 2003 £ 10 AZE 2004 £ 9 AHAE, MAKBERERERR 4 Fhibks
HETELSSAENES. EREPHSHRIERASLT
Table 6-3 Dry weight of the different bivalve organs as a percentage of total weight,
MC contents and percentage of toxins present in the different organs
of four freshwater bivalves collected from Meiliang Bay of Lake
Taihu during Oct. 2003 and Sep. 2004

e i T& S MC #HHE HE
Species Tissue DW/% Mean MC/ug/g Toxin"/% Toxin"/%
HAIHEE  HiF Intestine 22 2.17 (0.42~7.88)° 22.1
A. woodiana
JF g 5.1 1.54 (0.15~5.96) 35.5 45.5
Hepatopancreas
i liE| 40.2 0.14 (0.007~0.31) 25.7 329
Visceral mass ¢
8 Gill 95 0.08 (0.034~0.12) 3.5 44
£ Foot 12.1 0.072 (0.024~0.19) 4.0 5.1
HoAth Rest 31.1 0.066 (0.035~0.11) 9.4 12.0
= FA i 7l Intestine 3.7 3.83 (0.035~20.65) 21.7
H. cumingii
SR 8.3 3.42 (0.076~12.50) 43.4 55.4
Hepatopancreas
AVER 453 0.31 (0.052~0.80) 21.6 27.6
Visceral mass ¢
il Gill 9.1 0.10 (0.022~0.23) 1.4 1.8
& Foot 10.0 0.21 (0.015~0.58) 32 4.1
HoAth Rest 23.6 0.24 (0.052~0.49) 8.7 11.1
Lo [38 Intestine 5.7 1.68 (0.069~5.64) 23.5
C. plicata
SR 29 5.79 (0.16~38.48) 412 53.9
Hepatopancreas
NAER 58.0 0.19 (0.017~0.71) 272 35.5
Visceral mass ¢
1 Gill 6.6 0.093 (0.035~0.22) 1.5 2.0
J& Foot 7.0 0.11 (0.033~0.23) 1.9 2.5
HiAth Rest 19.8 0.096 (0.037~0.22) 4.7 6.1
GRAnEEs J138 Intestine 1.6 0.93 (0.18~2.53) 2.8
L. leai
JH R 6.1 4.25(0.38~13.23) 47.4 48.8
Hepatopancreas
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sik

Ahk i FE S MC R HE
Species Tissue DW/% Mean MC/ug/g Toxin®/% Toxin®/%
N ER 452 0.41 (0.037~1.70) 34 35.0
Visceral mass ¢
il Gill 7.8 0.22 (0.004~0.64) 3.1 32
JE Foot 9.9 0.19 (0.021~0.52) 3.4 3.5
Hifth Rest 29.5 0.17 (0.043~0.61) 9.2 9.5

a f % %iH Including intestines; b ASUFEI%E Excluding intestines; ¢ 55 H AR /R TEE Values in parenthese
indicates range; d LG ITAEEARFIAIE Excluding hepatopancrea and intestine
(51 H Chen and Xie 2005b)(Cited from Chen and Xie 2005b)

i, faf % IJsselmeer WIBESCHEAR PN AG MC 5 8 B2 11484k

Ibelings Z#(2005)WF5% T faf 22 A KRB AKITH sselmeer MBS (Dreissena){A& Py
MC 2 ZET AR IR PRI N B IR T, W1 TR ) 13 BT
DU TR . BESUERICRAR, JRFRIFAFAInE e, BRI VR T . RiE A5
J&, F HPLC M MC . TEFTaHTBEsciirt i, 89% it MC, ~“Fy
MC (B 6-9)7E 2~12 pg/g AFDW ZBgh(EIEA A& iR, AT EDW)EE MC
(R VU AR o e LT Bk T2 SS HIgAI H MC, SS Hify MC
HYLREIA 0~3600 pg/g AFDW(0~2400 ug/g DW), Tii[AlEE I i iz shiy
TR MC S &TEFN 63~211 pg/g AFDW(57~192 ug/g DW), i TRESUE, ibf]
N, BESUEAR P MC Bt I R R 2 — AT B e AT TREE BRI HER A e

10000
i South F
o]
_ 000 1997 ¢ 1% North 1998 1999
E — ¥ Mean F
= 100
%rg 10 g 3 e
= I o .
5 e xwg& oy
— [} o
O 1 4 1 L
=
0.1 hd »
55522538 55522838 5553283
A4y Month

& 6-9  fuf 2% Usselmeer W REHB(ES /O [RIFE ) FNAGEB (20 [RIBE ) 7 22 3 4F(1997~1999)
HZEPEOOHANT MC &, ELFR W51 H Ibelings et al. 2005)
Fig. 6-9 Concentration of MC in Dreissena during three consecutive summers
(1997~1999) in the southern (open symbols) and northern (closed symbols)
part of Lake IJsselmeer, Netherlands. The line indicates the average for
the whole lake (Cited from Ibelings et al. 2005)
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7N\ IERNAE IR KX 3 RHRSELH S MC &5 & 1521

Zurawell 45(1999)id it B AN AL B 751, WESE T 1A A B SRR AR A
MC FEIsEm . 1SR A F &K Alberta HAbERATHER 7 MEIA, 765 H
R 9 P A RRE—IR . XUEENAEIETTE R 2 E BREA I EFRK
- IBRCRALESE) Y MC 8 HPLC Sl A il , AGMIFRZ)H 1 ng/20pL 7
S

TE 7 ANA TR RAERINY 3 RS I E K HE SR (Lymnaea stagnalis) . Jiiig
(Helisoma trivolvis) (Kl 6-10)F1fE MR (Physa gyrina), IXEEMEIRPN AT MC-LR )%
(A 6-12) 5P AR A I3 2 5 R (8] 6-1 D)X B E I IEADE, 157K i
f#H) MC-LR & ik, MAl, Lymnaea stagnalis 1 Physa gyrina 1K N )R 5 &
5 Microcystis spp AEIFHEAEYIH BARXT F B HME, T Helisoma trivolvis W%
BLIIN TG B E AR (R 6-4). R, Zurawell ZE(1999)iAH, WAIA M E TR AT
I ER A PR 2R A AE B e E B

[l 6-10  Helisoma trivolvis WK Fr (5| B 22 E A /R Bpii2=Be A % 2 19 Dillon R T Jr 1)
Fig. 6-10 A photo of Helisoma trivolvis (Cited from Dr. Dillon R T Jr, Department of Biology,
College of Charleston, Charleston, SC, USA)
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PR MC-LR % MC-LR in phytoplankton/pg/g
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Fig. 6-11

concentration in phytoplankton (ng/g) and relative Microcystis spp.abundance

(proportion of Microcystis spp. cells from total phytoplankton cells/mL,

expressed as apercentage) in the seven studied lakes
Cited from Zurawell et al.1999)
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Fig. 6-12  Seasonal changes (mid-May through mid-September 1995) of MC-LR concentration
(ng/g) in tissue from resident snail species in the seven study lakes (Cited from Zurawell et al.1999)

ND: non-detectable microcystin concentrations; Ls: Lymnaea stagnalis tissue; Ht: Helisoma trivolvis tissue; Pg: Physa

gyrina tissue; and NC: either no gastropods collected or insufficient amount of tissue collected for MC-LR analysis
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F 6-4 3 MAEHLA T MC-LR 225 FHFEWHAEHH MC-LR, KH K MC-LR 1
MERMNENEEZ BHEXXRNALE, BTHEXSIHEEERE 7 M #AETH
9 RRHEE, FHEIY-XHEEHR(BRRIEREFERREZ-FAIRELRIN)

Table 6-4 Summary of correlation analyses for the tissue concentration of MC-LR in three
species of pulmonate snail (ug/g) versus MC-LR in phytoplankton (ug/g), MC-LR in water
(Mg MC-LReq./L) and relative Microcystis spp. abundance. Correlation analyses were
performed on log-log transformed data (except relative Microcystis spp. abundance, which
was arcsine-square root transformed) from the seven study lakes on nine sampling dates

S B2 A1 MC-LR ~ MC-LR in snail tissue
WVAE TR B -

ESTIE L. & lis HVEIR P. gyri Y2 H. trivolvi:
Measures of lake trophic status KSR L. stagnalis | WEBEER P. gyrina I B H. trivolvis

r P-value  d.f. r P-value  d.f. r P-value  d.f.
TFIFFE YN 1Y MC-LR
MC-LR in phytoplankton

K MC-LR

MC-LR in water
TREEBEA XS 2 2

Relative Microcystis abundance

(51 H Zurawell et al. 1999)(Cited from Zurawell et al. 1999)

+ . HAREBEIRKHIZ Sinotaia histrica
BRI A i vt MC & 5= 28 8h

Ozawa 52003015 T & & HIR/K HIR Sinotaia histrica JFHRIEFZIEH MC
2R 2000 4 7~10 A, EEEBINTFEIAED ISR —BOR E B Microcystis
aeruginosa . Oscillatoria kawamurae Fl Anabaena spiroides), 183, 9 H W FhE
Volvox aureus. VFAEY) . W27 EFIHEEAR H 9 MC F 8 H HPLC e . 455L3%
B, MIHA PR E YR N R R SRR I (10 ), R E R AR T YRR
TR R (R 6-5), RUTFIAEY AN A8 2 3 i 2 AR th BE R B

*6-5 BEBEMHMEE a FEUREFYFEEN MC 2ENTK
Table 6-5 Changes in chlorophyll a, microcystins in seston and snails from Lake Biwa

0.50  0.0004 44 0.37 0.03 29 0.41 0.01 31

0.16 >0.29 44 0.14 0.45 29 0.19 >0.28 31

0.49 0.0007 43 0.47 0.008 29 0.22 >0.22 31

H 1Y Date Chl-a MC/(ng/g DW)? MC/(ug/L)° MC/(ng/g DW)*
RR LR RR LR RR LR

1998-9-7 “ND ND

1999-9-10 HND HND

2000-7-12 HND iND
.70 'ND

2000-7-21 3.01 30.2 21.5 0.276 0.197

2000-8-16 8.79 ND ND ND ND “ND ND
'2.59 'ND

2000-9-18 2.73 ND ND ND ND HTrace iND
10.531 Y429

2000-10-11 9.68 190 93.5 0.286 0.190 H1.66 )54
'12.8 '6.70

ND-MC KAt not detected; a: FHVRIFEMIMRAEMBEISHY SO, T EAY MC WREE; b: BTHBIK P MC
HeE MC concentration per liter of lake water; c: M2{Af) MC & MC concentration in snails;; H: B2 FBER
Hepatopancreas of snail; 1: 2f9i%il Intestine of snail (5] H Ozawa et al. 2003)(Cited from Ozawa et al. 2003)
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N E SR S IR A L rp MC & 2Ry 1Ak

Chen %(2005)F 2003 4F- 6 H % 11 H, W5 T LR E I IR (Bellamya
aeruginosa)£sH41H MC-LR F1 MC-RR & it 210728 (b FIUAE . A 65 PR 1R R
(Viviparidae), J {Z/0 A FIRE WA . W0, WRANGYE S . ARG IR S
IR OLER, PR E R EEER, XTI ESRE R . FHTFERE S
BEIAAER A LU, b2 w B TR E R R IR IR A Bk e I [a]
HL I W 5 K A GO AR R A 2% 0 2 9 (Microcystis - aeruginosa) 1M i £ I 758
(Anabaena spiroides) . T >R 4 #9482 1 7 BE M1 52 i85 23 1l O (13.36+4.87) mm  FlI
(21.64+3.85) mm, RAEMIBEHAERE VKA G M SER 2, FRERR ARSI AT 1l
(B4EH) . JHEBRAR . HEARFIE , BEABASMATCE R &4 HIEER T, Bk
60 MMM B A IE I —ME(R A EEEER 60 N MAMREERER &
), FERERNRE I ABIRIR VKA (-80°C) P #7E . —RHL 0.5 g B iE T IR B
FER TR R R S . BRE S E 3T LC-MS Fl HPLC,

Chen 252005 i1t XF 6 F A4 A IR 10 1 & YA T B sk e B LT 35
TSN, ARSI IR TS . JHBEAR . PERR AN MC-LR A1 MC-RR 7% &
IR AN 6-13 AR . FFBRAR 1 A9 MC 35 (4.14 ng/g DW)E &5 T
11 (1.693ng/g DW)BEPERR(0.715 pg/g DW)EXT ) ¢ #:36:, P<0.05), THALE R
MC Fi SRR MC & A —E MIEANE(=0.64, P=0.171), TJHEERRT
MC i SRR AY MC S U JCA G (r = —0.117, P=0.825). MC-LR/MC-RR 2
HCR PR AGIE . SRR AIPERR T 43 51 0.44 . 0.63 1 0.96.

Chen %5(2005)I\ Ky, T MC FE 0 A7EHERAR . THALERMER, AR
DR ATE B E R, K, ZENZSRAT A RO S B o oA, e A
FRMfEETREARE 2. BE, EREA —FEE N R I8R5 O 4y
BRI KBS LT B, ik, RIEYE MC 153y, B X mhor e ks
PR REA fE RS

Tu. ESK R4 B Sh B MC 9 o

A SR R AR B R AR S A AR P ) MC(H T £ Ot m LIS B3 AY
i (2 6-6), WM\ H A Suwa 1R A 14 [5] THUER I AR 20 e e A4 i HH ) MC-LR
SR HIAT I5 420 ug/g DW H1 297 pg/g DWW, SiEMIH, A SRBIAN MC Ry
B2 TERIRSHYIRN MC RN 57k, L HPLC(UV 5k PDAYR £, Hik
& ELISA F1 PPIA 7, MMPB 7:4%/0,
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-l 1H Digestive tract N3 epatopancreas
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Kl 6-13 1 2003 4 6~11 JI i), HLBISRBEI I LIEA) . AFBRARB) . HEAR(C)FIE (D)
MC-LR 1 MC-RR & ZE 12846 (5] B Chen et al. 1995)
Fig. 6-13 The seasonal changes of MC-LR and MC-RR concentrations (pg/g DW) in (A) digestive
tract, (B) hepatopancreas, (C) gonad and (D) foot of Bellamya aeruginosa in Lake
Chaohu during June and November, 2003 (Cited from Chen et al. 1995)
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FEtE MC EREFEAREMERR

HREER N MC 11 RS2 3 1 TR R BE AN S s R A Sh Y, X PTRE SRR
K NTR D& FRAK AT A . K0 B (Artemia salina)—FE B 10 504,
PR A A T i A Ry S0 AR R 5T MC 4% i 8% (contact toxicity)(Delaney and
Milkins 1995, Metcalf et al. 2002), K%~ (Liras et al. 1998, Vasconcelos et al. 2001)
SRTE MC Sl R 7E IR /KB AT (cray fish) 1A P 1) SRARIT B W) AL 28 B i ) AR I (A
2%), MiFE %2 (Chen and Xie 2005a)| 514 MC 7EIR /KRN ) RGBS E
B AR, RO K P 3 R AR EEE R B Z—

— . MC X s S i R S

KA 7-DRJE TR Y 1T H 5 9988 29 JCH H (Anostraca) < HUR
(Artemiidae) < HUJ& (Artemia) . (4 HEMUA —J&—F. 1< o8 —FpE 20 R Y)
AR 1) SE56 S

B 7-1 A7 IR B (51 F Ghent R b HUSCHRHR L)
Fig. 7-1 Photo of Artemia salina with egg sac (Cited from Artemia

Reference Center, Ghent University)

Delaney #1 Milkins (1995)i£47 7 MC X [ HU¥2 #d(immersion)sZ i Y SE G
MC-LR #24li 5 4 2% iP5 Microcystis aeruginosa Kuetzing emend. Elenkin strain
CCAP 1450/4(53 B B INE KL KM Little Rideau #). #F 5 H i A HURAEA
[F) ¥ (0 pg/mL . 0.5 pg/mL . 2 pg/mL. 10 pg/mL . 20 pg/mL . 40 pg/mL)i MC-LR
VWD, B BROREDAT 8 ANEAE L SERRUEE 30 °C, H72E 24 ho £ 2R W], MC-LR
XF R U 24 h LCso A 3.75 pg/mL. FEIXEE T, #fftE MC-LR B =ik 0.5~40
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mg/L, iX7E AR MK RARMER BN K X R HERAH , MC-LR X i B2
il g A

Metcalf %5 (2002)7E % ik (R B AT, K b 4 R A8 AS [R) kB 1Y
MC-LR & H, k5 24h, 40h, 48h, 64 h F1 72 h i) LCso 5354 4.58 pg/mL .
3.00 pg/mL . 2.80 pg/mL. 1.19 ug/mL F1 0.85 pug/mL.

T A BEIR 2R 5E N S SRR Y SE R ST

FEE/NIEER Pacifastacus leniusculus(Bl 7-2)3J& T H 72 49(Crustacea) 1 /& H
(Decapoda)[€7 7. H (Reptantia){n iFF}(Astacidae) 2 iR VA Cambaridae) . A J& {70
AAEALSEM A ICEPERNE o B 20 2D 60 ARk, %S | ARIRRIN G —
+ 24~ [EZ (Damain et al. 2004),

R 7-2  ZEE/NEYF Pacifastacus leniusculus FIE F (5] H LVVG Leitseite)
Fig. 7-2 A photo of Pacifastacus leniusculus (Cited from LVVG Leitseite)

Liras 45(1998) @1t BFAMAIE N SESS , E9E T AL 65 A S B i) 36 [E /N EF
e 75 55 B A JH 8 1k 9 GG 220K 5 8 —— Vi T B (Osscillatoria sancta) XA 8 (%
MO) A4 ] [ Bl 8 (Planktothrix agardhii) =Xt P. leniusculus 18 2R

A THr 24 HHEVERT 12 HMEVE P. leniusculus IR A 3 LRG3 0 — A JC 5 5
TRAE Je A W SR 58 ) Pl A B B R B ) —A~/ N e R 758 1 I (cray fish pond)H . %3
T v R A b ) RS 220K R S ——I T B K e, a0 R B
(mouse-bioassay) , 1 & 15 1 BB AT R4 o 3l 2L X R FRAE I IE T 1 P. leniusculus
S SRR, RIIEE 13 AR EY, Hrh 32 AMMARE Sy &
AREME TS, (FUEE . TR m S T2 F R E S,

RT FEBEEEEETX P leniusculus 77HEFEW UL NG REGIE P
leniusculus BOFFHRAR P B2FL, 78 10L AOZKIEH (B K GHE IR FE—A4 P.
leniusculus A, FEAWRITRS)HIATT 15 RIFFEILK, P. leniusculus FA5 IR
b —IH 3 MEYERM. © SEAH: AR KB CYA 126+ E RS
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Hifakl(pelleted crayfish food); @ {K#ERALH. ARFRMIFTECER:E Arungen 200983 +%%
WRRBORLAR; @ XFHR . ZEAREORLREL, RN 12 A ER . SRR
13.5°C BRIGHEKGRT, TR ABFE TP RIK e, BRI,

A% HPLC (43 Hr 4t 21, BT FC B CYA 126 357 4 Ff MC, S50 3.6 mg/g
DW, PBifFRHii#% Arungen 200983 1) MC & &/} 0.017 mg/g DWW, i & &1
T, SERGHAE], S P leniusculus TR 7% . IREERIG BEAL 20 B ER T 430 pg
2.4 pg 10 pg 1 MC. 280k 15 RIS, JHIERRAY E P SRR 6.6%) 1845
ACPRIETC . 25 5 s AE s s AVIREEAL B, 3 9 AN 6 AN SR A
LRI N (dark-green spot), T BRZH 1 Fr A MR B IE . Liras 55£(1998)1A
XA SRR 4, WA REICh E R AR TE . fEm R,
i3 HPLC B934T, 78 50% M- MAR BRI rh S 2] MC BIfFA7E. (HAZ, Tt
A EWR T, JokERTH O e S MC e s n A, A REMER &
AR MC &8 . Bk MC 7E P. leniusculus WIRFBEIRPE TR, (BEHEH
BT QB S AR XS P. leniusculus 7745 2 EEEYE, DOAREANSEIR AT, BT A MAHS
R, RS SRR

Liras 5£(1998)IA Ky, Bl FCHi#: A9 MC BETE P. leniusculus BIFFIEARFHFLZE, M
M AE SWEEm AL, BVEEA R I I B K AR R AT, P leniusculus
WA LR e AR BT FCBISEXT P. leniusculus JCRAMEREE

= T FRJE MR MC 45BN B A S B A5

i R JFEEE R (Procambarus clarkii) (K 7-3))& H 5¢49(Crustacea) 1 £ H (Decapoda)
€173 H (Reptantia) Z #FF}(Cambaridae), 2P 5= S E T, JFR 25| F
A HAE I EY), HAiBR KM (Oceania)dh, Frf HiAth KEEIEHAAE, 74
B, 2SR ST 1979 4405 A Alentejo #iIX ) Caia 1], H T TR RE
X IR 55 ) A 1 e 7 B 6t A% 45 K BT B i Az AR AR o, PR S R A A
(Vasconcelos et al. 2001),

Vasconcelos 55 (2001) 4T T v FC JR B MR 45 12 47 55 4 2% T3 € 3% (Microcystis
aeruginosa)le, 5IHLHY MC 1 B RS A 5 0 35 IR R TEBRICE

JIT P S G 7 B LRI 28 1 Miira W JLrp, 530k IZANCY A2 %
7* MC-LR., 1fii IZANCYAG i id 51k 1500 mg/kg 74 /N R AR I0 BliE 5
FICEEK

o, FG SRR AR Gk M3 B 4.8~5.3 em)>k H Frossos iFF 9L . #F 40 5 [G
JEZEHR 3 P 2R (FE2H 20 )0 R FRAEP 25800 30 LAY PVC Aifith, by
— ML HE R RS R VR TR AR, T ) — 2 MR DL TG #E Y T B (V2 VR T
Ry, AR, BRI, KRR BB, BRIR
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MBI 3 A [RREIF TR R o 58 RNER, HMRLUA B e s
T FC RN, A BICEENLA . miE . R R AR A A TR R . &
1 P JE ) SRR, P A R RS TR R (commercial cat food) AR, )R
R RAE, AbFET7ILR b SER I A KR R 15.9~18.4C, HIEHR R
(MC-LR)/3# ] ELISA ¥, REUE N 0.1 ng MC/mL.

f T A LAY TR
1 -'_ ._'_ *y 4

Fl 7-3  SaIRJREIFAYE A (5] A Marc Carriére, http:/www.les-snats.com)
Fig. 7-3 A photo of the crayfish Procambarus clarkii (Cited from Marc
Carriére, http://www.les-snats.com)

7 FCJEECIT 2B MC BIBRE N 2.9 pg/g DWESS 11 K); M4 me i fa i
IZANCYA2 4 iy & MC &0 2.3 mg /g DW., {HAE, $EHUSLEG i) 5 FG 5
EUR T BRI MC & e A RERAE RIS AR K (K] 7-4), Vasconcelos 55(2001)
B AR R B R AR 5. FEISBRSCIR N, MC & RAESS 14 KA —
PRI TRE, 26 17 RXCAEREN EFF, 25 23 K, MC TRERELTF-ICiER
FIK o BRI EE R, A4 B P MC S A i R 5 (53%), Hak AT
JEE R (38%) , WLPA[JE ¥ (abdomen) , 12 A58 & £ FH A9 40 1Hh (0 5 R ARAIK
(<0.1%), TiHAbES E itH 9%, Vasconcelos %5#(2001)iAYy, HFILAFHIER
SRR, WEMAERUL, AR MmN, SR, R R
EAF (IS I B R R ER & dnA-) ikl 8 A T RefE I LR,
Mt — AL B B XA T N, B fER Y
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MC-LR/(ng/g DW)
- &

o
n

(=

BfE]  Time/d

Pl 7-4 FE P (A0 ORI JA] AR B e g B ), o PR A g
MC RIshZ57484k(51 B Vasconcelos et al. 2001)
ik TR F A5 R
Fig. 7-4 Dynamics of MC in the crayfish Procambarus clarkii during a 2-week uptake exposure
and a 2-week depuration period(Cited from Vasconcelos et al. 2001)

Arrow indicates the end of the exposure period

Y. BTN ENR . H AT AR R T G R A R
FHA PR MC B

7510 F ¥R (Palaemon modestus)Fl H ATAYN Macrobrachium nipponensis)(|€l 7-5)
)& T W 72 24X (Crustacea) 1 /£ H (Decapoda) ¥if 7k W. H (Natantia) K & 4 B}
(Palaemonidae). 750l IR A SR 0 A0 X pg Bl Am e, L2 Brpde R, 231
B LTRSS, FERANINA TR RS R R L b HAYRER) T A
TIRE RIS, BRI ARZ PG LR A e A & B(AHESEF 2003), —
Mk, HATBIR S0 RS, DI B R () oK FERsa v 5 AL
P(ONEIRE 1999), 175 00 IR E KUK A3, BRI AE AR A FLEL 8 3504 A oK
AT AT S GO GERE 1995),

Chen il Xie(2005a)F 2003 4F- 6~11 H A5 T HL151 Hp 75 00 (HER A H AT AR 45 Ff
e (H . B . PR LR . BRANEE)H H) MC(MC-RR Hl MC-LR) & it S HiZE
TARE AL SR ) MC 4351 F LC-ESI-MS 1 HPLC-UV BEf &t E R .
BIRE, FmAirs B 2R MC & T HATRER(E 7-6. & 7-7); BAPIRES
B MC S BRI IUA . GRS B &, R
Hriy MC B s i (F5 T8 FTIF 41%, HATRER 41.4%), FLOORPERR . SRRIILAL,
iR /INE 7-1)0 KTHE MC SRMAENE, B S5HBIRGEIEER: - = 048,
P=0.414; HAIBIF. r=-0.159, P= 0.764)5k% 5 SHLAGE EHF: » = —0371,
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P=0.539; HARIF: r=-0297, P =0.568) AKX FTREM T 5 Sy
MC Z RN SRR, WCREERH R A AR | TR LA i S Sk S5 i R )
B S LA GEIRFIEF: # = 0.509, P=0.381; HATEEF: r = 0391, P = 0.443)
WICAH AT BE T LA G 7

ERAR, IR ZERR).

(& 7-5  SLIIRY TS I FLERAH AT ERR I
Fig. 7-5 A photo of the shrimps Palaemon modestus and Macrobrachium

nipponensis in Lake Chaohu

@ 10 B Stomach ® 10
g ’ o e s JF R Hepatopancreas
A 7 LETY [a
w S
E 4 3 4
2 < 3
S QO .
g | = o _
0 0
June July Aug. Sep. Oct. Nov. June July Aug. Sep. Oct. Nov.
© s A 1/ Month ® A1 Month
% 21 PEMR Gonad E 21 WLA Muscle
2.0 2.0
o TS TR 5 s
\3 o no data no data \E‘; 0
@] 05 O os
s . L > o [~
June July Aug. Sep. Oct. Nov. June July Aug. Sep. Oct. Nov.
® H 1 Month i J 15y Month
~ w| §E 2wl EGil
g 25 gg B 25
Q 20 Q 2.0
3 no data no data no data 3
=< 0s < s no data
2 L1 g Llo._.n
June July Aug. Sep. Oct. Nov. June July Aug. Sep. Oct. Nov.
H 1 Month H 13 Month

[ 7-6 2003 4EELIIF I AR E (A) . FHEEIRB) . PER(C) . MLAD). BR(E)FIEE
(F)% MC-LR Fl MC-RR ¥€ ¥ (ng/g DW)HIZET 754K (5] A Chen and Xie 2005a)
Fig. 7-6  The seasonal changes of MC-LR and MC-RR concentrations (pg/g DW) in (A) stomach,
(B) hepatopancreas, (C) gonad, (D) muscle, (E) egg and (F) gill of the shrimp Palaemon modestus
in Lake Chaohu in 2003 (Cited from Chen and Xie 2005a)
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(A) (B)

14 [ & st h 1.21 Jfpff Hepatopancreas
~ 12 omas o RR 10
Z 10 LR Z 08
w8 L 06
26 2
= = 0.4
g 3 € o2 H |_I
2 .
0 0.0 l—l |—|
© June July Aug. Sep. Oct. Nov. o) June July Aug. Sep. Oct. Nov.
H 1y Month i 1y Month
L2 PEpt Gonad 0.35 | {Lp Muscle
S 10 g 030
a 08 a g;g [
o & 0207
2 ¢ 2 o0as}
g 0.4 g 010}
0.2 0.05 |
0.0 rl 0.00 J
June July Aug. Sep. Oct. Nov. June July Aug. Sep. Oct. Nov.
E F
) B Egg H 153 Month ® 1> Month
0.35 0.35[ i Gill
~ 030 ~ 030
2 2 ol
o0 . - ¥ L0 20T N " %
2 015 ToHcl TR JCRR DU B (sl CEdE REE s
S 0.10 nodata nodata nodata no data S 0.10F nodata nodata no data
= 0.05 [ l J l = 005| l l J
0.00 0.00
June July Aug. Sep. Oct. Nov. June July Aug. Sep. Oct. Nov.
H 1/ Month H 15 Month

Bl 7-7 2003 AF L HARIREE (A) . FBRIRB) . PEIR(C). ALA(D). BR(E)FNiEE
(F)H MC-LR Fl MC-RR ¥ ¥ (png/g DW)HZ= 15484k (5] A Chen and Xie 2005a)
Fig. 7-7 The seasonal changes of MC-LR and MC-RR concentrations (pug/g DW) in (A) stomach,
(B) hepatopancreas, (C) gonad, (D) muscle, (E) egg and (F) gill of the freshwater shrimp
Macrobrachium nipponensis in Lake Chaohu in 2003 (Cited from Chen and Xie 2005a)

F5 0 IR E H ASTR IR BB Z 1) MC 158 5 BN EFREBMAR A X, 18
B, PRI (R ) R R, KR @ S A A U
R, WA, 1EMUK KR AT AN IR 3, mi2E iy i A IR L
HATHET ] 3 o AR A RIS AR e VE R 264007, 7500 IR A 81°C (5 5 17 At )
BEIE T HARTHITRAY 8C (5 57K A i S 2T (BRI Y 8N (B LF- B 25 5),
XRH, FHHN TR AT R T B 2 i (R AL 2 1) MC), T H AVRER AT REEE £
AR T /K A = R (LA (1 MC) o X, [l —NRHIAS TR & A 4 mT RE 2
BURFEZKSFR) MC, i, BEHIASEIERG MC 44 R, T —AFhi) 2
FHUA 3 (Chen and Xie 2005a).

A NWZIRH S, (Bl BRE MC i H AR N 8.4%, F5H IR K
29.0%), XM, MBS S S AR R & =0 MC AT RE i35 52 X LE 5 i %
FEAT R BRI ShAS . XL TCEHESI I R Y MC AT RERIRE MC HA 1%
LY AR LR ak, BRI E S — D58 (Chen and Xie  2005a).
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75 W F R A H AR IR ) MC AR &t BT AR CE- Y {E 53 31
4.29 pg/g A1 0.53 pg/g), WA BFFHERRCEIMESFIH 1.17 pg/g 1 0.48 pg/g)
FEH CEIME ST 3 A 2.34 pg/g F10.27 pg/g), 7 FRIREIRPERR H ) MC & 5 35 0.93
ng/e(F 7-2). FEALNBRG e ELIH (1) 4 45 P 2 HR L I8 31 (Chen et al. 2005). MR
H) MC Tk E, 7500 FLERRTH AR IR 508 14.1%81 37.2% ., Fikg5 5=,
TCARE & S 2 AT, IRKICEHESI YA R G40 MC BRUGES 2 %
T B ML, FEFLE T R R HGE MC FEAR R G oK B ESE (Chen
and Xie 2005a),

F7-1 20036 A~11 AffiE, EHPFWANMARBNARRENTFELSREET DL,
AEREMMC EERME B
Table 7-1 Dry weight of the different shrimp organs as a percentage of total weight, MC
contents and percentage of toxins present in the different organs of two freshwater shrimps
collected from Lake Chaohu during June and November 2003

i Speci 4L Ti T DW/% A A

7~ Species e Tissue 5 MClug'e) Toxins" /% Toxins? /%

7510 F14F  Stomach 6.9 4.53 (0~9.83) 322

P. modestus
iR 6.3 4.29 (0.33~8.40) 27.8 41.0
Hepatopancreas
PEBR Gonad 7.9 1.17 (0.03~2.19) 9.6 14.1
5P Egg 8.2 2.34 (0~4.67) 19.7 29.0
LA Muscle 67.4 0.13 (0~0.53) 9.0 13.3
il Gills 3.4 0.51 (0~1.34) 1.8 2.6

H AR IE H Stomach 7.5 2.92 (0~12.42) 54.6

M. nipponensis
SRR 14.2 0.53 (0~1.67) 18.8 41.4
Hepatopancreas
:BR Gonad 14.1 0.48 (0~1.65) 16.9 37.2
9P Egg 5.7 0.27 (0~0.54) 3.8 8.4
WLP Muscle 55.5 0.04 (0~0.14) 5.5 12.2
il Gill 3.0 0.05 (0~0.16) 0.4 0.8

1) fu35H Including stomach; 2) A f13%EH Excluding stomach
(51 H Chen and Xie 2005a) (Cited from Chen and Xie 2005a)

USRI AR A 60 kg, BR300 g SRE, DURTA MR A RE A ) 319%i
it WHO Frgisl i) TDI il AR VE SR TS, TSI IR H AT
KRB MC-LReq -3 H4BEEBUR 15 0.57pg/kg BW Fi1 0.255 pg/kg BW(iH T WHO g
W TDIARMERT 14.2 £5F0 6.4 1) Kt & ARSI AR MC 1534510 rh IRk
(R fE s AN %5 240 (Chen and Xie 2005a), 7 248 H 12, ZEUMLE AN TE &K
P CRERLEERR), Wit MC S REECYILAR 10 £5), RILEEFRKE
H IR (AT RIS AT ARG B8 I 3 &8 PR I RS T DAOGTE  ILAh , E B fR(8
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PG b . oK Wk SR RN R 0 18 5 o 15 Al

®7-2 2003 F6 ANEHMRENEREENSALNTESZEENAS L.
BHATHEES = (Y9 RFTHBIESLE
Table 7-2 MC contents (ug/g) and percentage composition of dry weight and MC
burden in various organs of the crayfish Procambarus clarkii collected from
Lake Chaohu in June 2003

414! Tissues ~ MC-RR  MC-LR MC/(ng/g)  TEDW/%  ## Toxins"/%  #% Toxins”/%

T Stomach 4.18 5.79 9.97 6.7 62.8

J Intestine 0.73 1.52 2.25 2.1 4.8

SRR 0.00 0.08* 0.08* 2.7 0.2 0.7
Hepatopancreas

PR Gonad 0.40 0.53 0.93 28.5 27.5 84.8
JULPY Muscle 0.00 0.05 0.05 53.9 2.8 8.6
8 Gill 0.13 0.14 0.27 6.8 1.9 5.9

1) {3459 Including stomach; 2)ANU3% B Excluding stomach

FZAE AT RERARAG, PUATCRAES] 0.08 ¢ DW FIFBRIRAEE S H TR 047, MiBRIAIEREM 0.2 ¢ DW SF, H
fib BT A ZURE i BT 44 0.5 g *This value might be underestimated because only a pooled hepatopancreas sample of
0.08 g DW was collected for toxin analysis, whereas a 0.5 g DW sample for each of other organs was collected except
intestinal sample (only 0.2 ¢ DW) (5| Chen and Xie 2005a) (Cited from Chen and Xie 2005a)

fi.. Fl MMPB 3401 H BEAE ORI B B 5
FEA A 2P ) MC-LR & i

h T AT MC FEE R N SRS ER B LA & 2 A0 UEDE , Williams 25(1997b)iz FH#
7 i——MMPB(Lemieux %/ fk-GC/MS il % )72 A1 F i A< B -PPase {0 € T #7 4=
AL 52 S8 4198 (< 44 Dungeness Crab, %244 Cancer magister)KPN i) MC-LR 7,
MOMEERAFNEEHAS LA K Cypress 551 Maple 73 B4 feEfa W FE F258) PSR
(dip-nety RAEL T HELNEE , /1nI| I AhEE 5.5 g 1 6.3 g W42 U, I
PR IR T 0 1 2 (PPIA ) 5 MC-LR % ; %5 4N Lemieux £ 4k%:(KMnO4+NalOy)
55 MMPB, i GC/MS KillsE , #EMiTHE MC-LR ()& 5. X R B
HI) MC-LR 25 A e 25 S 22 51 B K (3R 7-3), Williams 45 (1997b) I, XFE
KREFRWLBEHLFE MC-LR &8 JLFAE I &5 & i e e . mT
&, X Maple ¥ AR S BT AR (1 45 A IE AR I, B 4K H-PPase 70175 1) MC-LR
TN 6.27 ng/g HZ, T Lemieux A fb-GC/MS L NIBEA M MC-LR IWAFTE
WA, MEE X EIR P & S B 4 A PRI R
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£ 7-3 H Lemieux E-GC/MS %1 E BB BREHNF AN T BB HL
MC-LR & EMELERAILE
Table 7-3 Comparison of the Lemieux oxidation-GC/MS method and PPase
assay for the analysis of microcystin-LR (MC-LR)
in Dungenese crab larvae"

i Lemieux S fb-GC/MS 721 E 45 5% FA AL -PPase 72 Y 5 45 1
Sample Lemieux oxidation & GC/MS MeOH extraction & PPase assay
result (ug of MC-LR/g tissue) result (ng of MC-LR/g tissue)
Cypress &4/ 84.4 5.52
Cypress Island crab larvae
Maple #5418 nd 6.27
Maple Bay crab larvae

1) IR LR ER 3 MR AYEELSD.; 1) Values are mean = SD obtained from triplicate
calibrations within a representative concentration range. nd &/~ AREKEI H not detectable
(51 H.Williams et al. 1997b) (Cited from Williams et al. 1997b)
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FNE ARI|NFE TR MC EKREY
ERRNZGR A FEE

&5 A1k, KT MC TERA SR N 3l ) 2t BRI 5% 3 B0 i B B
iR MC & ETERN SRR AR, Wk BT U BT
LT Yokoyama FI Park(2003)Lh K2 Ozawa %5(2003), ufi 138 ik i) B4k sh 4 (1% 7k
SRR ) o2 A2 R WRAT HE T R AL, SR T MIC-LR 7EJH i v ) SRR B ALAEE
A2 8l 1% (pharmacokinetics, PK)FFEASME S FBi% MC T BREIE—2 )
JiEnt R, RARASHREE | T BRI T BR SRR Y WA T T ARG . R T R
A B 125 A S EEA BN g2 7

— . BIIEE RIS

BN 127 0E— 1 IR I A] sR E0E TR 254 S H At 2V T (xenobiotics)
TEAR PN B9 IS (absorption) . 43+4ii (distribution) . 1L (metabolism)FIHEH (excretion)
MBI AGEET 2001, XIEZ 2004), ACHFIHRS AR N 259 007 R
(elimination), U J12=AE2 M2 . 23 K dE A S AR 201z W H

L R AF PN FE

TELRB 128, — T 3 Rl 7 2 BB 1R 25 e AR P9 % U i (i
SIATFNERR): © —HEk &M shdioE; @ FHMAEL M 1% ; @) Michaelis-
Menten SR ANZ) J124(0 B2 AN E K 1984, FEET. 2001),

(1) —Z&zh /15 (First-order kinetics)

Y K ZEYTEAR N ) H J& T — 28l I 2 R, RISk FE 1) A8 1k

A 2 B i L (] 8-1):

— % 12

\V/

log C

t t

Bl 8-1 FHM—ahJ1%(5] A Koland 2005)
Fig. 8-1 Zero- and first-order kinetics (Cited from Koland 2005)
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de/dt = —kC (8-1)
Kb CNEIMRIE ;s k —GlRHEG ] 50520 25k I B 8] i
REA
(2) B BhF1%(Zero-order kinetics)
124 e B 1 A A s LS 2 I B TR, SRR B 4 1 2 (R
8-1):
de/dt = -k, (8-2)

AP ko AEFFHRAH R
(3) Michaelis-Menten 3115 (Michaelis-Menten kinetics)

224 v PR A R T L BRI, Ay S RS g BRI ) 3 2 B, MR AR
KA L)L Michaelis-Menten FRU A .

de/dt =~V C/(K+C) (8-3)

A Vi FRFE PR KH R TR Ko FOKRM-M)BEAF L, AR, B
X(8-3)T I, TR (C< K, AN de/di= ~(Via/Km)Co BIH—2%
R R (Ka<<OBF, AKX de/dt = —Vinax, BIEHLRR(E 8-2).

C
log C

t t
F€8-2  Michaelis-Menten 2 J1%(51 1 [T 2001)
Fig. 8-2 Michaelis-Menten kinetics (Cited from Sang 2001)

2. FEBA

TEIm IR0 Ty A rh, i ARMELE 25 AR IO BORE DN , T ATl s
MAE 2SR . T MRIE NI E A HA S Ay, Sk, 7
AT SIEEREAN B, AT I — DD REAR PR [R] I VA0 B A 3 B as P 21
ZUMIGSH (W R 5 A LS B B S IR — D%, PR e
(central compartment), K HAB LM 3% = (LS 88 B A H RN H i =
(peripheral compartment)(4* i 1996)., WURAYINAES pr = Feiz, FFAgTEL
Hett, RO RGE; R 258 mT LUMNAUAA AT 3 gl HE e sl iz, IR o
ARG, BREZBLHEE TIHIRS .

25IHE AR IN 5 )42 B oA, 250 S &R RS B Z R R sh A P4
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FRAY—FI0, WSR2 YiE ARIGIR 5 kR B B0 — 5ot i ML T AL
Esp—Pra, Bl—= B, QRAEIR B ST 2 A — B B A i, )
FEHURINE Z 5 MR 8-3). bR b AR —E0E 1 Fr s iy, (A7E AR i
oA BN B A AR IR R PRAERS R PN 2540 () Ak 3 5 AT — S sl s
At . REZFF A2 FI R DL — SO R SR, s AR
WAL =S s 2 E AR E T 2001),

— %% One compartment model Z =M Two compartment model

T AT e o) T TERFN 53 A0
Before After Before Immediately S
administration administration administration after After distribution
administration equilibrum

Kl 8-3 —= M EHRREREI(5] A Tharp 2003)
Fig. 8-3  Graphic sketches of one compartment model and two-compartment model
(Cited from Tharp 2003)

3. e Bk ) F(— ERA)

WSS 2590 A 253 e AR B A, 45 24 )7 U ds B i 45 25 . il
ALy, VAR . WURRIERIK 45 . 259 MOS0 5 75 & — s )24t
T, R e 5 GRS Y 24 B L o

FEAEFRIK R BRR) AR 25, A2 RS R s ) 3 A o 1] 8-4 S E ik R
YR 245 24 i LR ) — S BRI 24 -Ff 28« i 2430 8 BT st 1] 1T 348 12 S e A (L (RPIEAD)
SRIG TR 2R FE TRV B] by . WEEME Con DA SCAR WS 24 1 119 1 245 V4 J3E - V) iy
LLFIRFL AUC I 25k BEATZE R 3 DNEEIASEL, whZk B EAR R T 254919
Fa i E TR M2 R, AT IR ISGHA 25 v B 5 % rh 25 ik BE AR S .
(B ZE M A ZRARFR AR, AEBSAH 23 T BRAR A 5 LA 0 ) T 2 A 02 T Bk
A, FETHBRAZG P AR D . — HIRICSE R, I 2GR i M 2 i S P gtk ot
RELYHRR 177 (R E T 2001),

A 25 SRR R B8, BT 25 PR A W ORI B 2 AT e A
2R B (R AR AL R ] R N

de/dt = ky(Co—C) (3-4)
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0 Mg 16 24 32 40 48
BsJ ] Time
K 8-4  ARERIKAAI LR 25— BRI ih 2k (51 A & E T 2001)
Fig. 8-4 Plot of drug concentration on a logarithmic scale versus time with an extravascular
(non iv) dosing (Cited from Sang 2001)

X de/de HESYPRESEME R s C oA « ISR ZSWIVR L s Co IS ZI 25 1440)
BAWRIE s ko A — GBSO AR R A ISR LR I 25 0 B2 ] R

C= Co[1-e ™ (8-5)

A T B A B A 2k B Bt TR . C=Coe ™' (ke I— RIS BR R FHO , T
WO BR IR A, 250 HE i Ae A »

de/di=k,[ Coe ™~k Coe ™'
RS -
C= Cokl (ky—ke)[e ™ — e 7] (8-6)

ﬂn% ka>>ke5 IJ_\HJ ka/(ka_ e)ﬁﬂ: 1, ﬁﬁ Cikatﬁ:f‘z,;:, _[J:[:Eﬁ‘, ﬁ(8_6)ﬂﬁ{kﬂq C= CoefketO
%%%Wﬁﬁﬂﬂ'%ﬁﬁ%%ﬁ"]?%%@%?i, Eﬂ%’[ =tmax HTJ' , dC/dtZO; EE;—Et(g_6) ,
ka67 Kalmax _ keketmax: Oo ;k%;q—,:?%

tmax=[In(ko/ ko) ]/ (ka—ke) 8-7)

B2 90 7 3k 81 0 L %) s TR0 A IR I 5 T B R B, T S 7 ek .
S-EAT(8-6), AIFEUEE VRS ;

Cmax = COe_kCtmax (8'8)
4. B R ¥
ZRYIERRENE — B 15 R, RO B i s 32 m] X (8-1) 3%
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IR: defdt = —k,Co LR BE A I B AR AT RSB LT
C=Cype ™ (8-9)

K Co MERFZIZGYIIRIIRIRIE ; C IR ¢ BA25ikiE . hANE-HSE
LETRENTE -

logC=logCy—(k./2.303)/t (8-10)

Pl logC X} ¢ fEE, WIELKMIREE A logCo, FREN k/2.303(8] 8-5). &t Fil 6, )
I E N C F Cy, ARPEA K (8-10):

logCi=logCy—(k./2.303)/t;; logCr=logCo—(k./2.303)/t,

H SRS . £=2.303[(logCi— logCo)(ti—1)]5 24 Co= Ci/2 B, (1—0) BRI 27 R TH Bk
], Lo

t1,=0.693/k,

100

e

2.303

] Time
Pl 8-5 2yl -l M2k 3480 (5] H Koland 2005)
Fig. 8-5 Plot of drug concentration on a logarithmic scale versus time (Cited from Koland 2005)
5. R 25k E

(1) FBkEERAETREMARE
PUERE R Ro(UN mg/m)VEEF K TE, 7ERZ] ¢, NSRS Ve C). XA
A, A TR S T BRI R AN A

Ro=k. Vg Cys (8-11)

A Vo WRMDM B Coo MRS MARIE . WY EORIKE C T4

Ro=CL Ci (8-12)
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K. CL A EIERRE,

(BRI 2GR Y TETERT, RN ZYY); MEEMEN T, RN
F 25k B X e s i s WEA RN 25/ pasiin, 299 AR s B, (B4R N
i e — e RS, 259 RN AT BRI E A ST AR, RN 2y
FriEE, M2 AR L, Ui A 025 R BERR AR M 25 R BE S PR B Co(3F
H1996),

TR ML E Co=Ro/CL, BRI 245 46 FE i AT BR R fr e o e
TR A RAE R, 3 BT PR R TR BV B AR A 58 KRR I A s
(LR, T BRI P TIHBR R 2L koo PTLAUERH, FRDKIE IR, 7F
A T) ¢ B 00 245 9 B TR BN RR S R 1 43 0 (fee) 5 Ro TEK

fis=1—c (8-13)

RIS M2 W B Y “ BEIEH” (plateau principle)(ZEE T 2001), & 8-6 Jy—7Fh
5L 4 FPAS[R] ARG 1 B Ik B AR S M 25 MR B, ml DL AR vk B 1) i AR 1
B R, (HIR R B A A ] S SR Ie e, MRS kA K.

.........

it 112 E A$a] Time

P 8-6  LAAN[R] A< 7 4 11 249 - (A Rk TV Ros>Ros>Roy>Roy, TSR EE Y
R T A, (IR B AN 18] 5 5 s A T0 G X R T k)(5 1 A Koland 2005)
Fig. 8-6 Cartesian plot of plasma drug concentration versus time with different rates of constant i.v.
infusion (Ros>Ro3>Rox>Ro1)- Ry changes C but not rate of approach to steady state
(this determined by k.)(Cited from Koland 2005)

KR ke=0.693/t1,, FRAZ(8-13)FIRAFIEF] 50% . 90% . 95% . 99% )% 99.9%
PP B Fr S (R T) 23590 1. 3.32. 432, 6.64 Fll 10 B3 WI(110). — B4 -
O, 24 3 B2 T B PR i IOk A 1 S AR st ) 3 A R (8 8-7)
(2) BRAEHERENARE

REBYER TG — BT PR R ZIRG A BRI B IRIT T 2. 5 — R4
A, ZRGOA—RRGSRE, BIZERT— R I8 250 AER Y i R 58 T8 BRI,
BRI 25 2h, UM 259 P I S A E AR LU AT — & . B T2 0 Bk 32
SRNZgEmRIE L, FERNZ RN —RET R, HEBREE AW, SFEbk
TE—E, e — SRR, RS 25 BRI BR 0 25 i IR 455 T4 20 i,
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{1 HE

I' i
vty
! 1

1
THiRTE [RFH] Time

Pl 8-7 bkl i v i SR A M 4 2 5 A 2k - ) /T 2851 ) Koland 2005)
Fig. 8-7 Cartesian plot of plasma drug concentration versus time with constant i.v. infusion or
periodic dosing (Cited from Koland 2005)

UEBS RIE AR RAS, DU BRI 45 24 ) 04 B e I 25V B 5 1 IR 45 24 i 1) e 24
WA I N RS (S 1996).

KT AR S S Z IR A ARSI IX BIFE T . iTE R EE— /K BT
BB HE— DU, JFE R — BN, It i S S5k
RS IE Z 7 (K 8-8).

() _ s
Cmax - Cmax

() _ ss
C‘min - Cmin

At ifA] Time

K 8-8 [ Z WA 25k - R] 12651 A Koland 2005)
Fig. 8-8 Cartesian plot of plasma drug concentration versus time with multiple dosing
(Cited from Koland 2005)

= MC TEK A SR 13 ) 5

XTI 25308 122t o % B AR e, O AR,
T By SRR A S A S, I TR 5¢ MC A3 HE
AR AR AR K

ML) 1~ # W5 B BAR G M2 BE, K A= S M AR R B TR] - %
BARAF IR A S AR S | SRR AE), MORBFTEIAE, TRAE S22 Fa B (LA
JIFBRRR B 22) s TN H RSB SF K A B, R LIRS, SO & Fh e e
AIBIESE . T MC B2 B 0 IR (0 SR AR (IR L 6 | BRS%), 1K A= 30
LA 9 AATTRY F2 2B B AL, 324 Dy 1 B U HE O B ) FIATL Y S X 52
2.
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1. MC 72K & 30 4 i 1 20 77 22 32 72 0 o O BB 5%

Yokoyama FlI Park(2003)7E % NSRS 451 T, ik ) (B TOU B iz S $5 WA #56k
FEREAML, BFSE T MC-LR 7EJFFBRAR A ) EARRIE BRI . AE], Tobmm K4k
ME—yx, KA MC-LR B8 h(27+4.27) ug/L (15°C)FI(50+7.52) pg/L(25°C).
A1 E MC-LR T BRIETE— 8 1240 A8, EIRAGSE T MC-LR 7EuF g
RIS B3k R 23 RO P DI (3 8-1) TH BRI AT B ke BESZISIRLEE I E b mis i, i
T £ DO B S B0IR FE 1_E T AR

% 8-1 MC-LR 7£ B TRk BT IR o B IR HO BN h 5 8

Table 8-1 Kinetic coefficients for the depuration experiments of MC-LR in the
hepatopancreas of the bivalve Unio douglasiae

i Temperature 15C 25C
P2 & R Toxin in food/(pg MC-LR/L) 274427 5047.52
FTaZSHRJE Steady state concentration/(ug MC-LR/g DW) 13011 250440
THER A 41 Depuration rate constant k./day 0.142 (0.044)* 0.26 (0.046)**
H 1225 Biological half-time ¢, (day) 4.9 3.1

A3 23X Correlation coefficient (%) 0.39% 0.67%%*

* P<0.01; ** P<0.001(5| H Yokoyama and Park 2003)(Cited from Yokoyama and Park 2003)

250 FEHUY] Uptake period | B3 Depuration period
15C
200 F
3
[a)]
)
= 150 F
2
&
o 100
=
+
50
0 ' L ' 1 1
0 5 10 15 20 25 30

i) Time/d

&1 8-9 £ ISCHISMT, BITRERIEFPEARXT MC-LR /Y& EFIEIRAE, AR 15 R
FEA MR, REEE 15 KB EILES (51 H Yokoyama and Park 2003)
T BREFIR 3 ARG ; R ELFIRA L MC-LR e/ ME AR K AH
Fig. 8-9 Uptake and depuration of MC-LR in the hepatopancreas of Unio douglasiae ingesting toxic
Microcystis cells for the 15-day uptake experiment at 15°C. In the following 15-day depuration
experiment (15°C), bivalves fed nontoxic diatom (Cited from Yokoyama and Park 2003)

Solid circles represent the average of three samples and vertical bars indicate

maximum and minimum concentrations of MC-LR in the tissue
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Yokoyama F1 Park(2003)iAA H T 71X S5 56 R R B KA T— IR, TANAF
G RS, AT IARAG SRR T AL ko (HR, QR — T 8-8 Al
Kl 8-9, NIAXMERH, MC-LR £ R TR AT BRAR - W ATE bR sl 112, SRk
AL B SO P 2 24 0 1% 24 -t )l s AR A AR . PR T AT DA
TEIZIZH T, MC-LR 7RSI AR H A R GBI — 2 sh 12 e MC-LR 1)
Fa TSR (C)TE 25°C 20 130 pug/g DW, TE 15°C#4)N 250 ug/g DW., 7EiZS28 4,
TR, Ft CMZESTRES — B A LR,

2. HIANFLHMHEHE

Yokoyama Fil Park(2003) YK E4T T MC TE/KA SR 25408 2280004
B, A4, Ozawa Z5(2003)7E 19CHYIREESIE T, A% T MC-LR 7541 HIR Sinotaia
histrica JFRREH O TH BRI BRI, 4351 0.0828 KA 8.4 K, L5 BITHEREE
AHEE, A HIZATE RS B, R IR K VBRI AR I A FH AR
JEERR T MC-LR % i (Co) b 384 pg/g DMARSEZ Izl J127 A R 8515 (K 5-18).

Ozawa %5(2003) i X HUA T H A T MC-LR (WISl 130 f2 . C=118.32
In () + 64.097; WX —AX, MEREER, FFEERT Y MC-LR (& & C
W TORRIE R . ARBAR, A HIEFEERE ) MC-LR K (8.4 X),
HRAE A 3K(8-13)5345F 15 RAYFEIUE IR B T RSk B (PR B 70%

SR, BRILZ AN AT BRI ATT . MC Z510ah 112380, HEERE EIE
ARG (FR 8-2 FIFR 8-3). A LLRFFTAUMITY T WG AR, 76 M A 2%
BWERET, AR MC-LR (ISR bR — % 8h J1 2 B, a1
P RR A . R 2(8-13), Wl 3 101 5 T 2 sE AR 45, AT
RIRAREBR

% 8-2 MC-LR TE/K &SN ME NIBER LI zh 1E S8

Table 8-2 Kinetic coefficients for uptake experiments of MC in aquatic animals

PRI Ry FRAWREE o WRUEIEW 1y B Tem.

25 Species 4 Organ 3CHik Reference

/(ug/L) /(ng/g DW) /d /C

WFE 2 Bivalves
G 28.32 (£13.67) ~9.5 ~5 16 WB Vasconcelos
Mytilus galloprovincialis (MC-LR) 1995
B 11.78 ~10.8 ~25 12 WB  Piresetal.
Dreissena polymorpha ~ (MC-LR) 2004
Te ki 40~60 (MC) ~68 ~3 20 WB Eriksson et
Anodonta cygnea al.1989
(B THU ke 27+4.27 130+11 15 HP Yokoyama
Unio douglasiae (MC-LR) and Park 2003

50+7.52 25040 25 HP

(MC-LR)

WB: #%{k whole body; HP: JFifii hepatopancreas
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% 8-3 MC-LR ZE/KESME N BRI NFESH

Table 8-3 Kinetic coefficients for elimination experiments of MC in aquatic animals

Co R 1, W Tem.
Fh2 Species ke #%E Organ  SCHk Reference
/(ng/g DW) /d /C
W5 Bivalves
TRk 130411 0.142 49 15 HP Yokoyama and
Unio douglasiae (MC-LR) (0.044)* Park 2003
250440 0.26 3.1 25 HP
(MC-LR) (0.046)**
JEtk it Anodonta ~4.9* nd ~55 20 VM Prepas et
grandis simpsoniana (MC-LR) al.1997
~2.7 nd ~4 20 Muscle
(MC-LR)
~2.1% nd ~2.5 20 Gill
(MC-LR)
PRSI 6.2 nd ~2.5 12 WB Pires et al.
Dreissena polymorpha ~ (MC-LR) 2004
2 snail
1 HZ 384 0.0828 8.4 19 HP Ozawa et al.
Sinotaia histrica (MC-LR) 2003

# P<0.01, »* P<0.001; WB: #£{K whole body; HP: JIF#iliit hepatopancreas, VM: PIIEH] visceral mass; muscle:
WUA; gill: 8 nd: JCEE no data
# ARSI TIREE A 0.15 (Quinn et al. 2004) Assuming a dry to wet weight ratio of 0.15 for mussels (Quinn et al. 2004)

fan, MAEE 5-7 15308 8-10, AR EETE 16 CRRBE AT, %0
RPN EAR)MC-LR 1 Cy= 9.5 pg/g Ml t1p~ 5 K.

10 1
o s -
=)
Q{) T —
=
3 t
5o
o
E |ml
T A

1 23456 7 8 910111213141516
IfE]  Time/d

P 8-10 7 16 Kkt , SEMa DA (1K) MC-LR & (ug/g) 07221k
(B H Vasconcelos 1995)
Fig. 8-10 Uptake of MC-LR (ug/g) in the mussels (whole body) during the
16-day experiment (Modified from Vasconcelos 1995)
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FENE KEHWER MC £ ERY—REX

20 AL R, ATERIALEAYLEY (A DDT F1 PCB)5% WIREEH
SNBSS EYA T, Il Y N e A BTSN EAE P = S
AN, BTG RS2 0E . AIUEEWEEDIAN R Rl
FEAFEWAE: O KR, KSEWERZ BN EESE; © WEYSENES:
TR AR . — 8 AR W) 4 (bioconcentration ) i A= WA /K Wi R KB HLAL &9
IFL B FE , AWk 4 A1 (bioconcentration factor, BCF)¥g 1k & W #E L Wi ih itk
BE KA R BE 22 L o A=A N A5 e B 1 e 2 R R P 3 o g 3 o ) 3
SRR R A WK (biomagnification), A= #Ji K Al F-(biomagnification factor, BMF)
FEWEE bR E RS AE G vk B S LB Y e A W 0 B I EU (B
(Schwarzenbach et al. 2003), 4 BCF = BMF >1 i}, ZEWEZILSYEIHR
AT T AR S 4 BCF 5 BMF LRI JELL 100, FH -5 E X3RN .
i T AE ARG LAY F B R AR S, nIXF BCF HA Pk
WIZEIEY) & i iRk

IS A LTS Gy aT DU A P (AN ) . e A R IR SR AR A
IKAESIIRIN P8 0 s A TR B 43 N Bl AR N R 25 BB, B s iR N
A B A LRI S 4L, Tsh P4 Fhas B AL SO0 A0 5 P i SRR B
TAZAAWAE MR b B BE LA K sy a B FRZH 02 AR 5 W i S A FA G AR AR
F(F A 2004),

— MC ZEAUKAESIIA N B 2w

HANTAEBMANIGEYAR, MC RIE TS A a k., Wi —
FhRARBER . BN R A 0 TR KRS, Mk, Bk MC ]
DL T 7K B MO o S5 A(sl)ii ) 5 MC 1A # Bl a5 ) e ik
ANIKEEBIMAN

MC L= R T REXS MC i AK A S iR N s A B8 m . Bk
MC-LR 1 log Py, Fifi pH #9_FFHHBUR KA TR, (HEEAS pH Y A (E 31K -
2 pH M 1 FTFE] 10 B}, log Pow M 2.18 FFEFI-1.76(F 1-6), H1T MC-LR f4
log Poy (EAKLA . MC-LR A AHR 53— Jo f 5 K (PRI i BEL L 3 ok 440 P e ) e sl ™
i), MC-LR @98 sy Sl e AR S rT e H oA B, % 2 b
PRI B 038 2 A B HE A S (De Maagd et al. 1999).
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1. &k E MC 751 89 30 4 iz i 52

ARSI ERAE R LR MC i, AR AR A8 5t Prepas
(199 EKIGFA TR I AR ik 51~55 ng/L i) MC-LR T3E 0k (Anodonta grandis
simpsonian), 3 KJ5, JTCHEFANE MC-LR 5K F KM FR{E (ng/g), FH 55
TrE AR MC-LR B9/t A GE 2 MC-LR ZESEAR Y 2L, 1 24 A A PR JC 14 1
BT oA FERABK PRI MC-LR <4 pg/L), 10 4 RIEKNHEY
MC-LR g ik 2 Al K5l (7K F-(13~21 ng/g).

IR, EWAT, MAM MC S — B TN MC &4, BlinTE Suwa
8, HAME MC A3 R MC 55 2%(Yokoyama and Park 2002). [HlItt, %@tk
(1) MC i AMGFAR S 7K A= S AR AT s sk s /)

2. BB R M AT AR e M SR

TEHMOBFR BRI, ARSI AR S (A N 1 MC 5 S AR AE K i
MC & ICH XN, Yokoyama I Park(2002)4%i8, 75 H A Suwa #, [B TRk AT
JE IR R MC & i S OR R I Y (SS) I MC(ng/g) & A 1R I 1 A 6 1k
(R*=0.72)(18 6-6), i SGIAMAEWIK I MC &5 (ug/L) CAH (R =0.01), flifi]
HEM, MC ] REARMER 2L 7K A4 S ) | B (epithelia)FL R, W5ZEXT MC BYFLET]
A 2 1 11 s A T AS 3 e i (il ) MK BB, Zurawell Z5(1999)81F5E 1/
R T A 3 MR MC St ZBURIARN K MC-LR 195 25 77 i
FPIN MC &35 B MRS, T S5K P f#Y MC-LR SEJEG. 5K,
— kUL, AT A MC W SR TP, ATREE AR T Ak MC %2
PR

AR, MC-LR X} H 723l (4n pa H0) 42 fish 5827 (contact toxicity)fR Ik . Delaney
A1 Milkins (1995)7F 30°CHIIRBEZ51F T, 200l i &) IR I ZEVR R 0 pg/mL
0.5 ug/mL. 2 pg/mL. 10 pg/mL. 20 pg/mL. 40 pg/mL IR HERHER T,
533 MC-LR %} pd #1145 24 h LCso M 3.75 pg/mL. 1EIZS2 4, WM MC-LR ¥
FERIE 0.5~40 mg/L, XAE H R MK FRRMER B H7KF-. Metcalf 55(2002)
FEEIAAET, B R ORI AE A PSR R B2 () MC-LR W, 3Kk45% 24 hy
40h, 48h, 64 h Fll 72 h ) LCso 535K 4.58 ug/mL ., 3.00 ug/mL ., 2.80 pug/mL .
1.19 pg/mL F1 0.85 pg/mL . X LEAFFTEE R FH], MC-LR X i B 2 il 5 ARG,
X AT AE LAl RE R R, K Rt MC AR M o 40 W sh b BIEE A 1 4l
(NA

Tencalla %5 (199441, FEKERH, FFHKP T 8~16 mg HHLR BB
ST 8 JC 7 AR, 0 FH 1440 mg/kg BW 44 2 S0 i e iy (R 24 T 6.6 mg MC/kg
BW)IEMLET, ATHSTE 96 h NAET . Kk, Tk, ATEEXT MC AgHE I 3= 220
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b
. MC fE/R A Sh s B 9 o A LA

JHF IR/ IR MC (W B 1, PRI S8 MC B R e ai
— o AFETCHHESNPI(EE . 1R | SRR 2R MC 53K MC Z H(Hme/ Tine)
FHHHERE (40%0~55.4%), & DmC/Hmc(/éﬂaLa‘ SR MC Z ). D ALIHE
MC E i i KAL) Al Hinax (AR MC B i i KB R SR K (4311 0.18~5.50 pg/g
DW. 0.38~20.65 pg/g DW F1 1.67~38.48 ng/g DW), AFEHIR S5IAE 2 i 72s ik
TRK(2.9%~14.2%)(F% 9-1). XKW, AFETCHEHESN DI BREH 1 MC 757 (burden)
TR, RAEER A, A | SR BR 8l ) SR T A AR
K 2% 5%(Chen and Xie 2006). T EH Y MC Ffar 51 HICEHESI I, 191
n, 7EE, 7 PR 2RRA MC HEA MC B H B 1.2%~15.9%(F
174 9.6%), T AILPA R LI H P28 03 il Rk 48.7% 11 39.9% (3K 9-2).

RO1 BFMITEMEINWIHNE, FFERBRMEEAD MC BTEHIRE (S A Dnes Hme 1 Tme
FR)(uglg DW)BIEE B Ht T Tw S BI R RAT RIS E R FEE, Drex F
Hmax 9351 3R "R B /LB FIRTRR AR MC B9 & K {E(ug/g DW)
Table 9-1 A comparison of the mean MC content (ug/g DW) in the digestive tract (Dmc),
hepatopancreas (Hmc) and total body (Twmc) in various aquatic invertebrates. Hyt
and Tw denote dry weights of hepatopancreas and total body, respectively;
and Dmax and Hmax denote maximum MC contents (ug/g DW) in the
digestive tracts and the hepatopancreas, respectively

HES Pk PHERE D/H. Hine Hund Toe*  Hua/ Tut* 3Tk

Species BL/mm BW/g (Drmax) (Hrnax) /% 1% Reference
MW %k Bivalves
YL Corbicula 21+1.0 7.142.1 0.18(0.38)  1.07(4.37) 422 6.3 fChen and
Sfluminea Xie 2006
IR T 0 100+6.5 59.6+7.3  0.22(2.52) 4.25(13.23) 488 6.1 fChen and
Lamprotula leai Xie 2005 b
=AW Hyriopsis  190£12.4  89.3+12.5  1.12(20.65) 3.42(12.5) 554 8.3 fChen and
cumingii Xie 2005 b
WEOERE Cristaria 240135 114.9427.8 0.29(5.64)  5.79(38.48) 53.9 2.9 fChen and
plicata Xie 2005 b
BT 130+8.4 774+13.9 1.41(7.88)  1.54(5.96) 455 5.1 Chen and
Anodonta woodiana Xie 2005 b
TAGEE *Anodonta 9020 — — 130 40.0° 3.5° *Eriksson et
cygnea al. 1989
[FITREREE *Unio — — 0.48(1.31) 2.72 — — *Watanabe et
douglasiae al. 1997
#2 Snails
IR 21.6+3.9 434056  0.41(4.54) 4.14(7.42) 46.7 7.0 Chen et al.

2005;
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gk

LEN Tk CFERE DydH Hie Hine/ Tne*  Hy/ Tr* ik

Species BL/mm BW/g (Drnax) (Hmax) 1% 1% Reference
Bellamya unpublished
aeruginosa data
A1 HIZ Sinotaia — — 14.0 05332 — — TOzawa et al.
histrica (19.5) 2003
R Shrimps
FWHVUF Palaemon  64.0+4.5 474063  1.06 429(8.40) 41.0 6.3 Chen and
modestus (9.83) Xie 2005a
HATRUR 66.5+3.5 5.840.68 5.50 0.53(1.67) 414 14.2 fChen and
Macrobrachium (12.42) Xie 2005a
nipponensis

* NuTERIE excluding intestine; THEF/MIFSY field study; #SZEEMF5T laboratory experiment; a flETH{LIA
including digestive tract; b & T—™¥#h only one sample was measured; —Jo4i#ii no data
(& A Chen and Xie 2006)(Modified from Chen and Xie 2006)

®9-2 Eif7WHEEZFZEPHN MCRR+IR)ZSEMENLL
Table 9-2 Percentage composition of MC (RR+LR) amount in various organs
of 8 fishes from Lake Chaohu

Fi Species MKE' JILPA 'H?HPF . I 1R Hﬁi
Body weight/g  Muscle /%  Liver /% _ Kidney /%  Blood/% Bile/%

fift. Hypophthalmichthys molitrix 950 72.8 5.5 34 18.3 0.0
fify Parabramis pekinensis 470 36.2 6.2 0.8 56.7 0.0
il Carassius auratus 88.1 40.5 1.2 0.44 57.7 0.0
i Cyprinus carpio 725 355 11.4 4.2 48.9 0.0
HRh Pseudobagrus fulvidraco 75 48.0 15.3 — 36.7 0.0
LLIBIF Culter erythropterus 105 384 12.0 L5 48.1 0.0
AW | Culter ilishaeformis 650 69.8 15.9 1.2 13.0 0.0
-4 Mean 437.6 48.7 9.6 1.9 39.9 0.0

(51 BTG A & 2 9Tk (Cited from unpublished data of Xie LQ)
=, kN MC SR MC SRR

BIER K, BYE MC HEAKRASIIR N T sk tie . (B, frdr e
HMC SRS KASIIRN MC SRICR, —HREIMIRERZ—. BT
YR N R R E BOREZ M B 5, WERBEEE K IRl YIIR N MC &Y
PR MC FiSCER, TERUS TN 4 HAT 2R o H i T o it il
W2, V2B B E HAE PR MC &, SRR MC & &
P

A TR BIRE S R MC R E2AE, I BRI S a8 MC &
MRREZ s RIS, TREM TRESIRXER BN, AN T Sh iR (e
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PP MC & i X 150 T PEIIIT . — T TEK A S /IR R 5 T Al
HMC ERBIAHICCR ; 73— BP50KAE ST BRSO ARSI 5 I A
PIMIN MC SRR R 1AL, TS MC RUEEERE, LA
FEMEMHASE, —HZBRRRWEFZMRENERZ—,

1 i MC & 5 TR+ MC & BB XX R

TEEM, BB IR(Bellamya aeruginosa)HALIE HHY MC 5 IR A9 MC
B RAFAE—ERIEA (- = 0.64, P =0.173)(Chen et al. 2005).

M FEIEEE L0,  H AIB AN (Macrobrachium  nipponensis) #1751l [15F (Palaemon
modestus) '8 Y MC 5 HFFBEAR H ) MC & &5 22 [B1 51 JEAH 26 (Chen and Xie 2005a).

TETIAMFEEE | 4 FEFE(S A JCA I Anodonta woodiana, — AN Hyriopsis
cumingii, FABCGERE Cristaria plicata T TEINE: Lamprotula leai)HALIE ) MC
S IFFIBERR ¥ MC 5tk 22 [B)AAAE 2 35 (9 TE AR DG (r=0.75~0.97, P<0.05), BRTIRTIE
BERTHAE th ) MC 5 H N IE R (visceral mass)i MC A {22 YA G (=0.86) b,
4 FPESEIE AL IE T MC S5ILMES B (RNERET | 68 2 S IALT 5 g MC B0
FAAEAE(Chen et al. 2005).

1M [RIREAE MARREGRTES | 1 €61 (Aristichthys nobilis)ifiE TH ) MC 5 HAbZS B A2
ZLOHFINE BRI IR S R ILIA ) TR Y MC 5 Z A 34T 2 25 A G (Chen
et al. 2006),

REAR, KAWL E  MC &5 5 E/FBAR T MC SRZE PR T
EIRZRE, ARNRE, AR SYEES R MC R RE 2 2E 2
R, filhn, WA EYRERREE . B0 7 B S (Chen et al. 2005), X
wn, —LeZ Y ARSI RN TRES T 0%, & B S T o RIMECR B 2 48
DrlRVE) o MAh, —LEMRE (A 55 P M) RIS (I H AV AR AN 75 T 1) 14 iy 1
W3 2F 40, I REE s s d st v i H B AT REAE K

Y AR BE P 52 2 M mT DA 2o LA T A TE AN [RIR A7 1) 22 57K AR . Chen 55
(2006)f 55 T KRR il fa 7B £ Be (R . Th iR a S h MC &
(ug/g DW)RYZAEAL LA, RBLET I Y 16.57)<F i CEY 41.57)<J5 I (CF-13
124.65), Wl RUl, MC & bl &) ET % 2 5 i B Ak 72 vh S R g
IN(AEZETS 7.5 52 %), HEW AT ReA PIAP R S8 T X Fh 22 R b8l H—, R

e 2R A R GEL S5 A B2 AT AL BT AR B — R e s L, o
MG RIS, NI, 1EJ5 R A R SSF I E A, A
1M BAR R Y MC 55

W S R RE ) MC Tt E R 225 Sl RTaRE . T RERN S I RE )
SHY MC 4300 0.18 pg/g DW . 1.22 pg/g DW #10.31 pg/g DW, 2351 A
MRS MC S 1.1% . 2.9%7F1 0.25%(Chen et al. 2006), A AHEN, UHEAIX
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OIS I RE 25 BE SRR AR B (A2 Bk s S AR, el B T
TREIEA T, AT B B 0 ik 25 BOs , BrBU A 1) MC &t 2 I
HEAh,  WSRIEF S E AR A AN S5 R . HANTR AR RN T ol 1 4T), B
YA, Was e EnE R MC S ik, XL nl fER- S UM R MC &
YR AIPBRIMC F A R AT E R N 2 —

2. Bt fa N MC & & 5 51 ik A MC & B By 1K X &

TEINERE 7 A W1A, 3 FE(Lymnaea stagnalis .Helisoma trivolvis Fl Physa
gyrina)/R N CEEIA) Y MC-LR it 5 IRIHEYIM N MC %t (B3 2 XP 84t
B REIEMSE, HAo L. stagnalis 1 P. gyrina KN MC &5 & BE 200 X 8%
)30 5 Tl SR AE PR AR b AR X T BE RO 280 S T 5% A B 4 ) 1 35 0 O
(Zurawellet al. 1999),

TEHAR Suwa 1, 3 PiifE——F A Anodonta woodiana . ¥E85EF
Cristaria plicata TR THEREE Unio douglasiae FFEARH A9 MC i KIES BN
12.6 pg/g DW ., 297 pg/g DW 1 420 pg/g DW, Hir & i i i 18 To Bk b 1T g i v
) MC &5 SS il MC & A B A EE(R*=0.72)(Yokoyama and Park
2002).

TEEPE Y Sepetiba &1, 2L % Akt (Tilapia rendalld) JLIAHH MC 527
FREY MC Z [AfE7E B 2 U AH e (7=0.96, P<0.05)(Magalhaes et al. 2003).

MIXEEZE AT LIE Y, TRIFE 20 MC 5 it S iR JFEAR . LY %
BB MC & — A BRI R

3. FFAE/RFRERR 5 LA F 89 MC & E X X &

FERIAMERE, STt e MC SUUATR MC & &4 B2 A
(r=0.94, P<0.01), JFHEFIALAH MC 9435 5 5535100 0.374 ng/g DW F10.124
ug/g DW, (Chen et al. 2006),

e N —tgh i, JeP B AL (Oreochromis niloticus) FFEF R MC 5 LA
) MC 55 A 2 {2 3 (= 0.96)(Mohamed et al. 2003).

P MC FEEF AP AN S B K AR s A P i A ) 2R

F TP/ MC 2 BRI FH AR R, DUT E25 B+ MC 1efit
HIE/ITFIBE IR P B A2 ) R FUERE RN S I7E A AR AR sl e 26 A F S B R i i
ORI/ PR B MC i, SRR ) R i B T B

KA B i R K AR SR I MC Y B BRI AR IR, g ek sl
W B MK A 8 1) A 7 1 1 PPl R B BRI MC BRI A B Y B kb
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FLISL, MGERANMMEIL S UE sy, WEEMLT BRI ITE UKL, U8
BRI EY(EEOR B . FirshY) . APIREESE), IR e 3
wEY. skateads, ik, Sl EELURIRRRSEON . IR EY 320k A
K RS PRE TS T A AR AE I (R Z DT P B | A PR D 4E)
BEAAR A E A A A MC & IR R Y MC &5 DR 2 AR R 22 .

1. LK

TEENER T, fE—@ MR RET, RRASFDA— 2 A4 M i 3% e — B
B , HAE AR TR i MC RS S EYh ey MC &8 2 UE . X AP 5TiE
WAEAR S A MC £ A TE L F 751 7(Y okoyama and Park 2003, Ozawa et al. 2003,
Xie et al. 2004), A3 RFFENELEE TARMRA BRI B (Amorim 1997).

(1) BRRESKATERAF

Yokoyama Fl Park(2003)7E IR 25 F(15°C . 25°C)F, ) [ TRk EFH LA
BEOEE, AR R E 430k 14.5 mg DW/L 1 15.0 mg DW/L, “F1y
MC-LR #7351 0 (27+4.27) pug/L FI(50+7.52) pg/L. Kk, AIHEEAEZ S+,
I A TSR I P MC-LR 3 &5 2 20°8 1.86 mg/g DW F1 3.33 mg/g DW.,
A TS50 Hp (B TR A AR H MC-LR AR IREETE 25°C 290 0.13 mg/g DW,
FE 15°C20 0.25 mg/g DW, RIS RIE L0 PP REE &0 T, TRk
BERFBRAE XS MC A S50 51 R BT 3R A i B 4N MC-LR & &1 6.98% 1
7.51%.,

Ozawa % (2003)7E 19°CATIRBESMET, 1047 HIR Sinotaia histrica $EWEHT fif
A FEE e, AR TP MC-LR % 49(20.146.1) ug/L. o FAbAIEA LA
AP R IR PRI TC A 5 B R B AN L P MC-LR 1 F-1y
i, B Yokoyama Fl Park(2003)SZ 55 Fh I FIE B 45 F(15°C . 25°C) FIlde i
LN MC-LR & {E(2.60 mg/g DW), FHARHEERATEENR H MC-LR HIFEZSH
J£(0.384 mg/g DW)(55/\E), W S. histrica FFBEIREAT MC-LR () 2Rk Tk
ME PR AN P MC-LR &1 14.8% .

(2) #{k

Pires 55(2004)7F 12°CHYMREE SRS, 1 BESUERMEA BEigese, AR 1
B MC-LR ¥R 11.78 pg/L, HRMRIEBESEAMAEAN MC-LR & &0 3.13 mg/g
DW. FHRIEBESUHEIRN MC-LR EASIREE(0.011 mg/g DW), R HBEEUE%
A% MC-LR FFH 80 T4 M i e 40 i )y MC-LR % 519 0.35% .

(3) Hft

Amorim I Vasconcelos (1999, HIAZhHIXT MC MHRICR 54 #E i g i
(5% BERAE L, AR SEIR A T, 24 S AN o 10 A~/mL. 10" 4~/mL, 10
AN/mL B, LA 8 K, SR DU A 28 3 T AR 2R 21 AT A ) 7K F-(Amorim
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1997), T YIMEEREA A5y 10° A /mL i, 280401 Mytilus galloprovincialis i
MC-LR FIFEECR A 21.4%~54.8%(Vasconcelos 1995).

2. FHAHER

HENLIAALL, BAMEREME S, BRI, MC SRS AKrEl,
PRI 38R DA BRI RAE RN, SR MC ER AR B AT RETE AR W28 1k
i SS HAY MC S SR MC S ELEIHER, R0 LISRA
HEESR, (HRX R
(1) &%

e e —fmaurp, BRIk 6.7 gDW/L, H MC &40 1.12 mg/g DW,
Je % B AT MC SRR H(0.532 pg/g WW B 2.66 ug/g DW)(Mohamed
etal. 2003). FILITEAGE], Je % B LN MC 19 2FUCH BT U e s 24n
HIN MC & 51 0.2%.

(2) HEE

16 HZ Suwa i, Yokoyama F1 Park(2002)85% T SS 1 MC &t 5 B T ¥k
PR R MIC 5 i LR TG 2R o AR [ B Y #336(0.28) , I A5 s B Thi Bk
TP AR YT MC () REUREFIAEY MC S0 28% . FEIZIE5EH, SS AR THER
R R H MC 5 R KA 43 318 1.09 mg/g DW Al 0.42 mg/g DW.,

Prepas S5 (1997)4E , SFAI7EMG B R S R IE L T il T e 4 . 78
Coal 1, THIFAHY A MIAN YRR S AR R LR (<Sng/L), Jotkild: Anodonta
grandis simpsoniana %32 28 KR, HARA (RO YRR 2R & s b B Al A I Y
K¥E[(24+7)ng/g]; #E Little Beaver /1 Driedmeat i, MC-LR 3475 5043510
(1.26+0.33) pg/L F1(3.94+1.35) png/L, Zif 28 KR, Toib kAR % &5
iK(100£12) ng/L F(7761215) ng/g. K LSRG AEEYI P BB R & ERAKAY
LT T AR E S, T 2 IR .

(3) 1Bk

X RIRIRIXFEA B AE S PRI Skt , o RO o8 HRAR 5 2 Ga
HWAEME ) MC R AW IRME, EHARMEEE, 1 HYR Sinotaia histrica TE
10 Ak, B8 MC S MmiE MC &80 1/6, 1 7~9
By, I E MC 55Tk 2.59~4.82 ug/g DW, 1 FBEAR AR A MC &8 LPAGIAS
tH(Ozawa et al. 2003), 7EELI], BIRARGEIB ISR 5 LERN MC &4 1E
HRKER, FHBRARF R MC P55 (4.14 ug/g DW)RF & TIHALIE(1.693 ng/g
DW), i /K T WA 10 5 K B P ) MC 2Bk 240 pg/g DW(Chen et al. 2005).
T FCERL T B B PR MR AL Hh MC S eI IR R — T AT Rl TSR e b
e SRR B A KRV, 55— Jr R IE T e d, SEmE
[ MC 75 2 R {1
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T MC 1EA R E IR YK A SN B A ITBORAE

— S IF A A VAL G A ORE B, B, 7Kg,
PCB52(2,2',5,5"- WU AR)EK H v BE A 0.00 006 pg/L, TEIFIFAEMIAN It
12 ng/kg, TELAFRIFAD R ERIMANE ETHS] 18 pg/ke, TELAR AR/
JIEE AN AR 2351 ETHE] 40 pg/kg #1190 ng/kg, TAE LASH I f k£ () fed £
FI L A P 5535 310 pg/kg (Oliver and Nimi 1988), [ 20 TH42 60 4E4CLLSK,
A RFEAMA VLB YL S R AP E 5 R 22 BURTRE 25 1 8 G
T, FOBBET KENRHAIT R,

IMA & MC 2 EEKAES RS A AWV E R BT /D (Ibelings et al. 2005,
Xie et al. 2005), AIA i >% Usselmeer AR ST, FHMRHEE A TR L LR
BEXT 55 Y Erie WAFNFR [ S0 -h MC A9 MoK IR F3E T 1 RIS A A

1. 77 2 Dsselmeer #] 89 #F 5

Ibelings £(2005)WF 58 T fuf % Lsselmeer M€)W E 5 A5 AO MC 25 A
YR F(BMF), S RGH TCHAMLAL /1 MC Fr il 7= 5 3 1 PRI
YIGEZYNH ) MC Fri (Bl 9-1). X FRIFWR BMF=si¥)ik)y MC/&I7Y)
MC x 100, X FHRHY BMF =gk MC /IR MC x 100, 7R AR
VERE A2, S A PR R T s, o s %) VEARk S T, UM B ) A
SRR RZEAE ; AR SEIRAE I, MEDRZEME ) MC 2 AT MC 55/ 7.5

10000

_ 1997 1998 1999
E 1000 G\f\i
Z 100 /VR
on . s
E:g 10 \/"\a ﬂ\(ﬂ_m P
LE) 1 \/\
0.1 - -
[ on Y [ on Y [ en =
23552838 5552288 2553258
—O— BRI Seston —@— FZJFAE Fish livers 1999
— o HEShY) Zooplankton S-HH I Smelt

— AN BEEUY Dreissena R-BXIM & Ruffe
P-inffifi Perch

Bl O-1 fE3E5E 3 DN ZR(1997~1999 4F, U 1999 4R4E T kLA, TRIFEY) . FIFshY)
BEFN 3 R ZRAAHIE P Y MC &8 Bl 6 SRAEESAFIIE(T | F Tbelings et al. 2005)
Fig. 9-1 Concentration of MC in phytoplankton, zooplankton, mussels, and the livers of three fish
species during three consecutive summers (1997~1999; fish 1999 only). Data averaged
over all six sampling stations (Cited from Ibelings et al. 2005)
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Fro T XGEIFIA TR K & BARME, T EACK T ERE T R TE
DA 9 3t 5 A BMF R T LUJCR T B8 A BMF(E 2O 1 T 2R K
oy T LR 9-3).

£ 93 1999 £EZF, 7= |sselmeer i#iFh AR ERYIMMA 5 #IFEH MC(MC-LReq)
BREMEMMKAETF(BMF)

Table 9-3 Average MC (MC-LReq) content of different food web compartments and

biomagnification factor (BMF) in the summer of 1999 in Lake |Jsselmeer, Netherlands.

# WK F s L7 ONLEE
Fik /g AFDW /g DW “BME " BME
Species Hee He'e B ) By )
Seston Diet Seston Diet

2iFH Seston 407.5(42~1089) 271.7(28~726)
R Filter feeder
THIFshY) Zooplankton 76(0~408) 68.4(0~367.2) 18.7 18.7 25 25
TS Dreissena 6(0~30) 6(0~30) 1.5 1.5 22 22
polymorpha
‘i ask
Zooplanktivorous fish
BHJRAEFIE liver of smelt 218(59~874)  218(59~874) 53.5 286 80.0 319
(Osmerus eperlanus)
RIEMZIEZE
Benthivorous fish
— PR Y 5 g T liver 54(9~194) 54(9~194) 13.3 120 19.9 120
of ruffe (Gymnocephalus
cernua)
X3E 4 2 Piscivorous fish
[P liver of perch 24(17~51) 24(17~51) 5.9 11.0 8.8 11.0

(Perca fluviatilis)
#3R LATH N FEAY is based on DW; $3E/RLUATG K TH M FEAil is based on AFDW (&2 Ibelings et al. 2005)
(Modified from Ibelings et al. 2005)
S IR FORIE R, ARAE BRI MC kB 3.65 (0.21~10) pg/L. MC RN i HPLC
Bracketed figures are ranges. MC in seston of the water column was 3.65 (0.21~10) pg/L. MC was measured using HPLC

(EAR R, fExtoe, §1N P ) MC & 520 0 AR PR 3h )
() 3 %, Ibelings S£(2005)IAN, B FAIAGNE TR MC & &, FEitiik
SRR NI FE S ) MC i U I, FFIIE & MC 1) 3 22 & 4248 1 (Williams
etal. 1997a), HAEEAIMFINE— A S AT R 19%~2% (A 1977), ZHE a2
HEARIY MC 5 N M A% IE R B0

REIR, 7E Usselmeer Wi, [FIMUEEIFIEHIY), USRI MC &St
I Ak, SR S A IR R MC 5 i s R Bl i R
BEFNXIE PR . Ibelings %5(2005)IA 4 MC 7 Isselmeer {514 25 R G HH AFEAEA:
PICRAER -
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2. #[E Erie # W # %

Babcock-Jackson %5£(2002)fF5F T € [E Erie ¥ &9 W £ 250 H 0 MC & & .
WS i R RN MC & AT A E R IR (B T
MC i RHZIE ORI EAR A T & W A W ORI F(BMF)(3R 9-4). A
I, BRSBTS B R £ (Neogobius melanostomus) )R K
BRSOt , b 2 2R TR BESCE (2B AP E , EOhEAE T MC SN
IR MC &5 7.5 5 (Ibelings et al. 2005), 73545 A, 1EiZBFsEH,
PR %t JH I i) MC &gty AR BRSO R 9 A%, X HTEAT 2% Dsselmeer
WILEE 2 s N R ) MC & i 29 0 SLIE R (PR s ) 3 A5 i 4s S5
(Ibelings et al. 2005), KX LLEHETT LIIAA, MC #E Erie S RS AEAE
HETRAE

#*9-4 1998 £ 8 A, [ Erie #hARAEHMMAS Y
MC-LReq & EF1 4 ¥ X E F(BMF)
Table 9-4 MC-LReq contents of different food web compartments and biomagnification
factor (BMF) in August of 1998 in Lake Erie, US

, AWK IR T BMF
FliZ& Species ng/g WW
I Seston 1A} Diet
BiZY Seston 45550%
(9100~82000)
TR
UE 1 Filter-feeding
PESLE Dreissena spp. ~20 ~0.04 ~0.04
T JE P Detritus-feeding
i A& Echinogammarus ischnus 200 0.4 1.3
i £3¢ Demersal fish
BT pE T 180%* (60~300) 0.4 900

Liver of round goby Neogobius melanostomus
* H{E Medium values
(K4 Babcock-Jackson et al. 2002 FEHETEM75)
(Calculated from the data of Babcock-Jackson et al. 2002)

MC BRI 520 ELISA i%
MC was measured using ELISA
3. REEHHA R
T S R RANAR L RGO L, HEH MC 1E& RIS WA N (5
ORI T4 9-5 B, R BER DR PRIEY) , BRAGIDR IR
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X R A T 1 %o PR A 6 BME, DR R 5 PR3 sh A R K A v A iR Ty
) MC it SR AL R RS, ZUOBIRAR | R AR B R e o A MR
Toix S SR EY T MC S EdE . BRTTHEARN T BMF,
%*9-5 2003 £REEBAERYMAS K MC 2 EFEW A EF(BMF)
(MC By#&il 7 %A HPLC)
Table 9-5 MC contents of different food web compartments and biomagnification factor
(BMF) in 2003 in Lake Chaohu, China(MC was measured using HPLC)

MC(ug/g DW) *EPPHORIN T BMF

B4 Seston 240°
2tk
12 (Snail)

I B (Bellamya aeruginosa) 7.42° 0.678° 0.28
HF(Shrimp)

75 W 1R (Palaemon modestus) 4.14° 1.279¢ 0.53

H AT IR (Macrobrachium nipponensis) 142° 0.345¢ 0.14
&3 Fish
TR ek fa 2
Phytoplanktivorous fish

i (Hypophthalmichthys molitrix, Hm) 1.16°¢ 0.073° 0.03 0.03
[eRizsIb// e eiie
Zooplanktivorous fish

J1%(Coilia ectenes, Co) - 0.324°¢ 0.14
KAEGKAREW) e
Macrophyte-eating fish

fi§(Parabramis pekinensis, Pp) 451°¢ 0.29°¢ 0.12
&M% Omnivorous fish

#(Carassius auratus, Ca) 1.76¢ 1.61° 0.67
A SN 4 £ 1 £ 2% Benthivorous fish

8 Cyprinus carpio, Cc) 845¢ 0.297°¢ 0.12 438
XIS P2 Piscivorous fish

LUHE )TN (Culter erythropterus, Ce) 11.6°¢ 0.832°¢ 0.35

FWEL| Culter ilishaeformis, Ci) 4.99° 0.626° 0.26

Wi (Pseudobagrus fulvidraco, Pf) 7.89°¢ 0.653° 0.27

* BMF iy “Shp# ki) MC & B 8724 i MC £rix100” 5 “ship# ik ity MC & Bi/ER Y MC &
Hx100”  * BMF is determined as “MC in whole animal / MC in sestonx100” or “MC in whole animal / MC in
dietx100”

a Chen et al. 2005; b Chen and Xie 2005a; ¢ Xie et al. 2005; d BESEH AR AFEE, FI8 8 AFI 10
AWEY{E d  Unpublished data of Dr. Jun Chen, and the figure for Macrobrachium nipponensis was the mean of
August and October; e fNsE{E 1K & FH P8 ¢ Unpublished data of Dr. Ligiang Xie
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FES, ARG PG HAL 5> R MC &5 = A R IR (B 7
YN MC &, sk ) MC SR, B RshPsta& 9+ MC 1
BMF {E AR 1, 1A P B v 28 () X LR A= W) G ) MC () BMF
Lz /N F A s ) B M A 2 (B )X R A ) (12) H MC |1 BMF B 5 Tbelings 45
(2005)fZ5 IR ARL, MC fES AR RGP WAFEEAEWORER .

75+ MC WEIAE S0 A Uk 4 AR

A e e M R i RV 2 A W ik 4 (bioconcentration) AT K 1) B 414, )
wn, HHLEAZ DDT HA R & E b A ke vk, RETEFREE A DIk N K it fa)
PAFERE (MR A 38 DDT AYFZE0I 8 5~8 4F), DDT RIARIATEIR R, ZEK Ay
VRIENL 0.02 mg/kg, TFEREZALAY VAR EEITIA 1.0x10° mg/kg, K
EEER) 50 iM%, XI55 54t sEm g, K BRTERR N4l
g IRMER MR, ARG HE RSN T %A 2004), 5 DDT SFRpA TG HLIE Y
PIFHEL, MC kA Re e Pk i S B AR SR K P g 38N, FEK IR Hh 25 ) Wit
MK LA 1 JE(Codd and Bell 1996a, 1996b), MC-LR(10 pg/L){E/K ZE7K Hrr) 2k
FWIZM 4 K(Cousins et al. 1996), MC-LR 7K H B9 AR E KT 1 g/kg(Rivasseau et
al. 1998).

ARk, BAEVFEZHRA RSB S B UK RIE . Poy . THE
Bt R BN Y AR IR F-(BCR#HA TS, B T WAL G YL ACR A PR T 9 43I
PP FRFSEEE K A BRI, T REIK ML REL Pow WG T iR Z o Pow ifb G
YIGUKENE SR, Pow U/, SEKMIESR, L, Pow BK, BRKMEMGE . Poy
(IR INFEIR 2 AL DI ISR 22 AT R AR AR . A o AR HEERI 31 55
B, —BRU, AW Poy 8N, TEADIR AN ) ZFREE TR

REMIBFER, SFOKA YGRS i . 125, M55 BCF 5
Poy FAAEIEAIE R . 40, Veith Z£(1980)F] F— R4 1 fafh Al 84 FhARREI 1L A
PSRN B R

log BCF =0.76 log P, — 0.23 9-1)

Geyer 55(1987)izii, DDT. 666, NEBKAEAYITENSEIEN 42! (human
adipose tissue) [ log BCFy Fll log Py X ZRUNE 9-2 Fizs, W F iR EZ
SO R AR G BCF FR T AEYAS A IR & &) -

log BCF =0.745 log Py, — 1.19 (9-2)

log BCFL = 2.54 10g Py, — 0.22 (log Poy)* — 4.56 (9-3)
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& TCDD. PCB., HCB. DDT X#£A3E i, i (non-ionized) A HLAL & WX LB
RLAKEHA S log Pow fH(>4.5), HILEARENAL H KEF R (Geyer et al
1987).

WAV EY) SRR B BB TR, b SRS S, 75 mg/L 18
FEIN, W] F R 807 Bk Al 35 BCF(Kenaga and Goring 1980):

lg BCF =2.791- 0.564 1gSy,

]03[ HCB }ZDDT
iﬁ—HCH4 __________ PCB
= T
10° 2,3,7,8-TCDD | |
HEOD
<3
g 10 i
8 | :
6 1
4
5 f
1 L — R —
10% 10° 10* 10° 10° 10
Py

K92 AEIENHLUh A IUL S IR log BCFL(BCFL LAENT &5t Ay hkfi)
5 log P, I Z (5] H Geyer et al. 1987)
B RN BCRHPFHEANER. 54k=3K(9-2), H&=R(9-3)
Fig. 9-2 Relationship between log BCF (BCF on a lipid weight basis) of organic environmental
chemicals in human adipose tissue and log P, (Cited from Geyer et al. 1987)
Each point represents the mean and range of BCF}. Solid line = equation (9-2), dashed line = equation (9-3)

i F MC 25K AR, F14n, MC-LR A9 log Py, X H-1.76~2.18(pH 4 1~10)
(De Maagd et al.1999), ARMELNAfELEK B Xtk AGKAE SR, X ] LR
] Prepas S5£(1997 #4852 ot VA A MC-LR VAR HH oK REFE S A AS DU
HEER, DO MC fEKAESZRE T IAEYBRVER . R4 MC-LR 1= K%
fi#BE (KT 1 g/L)(Rivasseau et al.1998), WA Kfif MC-LR f BCF 1R/

A TR AR B S AT R B = A2 MC, AT RLRAR, s MC i BRAb PR R A i
KA ShAE A 3 HEA T A v 4 FROR 3%, KA RGP 1 MC 2 R E ]
SEFRRE, TR 5 T RS R A B N T K AR A T I K TR
U HIRF WAL R G T X R IMER) K, X FpRE PR R 1) 22 B AL A Ak
SR BRI
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F+E MCHWAXEBEREHEE

WE PR B RO A G FE Ak ok B = A I AT 2 (epidemi-
ological)Ji#r . Y rhag A LB 5 . WA T et e, RILRe Ak
HIRE R BRI R, (X7 A2 B EPE (retrospective)ifF 5T,
AR T REECEYEGE . B R ISRV B S8 B A T 2= B i iR b
WEESEEY PN SERER 2, (BEEEXTEE R T E R, B ICESMES]
AN, Bt BARANRRTE S 2 A AR BRI AR T T, (HRREE XA R A Fil
LA B AR L = 460, DR T B BH 2 R A8 A R g rhais b 94 A DA S L dseAH
PR P EE, Hrh Ot R A . SRR 3 DL e w145 2
(rodent) P 4T T 158 (Kuiper-Goodman et al. 1999), ZEE MM EERER T, HRE
FROMC FI5 BREE 20 B R A (a5 i pal i e K o

— . HEEOKEREERA R AR

Py s A RO HE B AR R A E B E] 1000 Z4ERTRYHE, 4}
T B S0 28 T A AT B Hh [ R R %) — 25 A S (I AT RS2 6 ) A Tl i Hh BBOK AR
1M #ESET(Chorus and Bartram 1999) J¢F i #E5 | B & 1) H0E LT
1931 4, RAFEFHRZ A — RPN, 48, B TRoKED, Ohio WAY—4~
TR T W EKAE, KRS IRAT I, B ) TR shs |k T — R 55
R, T IX LR ER A BE UH 45 Sk % YL IE (infectious  agent)(Tisdale 1931, Carmichael and
Falconer 1993). TEEEELAHMIMGHIE T, A IG7E— R 7KK R e — X 3k 1)
JLE, BAERERAME R, (ARAZNRGYE, (I RILE 520K PR e sk A
PR, Iz T (o A A ) LEE R Hh B 15 AR (Zilberg 1966).

PE NPT 5 W8 e S ng 2 AHIR R TIESE 2 BB RE, DR R = X i)
TEANE X, 12Wi(diagnose) 2k FHEME:, B RIRE A X haE g A s R i
INFE R (Codd  2000), {HIE, JCIRUUXLEESRARE T EEeny, Boh'e HHAIESE
THREEMNAERNECER, MR IR N shPs25 H15 319 (Kuiper-Goodman et
al. 1999). MK AN BEFLL S SEiomios, A TR S fih sl i e
MuFEER, AlghE—RSA FEMNER, W (skin iritation) , 2 B
(allergic response). ZHfRFLI(mucosa blistering). AL FI5ET5 i (muscular and joint
pain). 78 R (gastroenteritis) . AfifJii 578 (pulmonary consolidation), & #i{5(liver and
kidney damage) FlI#5FHA5FE 2P (neurological )52 (Codd - 2000).
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TRATIR AT R0, ) 98 25 & IX 3 B0 A0 76 25 R YT L X (Y T 8 4Rl
FNRET T . AR ZT . T AAET | TP R, SRR A R Y
KRR BRI A e Z A, &R E AR
AR AT MC 2 AR T T b X JHi 2 2 Az [ 28 2 —(Ueno et al. 1996, Yu
1989, 1995, JH2EE % 1999, AN 2001, AMIEEZE 2001, F)E S 2002).

F10-140H T 7 58 EAEIRAKOK AR A 110 5 1 S K AR A DR A et e
HF TEMOHE T RS BUR L Malpas /K8, JA T 2A ISR I B4R K IR A
BEWE BTG Y S IR R 2 . fEe A Ik E i T 8 RIS A TR A U
Hr, DL 1996 4FE P Caruaru 8T H O EI 8T MC g 54 .

T KM Malpas 7K 7K IR RE R BE T 4
Xk NI R

20 22 80 4RI, AT I BB A FINE BT B/R 1= (New South Wales) &4
PR R 7K 5 W 8 T e 7 A T R N S it B 1 7 5 5% 1 (Kuiper-Goodman et al.
1999). T8 rE B/R -/ Malpas 7K & Armidale TR, H 20 42 70
SERVIE, ZKER T8 B E R AR SEESoKAE . KN T
L HEESRAK) R 150 m, ASR/KT IR 20 km KA TE SKEER: . KAb
B Ty 3245 TN &0 7 15 (pre-chlorination) . BHAH 24 %¢ (alum flocculation) ., JTLIE
(sedimentation) , R V> € (rapid sand filtration) ., J&5 5 JH & (post-chlorination)
5§k (flocculation), 12 E 7K it i FRAFAE 15 HE K 45 X 3 (offtake area)7E R J11E
AT HERA REK AR . YK A FRER T ] BB AR R il K48, RIFEAIER R |2
W 1 mg/kg M. WEEIKALREE R P E - MC-YM (Botes et al. 1985).

TE 1981 4F, NI T — R R FEl A 5 G e e /K AR 1) i Ji B L) el (e Pt
FRAM M A L5 . TE KA AR, BT AT R KR E A GF A 5k
(odour), JHBRERHNALIE T /K. X—F R G XM HMRZK IR A1 72 RE
TATIE A BB A AT B Bty o [RIES, 5[] — i XAt K 2R BRAS R FH K B8 AT 3
177 M. 1% (plasma)H s ) RS 1 A Bl >k A X I8l LS 55 2 (regional
pathology laboratory) £ # M IMLEAE &h , AFEKAEL AR 6 AW KA S IES|E;
W 6 AR RIS 6 4 BIHAAE b o SR K8 43R T Malpas 7K PEZRK Y 8
SR AR IR R . B 10-1 FTRAE H, PRH Malpas 7K PR ML )
A BET S 2 i (gamma  glutamyl transferase)yi P4 7E /K 1€ = 04— AR 92 Al b P
b 21 R o= i B 12 1 Wl = R R =1 A B N 1 7N U B NG 5 111797 N Tl
BRI TOAE YL P T 4% (infectious  hepatitis) 1% 2 A& B 57 18 K HP 25 (disproportionate
alcoholism) & 4= (Falconer et al. 1983), V3401 7 3G nRon BB m It i
W5 NFE QYIS A AR R3E I, RWIFELEAR S0 R 3
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i1 Time periods
P 10-1 7 Malpas /K28 K ™ B K e E] LUK BRI SAL LB, AR HTZOK K A LT
HP RS RERERS 15 ] — 3t DX HAL /K PR BRI K AR EEEE(5 | F Falconer et al. 1983)
GGT: y-{RREMEATEME; ALT: 43 N5C2NE; AST: WHLAERM; AP: BAVERERRRE, WHY.
1: KAEEARD; 2: KAEWIE]; 3. AKAELSH)S, fHK: A: Malpas KJF; e: HAl
Fig. 10-1 Serum enzymes measuring liver function in patients consuming drinking water from
Malpas Dam or from other supplies during a heavy bloom of Microcystis aeruginosa
and its termination with copper (Cited from Falconer et al. 1983)
GGT: gamma glutamyl transferase; ALT : alanine aminotransferase; AST: aspartate aminotransferase;
AP: alkaline phosphatase. Time periods: 1: Pre-bloom; 2: bloom; 3: post-bloom.

Water supply: A: Malpas dam; e: other

—.. B Caruaru #HTH ORI EHT MC HEidif

ik, BN R RS R A5, (B T LU R E e
ik OB = BB UE B 7 & s UOK TR AT I B S R AF LE 0 B (vector) 5 A B
(circumstance) A TERE; QB2 G AR T-BL o R K340 i e 2 R 2R U
RAERKEEFKEREBIEIT, MAASEAE S R, AT 2kt
Yo SRR R EE A SR B, IEAh, IRHAKGE SRR e R RN EE, ATk
RS B RE R I I XU AT MC i R iR B 2k b
ot B2, OEFIFEATEA MC ME—i&42(Carmichael et al. 2001).

FENFET, RTARIREE, ALMAZ MC M F Bt AR5, Hep
X BT R UL, QAR T BT MC 53, falatErenlk, HoRENr
AP H 35 38 1 F K (intravenously A 21 K &9 V5 YL 1 7K (Kuiper-Goodman et al.
1999) . B HH: 25 T Ay i 1 1 B P4 I 3 A = AN RME—— B9l i MC 75
Ye5 | F Ay EESHF(Carmichael et al. 2001, Azevedo et al. 2002).

PEHiLiE (Carmichael et al. 2001, Azevedo et al. 2002), 7£E P4 ) Caruaru &7
L, BHKELA Tabocas /KIFE, Z/KEREEE UL, Flan, 1996 4E3 7, S
TRUHAEY) BT B 97%~99% , AR R 223 Aphanizomenon manguinii F1HFPEi
P (Oscillatoria). T 1990~1995 4RI FEENE /R , %K IR 7 MC 196
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FEPE (Microcystis) F R ¥ (Anabaena), VA I =4 M 355 2 (cylindrospermopsin)
UL 36 (Cylindrospermopsis) . TEZBHTHL, T 1996 4E 2 A 13~20 H il
Z T HEBLBNTAITE 131 NEET, A 116 AGE 89%)H L T 154 (blurred
vision). %:[x(nausea) FMX it (vomiting)3HEMR (2 A 13 HIFLR, BETFIRIARH I
CEEREIR). 2 A 20 H PR 1 NRRET-EE , & 4 A PR3t 51 484
21996 410 H, 7ERI AN (acute liver failure)y 100 I~ EH, A 76
MEFEIET. 2 1996 4 12 1, EArgEr- &, A 52 NHKEFSEHrKHr
MC(MC-YR, MC-LR #il MC-AR)75%¢.,

XTIN 39 AFET-# (1996 4 2~12 H)HARTS 1 52 4 FEEAE i LA RN 12 NFET
FVAFI 17 A L3 (serum)E i 19 MC 55t , i3l ELISA Fil HPLC-PDA #47& i
0T, SRR MC S REE N 223(50.2~471.8) ng/g, G - FH& &R
2.2 ng/mL(/& 10-2); ifiit MALDITOF-MS, #iIA T A ) MC-LR(m/z 995).
MC-YR(m/z 1045)F1 MC-AR(m/z 954) ) ##7E(Carmichael et al. 2001), i , Hilborn
£5(2005) X iE ik ELISA 1 LC-MS BRI J7 Xt 2415 10 4> Carvaru i30T 3545
(1) 10 3 MG FE A AT T e, 1S538 FE 2500 19.1(6.8~30.6) ng/mL Fl
21.2(7.6~31.4) ng/mL.

12 500
¢ L
10 MC #¢FE MC content 430
a 400 c)
3 350 B2
> 8 ® 5
3 300 O 2
3 2
200 E 2
5 =t
, 4 o 150 = 8
h 3 @ FErBEE 100 =
22 Patient 1
50
1
. ? Pl

Feb Mar Apr May Jul Aug Sep Oct Dec
A1 Months/1996

& 10-2 A H BT Carvaru FEHTE AL S H A3 MC #RE (51 A Azevedo et al. 2002)
B 1996 45 2~12 A IIEIIN 39 ANFEEREEN 52 (3 IFFERE &L
Yugig B I H A3 MC N 2.2 ng/mL
Fig. 10-2  Average microcystin content (ng/g) in liver samples from
Caruaru dialysis victims per month of death (Cited from Azevedo et al. 2002)
Data represent 52 livers samples from 39 victims, covering February to December 1996.
The average microcystin content in sera from affected patients was
2.2 ng/mL
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Carmichael Z£(2001)%} 1996 4£ 2 H 13~17 H#AI7E Carvaru B 470 Y
BHKE MC & 8T THESR . BRI E R R 1500 ¢, B ABKIENT
K120 L, HAPMEIERT: © FFBEHH MC & 58 MC i 50%; @ 5
PP-1 fl PP-2A HMZ5G (I AT BEAS 238 ELISA AN H) A1 (5 B i Y 80%, I
EHTKT I MC & A RER A 19.5 pg/L.

REIR, FRBHIEZEZIILUHI MC 2EhEHSse, T8 OBHkh
() MC 38 2B AT R I F K LR AR, T — R AR i feiE ; @—A4
BAE NBER ISR — AN 2 L 247, WM K5 120 Ly @ EZ 0
(WEMT B E)TRERZ MC WfaFEE ., H/NA RS T sE Bl e g Rk, o
R e AL B i 4 MC-LR 119 LDso A I W E S5 50~170 £ (Falconer 1991, Kotak
etal. 1993b, Yoshida et al. 1997), MC-YR FI MC-LR E"J%‘@%M(Kuiper—Goodman et
al. 1999), HFEHT/KH K MC & 51l HER35 19.5 pg/L(Carmichael et al. 2001), [fij
WHO ##18 MC-LR 7E K FRAE R 1 ug/L(WHO 1998), it H#Edl it _Fik%E
Mrif E AR MC 52 WHO Z1H TDI ARERY 58 500~198 900 15!

Carmichael Z£(2001)#EM AT BEAFAE 21k MC Fefih, (HIR B A H AT RE R 2ok H
3 717 HErE R — PR MOKEE R Zis 1 ke ik o SR, BT 10-2 T LI H,
7 2~10 A WIa], FET- G A G MC & Rl R e i m K% 10 A 4y4h,
A A ITE 150 ng/g 2 1) HF/INA BRI EH MC 92132 1) B #0K (Robison et al.
1990), DR sHAE 1W A77E S 2 1 MC 42l

. AR HOKA SR MC S s ¢

ELPY Carvaru BT 0 M9 AL LME MC iR -2 8 AEE0BE MC R
B O T R PR LI A MC S 5K A s AR e g B R i) MC &
HHFATHRR, AT RAMVE T AZE 5K A= ghnt MC Hitkisss s8Rz —

Jy TAET AL, AT Carvaru &M b O AL T B RN S MC &
P g e TR R B e . ARIFIER S /K E 298 70%, Carmichael %5(2001)
- Azevedo 55 (2002) T Il 45 19 56 T2 /8 3 I E 193 MC & & H 0.743
(0.167~1.573) ug/g DW; AZEIMIKAE/KEL R 10%, Azevedo 55(2002) 151
FET- B ML B MC B &8k 0.022 ng/g DW. Hilborn %:(2005)i# 1 ELISA
F1 LC-MS FrilA5 i i3 o MC (19°F-34 5 85305070 0.19 pg/g DW 1 0.21 pg/g DW,

1. # %5 Caruaru % AT 0 56T B3 AT AE A i o MC & & 89 lb

N4V 0 1 B ST 06 A SR A 3] 0 AR AL Y ) MC (B — 3,
BEIUFER 4-4)itit =M Caruaru 3B KT HOFE T ER 3 TR R LI H A H ) MC
T, .
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(1) far== Usselmeer i FRsH A AR 9 MC 51 55k 874 pg/g AFDW(HLE
P4 Caruaru BT .0 MC HEEFETEE I MC 5 = 195 Rl = H 24 300 £%),
DRI B B H G MC i3k 194 ng/g AFDW(Ibelings et al. 2005),

(2) ELPY — AT o U6 W v 20 g 55 A o S b A SR S R B R 3101 ng/lg WW
(Magalhaes et al. 2001); 2003 49 H, i 7 Fpe SRR MC 7395
Bk 5.77(1.16~11.6) ug/g DW Fl 14.5(3.31~46.43) pg/g DW(Xie et al. 2005).

(3) TE 80 KIM= INFEME LI Hh (P S P MO i A B G ate ), e JHP A A 0 v v
) MC & 7E A 20518 11.97(8.79~17.76) ng/g DW Fl 24.68(0.34~49.68)
ug/g DW, £ B - 4358 10.57(1.69~24.63) ng/g DW Fi1 10.07(0~37.02) png/g DW
(Xie et al. 2004),

TER MRS )RR IR SE g b, 6 F 2 DA se i B, R
MC i HFE(E N 0.374(0.00~2.83) ug/g DW F1 0.052(0.00~0.238) ug/g DW,
IR 4 AU TR 264 g BAKF] 10 A 3H) 2811 g (REI T 10.6 £7%)(Chen et al.
2006), fEX—WFFEH, @i TR A ) MC & &5 PG Carurau & HTH 00
MC HEpSET- B AR ) MC &rit 4. (B2, S AEFAA O
2w, AR s

2. TAAMES AT BRAR & Carvaru AT 70 561 B3 AT AE o MC & B 89 LR

T — LB AR a3 P B I6 TP A I H T35 TS HESh )RR v i MC &
(% 5-3 I 6-6)H LI i T M Carvaru BAHCFET B FME ARG H ) MC
T, .

(1) HA Suwa B TRERAEFIRE SOEEEIF AR TP MC & &8 1R B o 513k
420 pg/g DW #1297 ug/g DW(Yokoyama and Park 2002).

(2) EIRITIERIE Unio douglasiae XHEH: Microcystis ichthyoblabe ' MC-LR f
BECLEeH, Kehzent 5 K, PR MC iA3Fa kA (130£11) ug/g DW (15°C)
F1(250+40) pug/g DW(25°C), HAAEEL 630 pg/g DW(Yokoyama and Park 2003).

(3) TEA HIR Sinotaia histrica Y& MC-LR ERICEEL, AR+
MC FHAESS 10 Kik 436 pg/g DW(Ozawa et al. 2003),

(4) TEIRKTCI I Anodonta cygnea Bl FC B (Oscillatoria agardhii)® MC [
SR, Zal 15 X, BHAN MC 1345 ik 70 pg/g DW (Eriksson et al.
1989a).

IXLEF 2 TG ARSI IF IR AR B MC S8 iR E, FLE P Caruaru B 4T
HUC Y MC HEEFE T B I MC 5t (R (E(2.83 pg/g DW)mi t 25~223 i 1

I PR FI M MC &R AT I, 78 H ARSI 25 F T,
TEAR SRR A TR HESI AN REN MC & Smic s T A ESE MC W E .
X R VAN ZE K A= st MC EE 5132 |
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Kl 10-3  Zead dE R A I AL FEIE 931 Albino AR5 Z TOPS OF )P [ 52 J P IR
A DL PE2E7E AL (5] H Briand et al. 2003)
7e F VN BURFEAGAS 0.9% NaCl, A7 b BEURARIMETER/N BOW BOMEE, T EUZAS T WIS
SRAEM” MC (¥ Planktothrix agardhii 2£¥UH)(20 mg R TRE4L/mL, T 0.9%11) NaCl £
FHGH, FESHRIEL 1000 mg DW/kg BW)RY/INA BT
Fig. 10-3 Macroscopic pathology of fixed livers from Male Swiss Albino mice (IOPS OF1 strain)
treated with toxic extracts (Cited from Briand et al. 2003)
Top left: a mouse liver injected with 0.9% NaCl, top right: a non-perfused mouse liver as control. Bottom: liver of mouse
injected with an extract(20 mg lyophilized sample/mL, 0.9% NaCl used as extraction solvent, i.e.,

1000 mg/kg) of a field sample of Planktothrix agardhii(producing microcystins)
3. W ALE (/) B BO)F 2K B E 4T MC-LR 89 LDs B9 H %

MC-LR XS WHZLENIEE AR o« X /DN BRI B 1 S 1 LD so(BRLIC I 5 sl 3 Mt &
HAE 7~14 KRIWWIRIN 50% s 1T- 195l ) Rl 25~150 pg/kg BW(—IA N
50~60 pg/kg BW), HAJLAH MR MC-LA. MC-YR 1 MC-YM)5 MC-LR f#)
LDso #HiT, 1fif MC-RR f%) LDso 8, 294 MC-LR 1 1/10(Kuiper-Goodman et al.
1999). Tii/N I ERAESEL MR R B AH 75 R 19 LDso K20 A IE I 15 [RIAEAH #E 3 LDso 1Y
50~170 f(Falconer 1991, Kotak et al. 1993a), X AJ fEXKBIFE AJGIE K MC KH5>
Dl R il HE

1M 2N 4 MC-LR 1 LDso 885 F/NA B : #44(Cyprinus carpio) I TE
5} MC-LR 1) LDso(7 KHIS2H)7E 300~550 ug/kg BW(Rébergh et al. 1991); #fitf
(Oncorhy- nchus mykiss)IE 113 4+ MC-LR [ LDso(24~26 h B5E55) R 400~550 pg/kg
BW(Tencalla et al. 1994, Kotak et al. 1996a); i (Carassius auratus)i& 5T
MC-LR {9 LDsy & 380 ug/kg BW(Baldia et al. 2002); ffi(Pera fluviatilis)& fs 15T
MC-LR ) LDso &1k 1500 pg/kg BW(Ibelings et al. 2005); K PG At (Salmo salar)
JE s 1 5 550 pgMC-LR/kg BW 3 (MG 3 K—IK), TE 36 RSZEIEAR T
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(Andersen et al. 1993),
I, AN FIR LDso I HGESAT R, 26 MC-LR BRI 3 T/ B

. MC SO FLE a2 AE T YL SV B R AE

RERHLURBARISERY], MC SUERPIE(A 10-3), 2Pk MC-LR HrEg{din
FLahICINA BRAR B BTSSRI 22 3806 A cs . BAn g e
ZOH(E 10-4), B v iy i v A S b ORI A, O IR K HY Il (massive
hemorrhage) M4t T (Falconer et al. 1981, Dabholkar and Carmichael 1987, Adams et
al. 1988, Eriksson et al. 1989b, Hermansky et al. 1990, Kotak et al. 1993a, b,
Carmichael 1992, Carmichael 1994, Kotak et al. 1996a),

(G

e -]
1E % I Normal liver (D) {VERIE HIRFRE Liver after toxins act

‘\HB% B’e duct .

©

‘ .EHBE]H@'Hepatocy.tes
P 10-4  AAIS5H LT 22 (CRARUR TR 2L @A 22), AniEl (AR BT AL R
WHARK. (B2, R8T MC G, BEezm MisbEE o) G2 2 1IE w1
JHFA N — A R B HUAZ ) (B) o Il 333 e ol I LA I ek A B 55 S AR B 2
MAEHER AT AR (C). ARG, XL A A0 E AR 7 25 L SN B2
M5 E(D). BN AMIMREZ 38, S 2L E T 2L
R H I AEAR R F-B8E (51 A Carmichael 1994)
Fig. 10-4 Microfilaments (red threads in micrographs), structural components of cells, are usually
quite long, as in the rat hepatocyte (A). But after exposure to microcystins (B), microfilaments
collapse toward the nucleus (blue). (This cell, like many healthy hepatocytes, happens to have two

nuclei.) Such collapse helps to shrink hepatocytes-which normally touch one another and touch
sinusoidal capillaries (C). Then the shrunken cells separate from one another and from the sinusoids
(D). The cells of the sinusoids separate as well, causing blood to spill into liver tissue. This bleeding
can lead swiftly to death (Cited from Carmichael 1994)
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SRS HE2A T R, 2k MC-LR HapEuaSser- a5 FLsh
VI B ANTR] . IR TE ST B Microcystis aeruginosa BT 88 JF AR DA K s 73 5
MC-LR f e S A R B0 BH S22 A% 72 1ML (congestion of blood)(Phillips et al. 1985,
Rébergh et al. 1991), Kotak Z¢(1996a)iil, NS MC-LR (74T i i SRt H 291
JHFR G, AL HS A 2 0 g S S AR 5 T T o A T i 2 B A R 0 e
(hepatocellular swelling), 7K (hydropic degeneration), K k7 A M B},
NILZE 3| 0T 88 JH T AT VR 25 €0 (straw-colored )TRAAE Y, TRIHGIA A MC BT S5 A0 T )
LR R ] S i TR T4 PR #E (massive hepatocyte necrosis) I 5 2 T D g 3=
v (hepatic failture) , 17 IE 76 /N F1 B A 0L 3 B9 A i 25 5% 1 IR 52 (hypovolemic
shock)s T AZEAMEIHALSPARHE HBURFFEI0L, Ptk MC BfaZ e my s K a]
fAE 3 2 F 2 BE 2% 1 (malfunction of liver), 1A &1 ¥ & 4t Fx % (circulatory
disturbance) (Bury et al. 1997).

KT IHFL Y B IRSN AN (in vitro and in vivo)lR TG BH, MC Xt RFIERY
U EL M)A A8 1 e A A R ) P8 75 7 (selective membrane permeability), i
S 1 0 A1 2R A 52 (cytoskeletal  effect)(Eriksson et al. 1987, Falconer and
Runnegar 1987, Eriksson et al. 1989a), JUHXGF/N T ERAFAH I 64 22 5452 i 4 531 BH ik
(Eriksson et al. 1989a), AA, AfT1AIL MC 51 ZUHH0 6l 95 F 8 F B ER B (protein
phosphatase)(PP-1 F1 PP-2A)[1){% £:(Eriksson et al. 1990b, MacKintosh et al. 1990,
Matsushima et al. 1990), i 25 1 52 i 6 1 A9 410 ) S 350 (A i 2R 26 1 i R 1k
(phosphorylation)3 fil(Eriksson et al. 1990b),

TR, FEEBEES MC-LR s, i e R 2] 76
1 JH 20 j o A B 2 10 1 22 T 4 (reorganization of microfilament)(Rébergh et al.
1991), XZKH], MC XA B EELT AT e S L sh 2L, (HEGEALHI
A,

7N AR AE L Bl K A= ST MC BE a5 2

Williams 5(1995) i il 682 i F LA F =Ll i fa 2 tu i A sh st MC 19
Btk ERS L. O KPRy MC-LR BERERE /NI REREZ; @ |
F MC-LR 51 shstrif 25 H 2 — &6 T 2um & i1 (Hooser et al. 1989),
A2 1ML E (blood pressure) FUIHFL MK (Ellis et al. 1978); @ — ki, s
A fE FLRG A sh ) o 2 R 7R TAE MC 3R, IR rE b f s fe e, 3k
157 LBt A= Zh s B e . DG TN R Zh PR 0 1k 22 5 (% AT RS i) H iU B8
FEHEN B (Xie et al. 2004) , S 75477 18 W S AR F AR AL i 2] 25 [n] LA g
WA BN,

Kotak %5(19962)512& T 2R LR AE S0% MC B9FTH:EE8 B mT eI A .
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L2 F T IV AE £ 2 SR I v 79 3 3 3 2% (perfusion rate) AR (A 2 7L 301 1)
1/4, Gingerich 1982), X 5/NARAHL, AIRER/D MC BIAHIERPIG & 5
HZ R T AT MC RIS, BRI FURMEN . AR, ME
IR R, KA RS AT MC-YM AW IO & Ik (Runnegar et al.
1991), 1 K 2 5 0 25 AR A7 0 3R 35 L B EL i 2L 30 W 0% 44K A% 3L S (core body
temperature)(37 °C)EARIF 22 , R0 MC WIS 38 13 B0 3L 31K (K otak et
al.1996a).,

S PN Il Ky i D0/ €y d AT VA Y A Tan: )
MC W CRITR BRidER HE 4

10 28 X P Rl ZARICAY MC-LR (W s R FN 45 4 (incorporation) [
ORFG /N B . CBFCH]-MC-LR 155 219U/ 1 B (fasted. mice) 4 8 i Gl 2
13~101 pg/kg) 5, Zad 6 h, 50%~60%7434ii Tk (Robison et al. 1989) , 2L
B (sublethal) 7% ([P H]-MC-LR VES2/NA BAIIE IS, 2098 1 h, (67+4)%5M i
T HFE(Robison et al. 1991b), Kf['*C]-MC 15+ 51/ 1 BUE I GRIHE: 100 pg/kg), 12
Imin IFE]SEAE 70% 0975 2 2 A3 FF(Brooks and Codd 1987); Tii[*H]-MC-LR
TS B RGP fa IR S Gl i 1 mg/kg) J, 483 2 h M1 5 h, AUA 2.8%~4.9%41 1R
FIFIE(Williams et al. 1995) 5 ##[*C]-MC-LR ¥ 55 1) K 75 9 ek #0110 162 e (5 4
Img/kg))5, 43 2h #5h, H 11.9%~16.6%%3 45 T HFiFE(Williams et al. 1997a).
FH MC-LR 5151 K PG Ak i I s (Rl 2 me/kg)Ji, H Lemieux 48 fL75-GC/MS
W EFARK M FN 253 7 h A 31.4%~34.3%%345 T IF(Williams et al. 1997b)

RPGPEfE A X7 2 TS RR /N A R /AR, BB TESH]-MC-LR 8 K
Jei s FFRERILABER A (carcass) TSR LR BB A 50% 1 8% 1 Ui AR i (Robison et al.
1990); T AP VESEfA I S PH]-MC-LR 46 h J5, 2SR S EdR i C 1
RO AT 13% ; B C]-MC-LR 43.5 h )5 , A SRR Hbri e i A
B M 37.9%(Williams et al. 1997a),

I\ AFEISHYIZEREER R SR HEAL 5 1T

A RLAE, MR —PPEE Y RE S EUIE A B LA 5, I8 A F ROk 1
FEEEIEASE, R, M8 S s

WL 3h 8 B MR AR 3 5 X 5 S I HESh M B LR R0 B R 2200 7
YRR, TR ARG T INTICEA . AIFCEI P LR K Sl I a2
RS BETEShBVRAR LA A8 B —— DlE(heartfE B 72

—SCRESFICEHESIYY, WA RS | R SR Y S B A
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ARG, 2Pk BRI ESE B A MR RS, LREZETY . F
ZIARS ) B FA RGP R 58 (open circulatory system), BV SEFR &
PR B Z B AEs B, Mg i DR, 2ad shikik ATF A AR s (L), — et
BB , A Tk FRRCEER R G MUEERRAS, — AL 5~10 mmHg (%
PR 1996) G R G BA MR FIZH 2L (interstitial fluid)Z 53

BHESIY . FELEIT B . ARSIk R SRR R B A FLA B
PG 2 55 (closed circulatory system), BJEJEM—FELEM I ARGt (F5 DAL, 3)
Jik . BN FFK), MR (vesse) TEFR, 5 LUR 5 (FRF R
1996).

B (i) G 2 i (pulmonary )G PR 1 A5 J& B HESI )0 S R Gk R SR
HEPREZ—(E 10-5), SEMRAE S BB —FF, MR, R B
FIWASRIEAR ROt IR A R 75 BRI, B4 8 W (78 KR A 2L 4L N oA T s ik
FER Tk = [8]) B SR A G PR 1E 2R 50 P i A5 R e R =2 A 5 Bl I YR A9 B0 DA BRI 2
FIVEAR A, PEIRRCIAR RIS S A R, o PRl A 2 20 P9 I ()38 55 (Romer
and Parsons 1977),

LB S [LLLES TEFT(%2KERST) I LA 2
Fishes Amphibians Reptiles (except birds) Mammals and birds
e P A
-~ i /
%‘ 'rf-_‘)-./gt.\‘? M
v 7 e
I 1 2 Jo = . 5 P
118155 41 1 425 o) Lung and skin Pl B A R il A A
Gill capillaries capllaries Lung capllaries ~ Lung capllaries

" = == = =
RBAMAET HEBEMMERN R0 RBA N E

Systemic capllaries Systemic capllaries Systemic capllaries Systemic capllaries

& 10-5 HHshPIIEHR RGEM LEE(S] B Campbell and Reece 2005)

Fig. 10-5 A comparison of vertebrate circulatory systems
(Cited from Campbell and Reece 2005)

TE—fBefa 2, HC TEAE B4 LR R SR b g 3]k B 4% 2 20 B 40 i
BT, A S RN AE Y, TR IRLCHT,  ZE R L i A A
PR, I, MmAHEE 3 ASBAMAE R, BREUR— s . TEMSERIA,
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BT IR P A TG PRI, i e.Ofs, ARBINESOCER /M HL, #OT
Zat— UL BRI R, ROERA ARG SRR, g —
ATIPKRFSE TIIKR), Hixd R A BE W TR T2RRR
AFITE SRS, MIBIE PRGOS B — 200t TEmizLae, BmiE
A2 P B ), TS A AR A i e Ok 0T By, B2
— B M4 W (Romer and Parsons 1977),

FEXAEA LA, WA BRI i A28 BUARDE R 0 iR A . AH AR
ek =315 ) A 1 IR BN s (WA S A e = 7 U2 W 3575 o1 F B2 N 1WA = = A 1
WHTONESE Y, 2 KBk NSRBIk, 0BG A SRS 23 888 A0 i 4 A T <A
S, BN 2 % ARSIk ST AR LR E ik, WA I Sk AR L KB
KPR SR 1998) . XU 52 Ao £ 2K K Sl Ik Ay i He I 2 1 T KBk i il
(% 10-2), Sl tE—Pia s 2H B A i 4 1 LA B AT 1K &R (renal and hepatic
portal system)ff , IR — TR

F10-2 BXMMNE
Table 10-2 Blood pressure in fish

1filt & Blood pressure /mmHg

5 Species TR B SCHik Reference
Dorsal aorta Ventral aorta

& & Elasmobranch

ff1% Dogfish (Squalus) 17~16 30~24 Metcalfe and Butler 1982
24~32 28~38 Satchell 1999

EE & Teleost

W% Rainbow trout (Salmo gairdneri) 29~25 40~32 Stevens and Randall 1967

KPGPEEE 8 Cod (Gadus morhua) 29~18 Prosser 1973

4 A Tuna (Katsuwonus pelamis) 85~80 Stevens 1972

Sk B

Antarctic cod (Notothenia gibberifrons) 10~7 Holeton 1970

#1f Icefish (Chaenocephalus aceratus) 17~11 20~12 Hemmingsen and

Douglas 1977
L8858 Lamprey (Entosphenus tridentatus) 32.4~18.4 Johansen et al. 1973
FE N 24 North American eel

Hgh2)
(Anguilla rostrata) 24~28 Butler et al. 2003
5145 Lake trout (Salvelinus namaycush) 34417 45+1" McKim et al. 1999
31.31.0"

X118 Flounder (Platichthys flesus) Warne and Balment 1997

0 Gold fish(Carassius auratus) 28~35% LU 2004

1) ¥4Il Mean blood pressure
2) MHEEITEAEEAE value estimated from figure
3) fil 3= zh kel sk Lateral aorta or gill artery
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R T — Rl A T HESI AR, BN oK SR, AOMEBEAE
SR RE T A i ) T S S IR R i sk

€ 47 2% 3l ¥ 69 ~F ¥ 3l ik Il & (mean  systemic arterial blood pressure) A
15~90 mmHg, H KH57E 20~50 mmHg (Stinner and Ely 1993, Vera and Gonzalez
1997).

NABIIKIALE o2 W v 03 S S KN IR 38 B R B, RS A IRy
IS4 FE (systolic pressure), —A 100~120 mmHg; 7E.0>% &7 5K 3 80 ik & T %,
DEFARIA TSR T 5AK,  BERS B I R FR 75K R (diastolic pressure), — %k
60~80 mmHg(1F F [ 2002), ML AYIILE(FR 10-3) B 2 = T2k,

#&10-3 MHELEhEYME

Table 10-3 Blood pressure of mammals

IfiL 5 "Blood pressure (BP)'/mmHg

. , EhrB S e o
g PR ) T
Animal species Animal number Anaesthesia e 5K =
and sex . . . Mean arterial
Systolic pressure  Diastolic pressure pressure
#: Monkey 14 ASIFRHEE No 159(137~188)  127(112~152)
I Horse 1738 ANIFREEE No 98(90~144) 64(46~86)
43Q ASIFRREE No 90(86~98) 59(43~84)
FHAE533Q  AHRIE No 80/50
- Cattle - ASHRIE No 134(124~166)  88(80~120)
HAE 4 - 157(133~177)
111 Goat - ASIFRHEE No 120(112~136) 56 (43~66)
£32f: Sheep 13 JRERRRIFE Local 114(90~140)
¥ Pig - AR No 169(144~185)  108(98~120)
¥ Dog 13 AR No 112(95~136) 56(43~66)
22 ELHZ4 Yellow-jacket  149(108~189) 100(75~122)
673 B Z 40 Yellow-jacket 134(85~190)
809 [ b 244 Yellow-jacket 125(60~170)
M Cat 5 b Z 4l ek 2 ik 120/75
Yellow-jacket or aether
1918 B IR B B W R TR 129(67~216)
Urethane
2089 B IR B S H R O TR 121(62~200)
Urethane
44 Rabbit 32 SR No 110(95~130) 80(60~90)
K B Guinea pig 8 Lk O L2 77(28~140) 47(16~90)
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1] "Blood pressure (BP) /mmHg

. ; EIL7ESestisill )
LTS . BT - FEE
Animal species Animal number Anaesthesia Wi FikE -
and sex . . . Mean arterial
Systolic pressure  Diastolic pressure pressure
Aether or
Yellow-jacket
J L Rat 124 M 24 129(88~184) 91(58~145)
Yellow-jacket
100 AR No 98 (82~120)
/I Mouse 9 FHH R LAY, £t 119(95~125) 81(67~90)
Urethane or aether
HAE ASIBKEE No 111(95~138)
G B — A 120~170

Golden hamster Yellow-jacket

* SH{H(FEFE) Mean (range)
(51 A MBIk 1989)(Cited from Shi 1989)

T MC SE st iy 25 Rz — R AU g0, ik, WL
WIEARGEA KN . MRS Y IEIR RS TR . I3 W FL B
X MC it 32 s . Xt e AT 7E VY Carurau BEHTHC,  BE TR 9F
I MC & EAUN 0.743(0.167~1.573) pg/g DW Bl K 4ET-(Carmichael et al. 2001,
Azevedo et al. 2002), [fi7Eff = ) Lsselmeer i H A7 4 I i RIS TN A A
MC 8439 nT ik 194 pg/g AFDW Fil 874 ng/g AFDW (Ibelings et al. 2005), 7£H
A Suwa I AT HRE SO AE AR TR R ARt 1) MC & =435I RT3k 297 ng/g
DW Fi1 420 pg/g DW (Yokoyama and Park 2002), AJ A%, AIAEIEE T MC Y
XA EEERME T, BIEEK A A MC &840 4w, 12K Shrid n] DTS,
T AT BE2x 25 ili 26 2L 3 400 (N S5 2 I ) S MR IS R o

Ju. MC XF A5 XU PEY

A BETS YW XUREIEA 43 oA A 25 XU DA A e XU, PE (L T 1) S %)
GRS RGPSy, W5 T E T AR KR s XS P
e FVUN G- . B . Sl WA TR . BREETTEN (R
R AR D) ARV (A ARV RSO SRR RN O R ) A (e
Fr 2004). X HLESAEE MC R XS AN A S50 - ON P b 9 B {E
Ik,
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1. #F®RRE

MC kAR AR B2l POK(FEREN), D E 8 i i AR 1 8 (45
I S EURN B2 BB 58 ) s 3 AN —/INB 0 AR 2o 111 Il 2 S 1 eSS FR A i (dietary
supplement) Mi$& A MC, X EELRAE MR MC % 5 K GE1T B4R 47 4% il (Health
Canada 1999, Falconer et al. 1999), i —FPREIR IR IE—FR K5 A S — L5 55
#9325 #1 H & (Carmichael et al. 2001, Azevedo et al. 2002), M4h, FRE R AR EIH
TR RS FIAO™ SRRl R, 8 b 1R5E), RIRBFRER, 1E
ORI EL I 25 KA b, A B K R R, K™ i ) MC-RR Fl MC-LR
SR, R K SR A MC B R A 25 Z 81 (Xie et al. 2005, Chen
et al. 2005, Chen and Xie 20052, b). i@ id K PRIE SRR MC-LR LT A KT HE,
A MC-LR FEAZ 5 55 45 (Eriksson et al. 1990a). JCEHESh X7 fip bk
MC-LR JofH & (Prepas et al. 1997)8(X} MC-LR A94% il 5 14 1R fIik (Delaney and
Milkins 1995, Metcalf et al. 2002) 1S B 45 RIGHIESS T FIRWLA . SR, —LELt
MC-LR B #i 7K 1) MC R] G i 18 HARAIL ] (™50 2 A 4 i (Kuiper-Goodman et al.
1999),

TG S, T MC 2SR i RART R, MC X AZRRSZ I
B sl s ] SRR TR A e B 2 R R R B A OC, — ek, AR AT
TR KAIE L 3~5 N, AR 45 SR (AR R, e vl R
%% 6~10 > (Falconer et al. 1999),

2. HANFENE

— AU, AR IR S P I T — KT, A A LA RT DL E A A
HEME X B B r R S vige, AL AR FER, 0S5 Je Pk e
ORI, e A s R0 . FE RS R, — B 3RA5 e
DL 7K F-(no observed adverse effect level, NOAEL)B{ A AT W50 7K F-(lowest
observed adverse effect level, LOAEL)KITH BN, 1 H 2175 A& (tolerable
daily intake, TDI)Z#(E B 2004, Falconer et al. 1999), TDI $§ A\ X — B AE A
F W) TR U X e — A rh R %) 67 TS e AT DL Z BN T H AL

R TASE| R Y R TDIE, SPRAEMEOR BN AR, (BRI
X EARNE ,, BANELE . J3—Fikde, WA RS S E R,
ATLAN S 5T k1S TDL, (HEhWIH AR FEa . AU B
PEFFTEZE S, T H SR SE R s L R ] —Fh s i A Rl i R AT REAETE2E 5, Al
n, /NEEMEREES MC-LR % LDso (ERIAH25 6 £%(25~150 pg/kg BW)(Kuiper-
Goodman et al. 1999); @it H B EM)MC-LR JRARFFFIEA S FR /N B
LDso fH 5 5000 pg/kg BW (Fawell et al. 1994), i 55— i R #9/NA BUK LDso {0
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10900 pg/kg BW(Yoshida et al. 1997), ik A (rat)f¥) LDsy & & (Fawell et al.
1994), [R5 18 o 2 g 8 42 R F-(safety factor) e AZb BEIX — AN e Pk -

VP2 RIRBE R (ELHE P 85 2 1HI I i — I [r] U AR MEIR TS 2 08 i Y i 20k
PE LG . MAE—LepF o il PSR IR YR AR Al s 2R, A R i 5
57 B HPAEERGL, S AURBRAERh R T e B R ARSIk B 34k 7 40 b
HIRTERE T, 75 IUPKE BR 122 52 36 % HoAh 254 T 5917 5% (scenarios) Uil £/ {E (Kuiper-
Goodman et al. 1999),

TE FHAMIEY: (extrapolation) b PR A ) FEMEIRIG 25 SR, IR M0 [E 7% BRI AT )
257 VP2 W ER I ST Gov.) SO 1 T S GLp ) BRI L PR K, WvhE
L A MC-LR 1% LDso {5 FUAE 15T B9 LDso (B S 245 DAL, Rz FH i ks
SRR IV S PR VA TR B R AR 2, RIS 1Y LDso {8 BB T8 /s AR
P sEtE . SRR AL RS B DL Pl as AR kil (bioassay), (HARXER T
T O UR R BeA, JLME LR MC(MC-LR, MC-LA, MC-YR #
MC-YM)IRE 73 55 LDso (EAHML, 11 MC-RR 2253 10 £%5, AR MC Z 85
IR A AN TR, SR ARMEAR Hf8 s 13 SR A 285 SRR HEAS [/] MC 1) E R IR P 7 8
2% 5 (Kuiper-Goodman et al. 1999),

R P MR R G IR AKX E 2 s, SEmniiEnZ,
R, A7 e e M OHAE 2 MC SRR si i i) 1z . REEU MC AL xts)
PR SR A 4, AR O A B (USE S R4 MC-LR 1Y
A (provisional) TDI. {HJZIXH-AFRH MC-LR ZME—A T MC, HARERE L
b MC BN, A sk = 5 B4 3% (Kuiper-Goodman et al. 1999, Falconer
etal. 1999), SZfr [, MC Ei#id 70 Fl(McElhiney and Lawton 2005), fEIFZHLIX,
MC-LR A2 a5 & DL AN, = #OASTERAR H ) MC 2 8 (Falconer et al. 1999).

3. WHO # % iy MC-LR &% B+ TDI &

M F AR5 MC A S22k B AR T & W8 0k FH K T 584
(15 A E NLR SRR A R TA/E, HHB MC XA REUE
(carcinogenicity) W UEHE A 2, A ZhPIEIE A BR, IAEM I MC-LR
TDI {E2#f LOAEL # NOAEL, B&L) WHO (1998)f) “/KJEF&mi#hist” (the
addendum to the guidelines for drinking water quality) T ifiiA 038 24 i) 4 4 s AN
FE R F M HE S H 2R A9 (Kuiper-Goodman et al. 1999),

1997 4, 5 BAH LT IR P A9 Bt i AR 25 (WHO 1997)7E
X} MC-LR A 0 SCHREAT 43 M5 iAk, Fawell Z5(1994)F4E MC-LR i o #E i
(7 HEAT I T 13 JE i/ (R EE MR I o B F MC-LR 45 FH(a
guideline value)fi & id K E FEIZ I H0 h AT 4 A FEMR) 5 (55K 0 ng/kg BW
40 pg/kg BW . 200 pg/kg BW F1 1000 pug/kg BW), FE2H/NE BUA MEME A% 15
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A5 AR 2 2P B 2 R I T T A AR T A3 B NOAEL {H M4 K 40 pg/kg BW,
FERER 200 pg/kg BW Fli 4], —2eifibfe /A B P80 MR ME L, ERXR
1000 pg/kg BW FIHE2H, FrA e AR R o AR s B 225 4k, a4
14 R AE (chronic inflammation) , JIF2H if 5 k14 A5 H: (focal degeneration) I 1A i
iR &R UL (haemosiderin deposit); £ A 7 AL BEZH RPN, iS5 A
fitg s 25 T, IS -4 B TORYG B il o S5 B A, B IR B RIS VAR T T B
F/IMELEE T A A o i R 2 B R AR . R TR SR A
FIANZE, FRAHERF(UP)K 1000, FiNASSRA 10, FPalE 58 10, £d2E
(R BT oA 10CHS B Bl = A 518 i M B B0 k08 (1 B3 ), BPAS 3
MC-LR HyIlBt 14 TDIAE A %K 0.04 pg/kg BW.

iX— TDI{E 8 Falconer 55(1994) LU AT 4 | B IR /K Fh i AT i iy
RN EDEGH TR MC AR, FERSH MC-YR)UETH) 44 KM
31 #9 LOAEL {H A4 K 100 pg/kg BW 255 FT k5. %525 H, 5 Skh—4,
B R BRSNS s v B A iR B8 BV A B S TR 280 ng /kg
BW. 800 pg /kg BW Fl 1310 pg /kg BW Y MC (fE5— P34 08 355 LDso #H24
T 100 pg/kg BW), SEBEHFEE 1 44 K5 FrifiE ) LOAEL SH%EK 280 pg/kg BW,
FE PR i 7R 7K P35 BT 0L 403 (R A AT BH Sk 94 20 0055 L R 1T 375 T 48
AR) s FEARMIFIEAE, B —RIEEm ;. AR A s AR /N 1 RO
WS LDso A58 . HPLC 20M7 ARG M BR B i35 (in vitro phosphatase
inhibition assay)ifixZ, HR4E HPLC I () MC AR (Y5 MC-LR e i)
J14 H LOAEL #1474 K 100 ug MC-LR kg/BW ., #fi%X— LOAEL {lFfe LA A
FEETF 1500, 3% —8f 0 B F-0fh . FrNAE Sk 10, FiiaIAR Sk 3(K 4 Hmt i 3
P A2%), M LOAEL %] NOAEL Jy 5(Z T LAARE 10, 2% [E | fERARA
o2 S A 1) 700 i 7 2k T ROR B BRI ASCR 1 R A AN AR B R
#%(less-than-lifetime exposure)’d 10, XFEHES: HIXT MC-LR #yilfafE TDI {6 A4
XK 0.067 ug/kg BW., X M AP AR AYIE(EER 0.04 pg/kg BW)B TR 945
F{H (Kuiper-Goodman et al. 1999).

MK TR MC-LR H LU B R E(P) 9 0.8, — AR AR KB K
2 L, FAUAENRARTE R 60 kg, A4 WHO(1998)H2 H il A 2582/ MC-LR it
S FE R

(NOAEL x wt x P)/(UF x H #f/K )
= [40 png/(kg - d) x 60 kg x 0.8]/(1000 x 2 L/d)
=096 ng/L = 1 png/L
BRI . BroE 2 g RAEE TORKH A MC-LR Frifl, 55 [Fain s
T WHO M4 (B (3R 10-4) 8775 == [RI4 A 5 — M2 19 0.1 pg/L ibx
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#E, Ueno %5(1996) M4k H I AR g W 1 S & PE IR ST 08 L /NI SR K hife s 3
MIATRER R, EEUUHFI<0.0 1 pg/L MbRiE. A N RIEAIE AT 2001 4-00A0
T CETERK ALY L 1 pg MC-LR/L 45 SHE B HI A “ A= 36 Kok Bk
BRI H 7 IR R R E R B R A B R T 2002 4E KA T (b
FOKAEERFRUE) , 1 pg MC-LR/L BB A “ 4 i 20 1 1R FH /K 2K TR b A g
W EHARERRE” o W 10-4 IWATLAE W, fEdsEd RS, SRR S TE
F6 SIERIAA MC-LR o HA7 26 AR XM 8 T 328 B £ 5 vh 9 MC-LR i
HAET, 8 HE K i MC 48 S8

®10-4 ETRROXTERSZEFZNES
Table 10-4 Summary of cyanotoxin health-based exposure guidelines

PR R HAHHK TR A HesZ U BE
Cyanotoxin Organization or countries Maximum acceptable concentration
BF& 2 Hepatotoxin
HAESEREE R MC TR TGS WHO 1.0 pg/L
WIH . Australia 1.3 pg/LV
JIIEEK Canada 1.5 pg/L?
BIPE 2% New Zealand 1.0 pg/L, 0.1 pg/L?
*[E China 1.0 pg/L
LA XM Oregon, USA 1.0 pg/g”
TERBERE R ToAsE, WZBERAERBOK I, BARHAFAENOZA A i FE U
Nodularin No guideline have been set as this toxin is f(?und only in brackish waters, although
its presence should be regarded as a health risk
#RAE i Cytotoxic DRI, ST REAE L dEtE, RUE P 1.0 pg/L
Bk 2 Ig\I; gtf(f)'l)filfilt }%mdelmes; suggested guideline of 1.0 pg/L based on suspected
Clindrospermopsin
#£2& % Neurotoxin
T Anatoxin HEIIETE, KR EIEEE 3 ng/L
No official guidelines, but anatoxin-a has a suggested guideline value of 3ug/L
A1 IRTER Saxitoxin TEE TR, (AR DU, ORI IR R 3 ng AR R/

W E, X —REFAKCF R T 4% FE>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

1) SIS N)MC-LReq, BIARAEREVER/D, H MC RHABS M MCeq, SRFGETT As total
(free plus cell-bound) MC-LR toxicity equivalent, i.e., variants are converted to equivalent MC-LR toxicity and summed

2) B MC-LR (4ifE4MAEN) Total MC-LR (free plus cell-bound)

3) HIE—MEME T Including a tumour-promotion factor

4) FIMEFEE N Algae health food product

(31 A Svreck and Smith 2004, EFEFEK [ ERKABE AP EJ5 2002)(Cited from Svreck and Smith 2004,

with guideline value of China from State Environmental Protection Administration of China 2002)
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