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PERR

., Pearsorrcoefficient  0.643 0.671 0.731 0.778 1
HE .
Sig. (2-tailed) 0.168 0.144 0.099 0.068
Pearson-coefficient 0.853* 0.508 0.804 0.706 0.844* 1

LA

Sig. (2-tailed) 0.031 0.303 0.054 0.117 0.035

W * Fam p<< 0. 055 FEix p<<0. 01



182 KA IR B IR 5 A 5

5 20 %

MC 7EZH 2 1 % i WOR FE 39 1) S8 T H 3045 A
KA H 8 AR MC £ EDI (Estimated Daily In-
take) "R 2 FRR. BT, LA R R i EDI
Yk WHO BLE 9 TDIL, LA B A J2& HLE 1Y e K
AR & 8 A% MM L 2 WHO BLE 19 K%
AERY 30, 8 4F . M HEATHER A I — D RAE N 4
K] F A AR Wi LA fe K& 34. 3 g, B K ] i B IR
W B e KA 9. 76 g.

*2 SASRUTERAZWHEEALKEAKXE. EDI K EDI/TDI

Tab.1 Maximum of Tissues for Daily Intake of One

Person, EDI and EDI/TDI

HA 5 NEER RS () EDI(ug kg™ 'day ' AfATE) EDI/TDI

WL 34.3 0.35 8.8
T B 9.76 1.23 30. 8
4 itie

A K B MC 78 82 Wi A [/ 20 23 v 1 43 A B
A A . SCE A, IFE e MC 5 B (E
B, X5 KOG T B O b IR Y B O A5 R —
B LRFE S MC HE R B B SEL X MC W E
ERE AR5, M Ah, AL P MC & B W R, AR
WFoE o L BAE 9 A A1 10 H 4y SR Ak i op MC
RN TFE X AR A5 R Y Xie X H A Su-
wa i T F B 2k—F W12 Sinotaia histrica 4% 4
gl MC 1) & i oe 45 AR, AR LM, 7E 9
A A 10 H 4y e MC /& iR T 8 H 4y, iX
ATRER BRI 7 7.8 A sk .
JHE R 7 AR 3 R M b MC B — 5 1Y [ il e T 3X
il BE G 15 78 A L2 022 B 2 X MC A &8 4 F% i 1Y fE
J3o o AR GE T8 AT W AT W i Re ) B RN an el 38
Ak — 5T .

M 1A Bl sk AR T 5~10 H fy iR
Wi 20 Arh MC Y & & 5 8 B3R B rp MC 5 i
MG D, AR ER MRS MCIHEES
THALE o MC B i 2 W) 3 IE A DG (r=0. 844, p
=0. 035 ), AR DL K it b MC B9 % 12 5 TH Ak
Erh MC & it R — 2 B IEAH G (R DL ik
WIWUIA B DL e M B b MC R R Z B h
MC & &5 . Chen 50 X 5L 47 5 30 b 12 4%
HA T MC A PE 20 A WS 5 AL 4508 .
A FE v R B i UL IR T 2 4L MC i
5 BB KR i MC i 22 ) 5 25 1 AH G, 13
Wi FF IR AR v MC B & 5 5 7KK B MC W A7 7E — &

FOIEAH G HLAR SC R - O 0. 795, FRATHY AT 5
5 Ame BIWFTEAFAE — %E B9 22 5] Ame 55 K B AE ]
HRAE — & 5 F7 A WA w5 A R E R MC i
Lok MC By A & 3 IEA G HE LA
MC 1 & 5 5K KB MC & 5 R 77 78 A DE 5
TEARBTFE R R W £ 21 21 MC I 2K P 5
AR it MC & i A A S A T, AT e h T
W LA A 1) A o R DA L AR 5 IR E L AT O D
MC 3 i # s B A P ik gt =

IR U MC & IR AE 7 A fei . e
ST T H A D W e oK e A D i R e R N3
HJG3AHA MC&&ZHBEM.9.10 A& RS 1
HARFHAE T BE 5 Bk & 1Y fol 3 K A R 00 O 3l
NG FHL R MC &R A A E7E 5 H L]
AEJE M T E K 3~5 A 5k Rz gk e g
BERCA ] R R R P g MC Bl L D I Bl AR
SRR MRy MC i, HE] 6 4y, i s
PR 22 38 R 7K A6 I 35l ARCBE 86 /K 6 T B 4 THT 1R
KB T H IR e, DR IR WA ZH AUrh 7 A Y
MC & fi e o I P 7E (ol 20 K e 2 R T I Y
KAEAEIRN T R BR B X B Fm A 1 Chen
SEUXT H) K Zhang SR KW 55 BR b MR 4% 41
21 MC & #RF R 0F 58 P A Brdi s

H T 8 K AR B A R R R IR AR R R
PERE MC #7558 . K A9 858 & B MC fE1E K &
AWy UK BR R o R AR 3 T 8 AR S AR
GENJAERE . T MC fEK 7= dh P i & ] % 2tk
SR R TR AR SRS T 3 W i UL PR A
By MC & i 35 22 WHO #7219 Ak 4 H T
FAVFEEAR MC (<20 04 pg/kg AKTE) 1 F5
AT RESE K BN A B B AR B XU . O A
TR H AR A AR B A e RBR B (E Oy Z e
PR AL T Bl . BOR A AR ™ FE R
BRI, I o g X K AR AR MC I

S W

[1] DUY T N,LAM P K S,SHAW G R.et al. Toxicology and risk
assessment of freshwater cyanobacterial (blue-green algal) tox-
ins in water[ J]. Reviews of Environmental Contamination and
Toxicology,2000,163:113~186.

[2] CHORUS I, BARTRAM ]. Toxic cyanobacteria in water; A
guide to their public health consequences, monitoring,and man-
agement| M ]. London, UK E&FN Spon,1999:416.

[3] CARMICHAEL W W. The Cyanotoxins[ C]//CALLOW J A



5 2 3]

SR A o A5« W T A AR T R % 2H 2 0 B R e s S A

183

[4]

[5]

L6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

(Eds. ). Advances in Botanical Research. London: Academic
Press,1997.211~256.
BEASELY V R,LOVELL R A, HOLMES K R. Microcystin-
LR decreases hepatic and renal perfusion,and causes circulato-
ry shock, severe hypoglycemia, and terminal hyperkalemia in
intravasularly dosed swine[ J]. Toxicol Environ Health, 2000,
61A:281~303.
GUZMAN R E,SOLTER P. Hepatic oxidative stress following
prolonged sublethal microcystin-LR exposure [ J ]. Toxicol
Pathol,1999,27.582~588.
AMORIM A, VASCONCELOS V. Dynamics of microcystins in
the mussel Mytilus galloprovincialis [J]. Toxicon, 1999, 37
1041~1052.
OZAWA K, YOKOYAMA A,ISHIKAWA K,et al. Accumula-
tion and depuration of microcystins produced by the cyanobac-
terium Microcystis in a freshwater snail[ J]. Limnology.2003,4
(3):131~138.
FERRAO-FILHO A S.KOZLOWSKY-SUZUKI B. AZEVE-
DO S M F O. Accumulation of microcystins by a tropical zoo-
plankton community [ ]J]. Aquatic toxicology, 2002, 59 (3-4):
201~208.
XIE L Q.XIE P,OZAWA K,et al. Dynamics of microcystins-
LR and-RR in the phytoplanktivorous silver carp in a sub-chro-
nic toxicity experiment [ J ]. Environmental Pollution, 2004,
127.431~439.
XIE L. Q,XIE P,GUO L G,et al. Organ distribution and bio—~
accumulation of microcystins in freshwater fishes with differ-
ent trophic levels from the eutrophic Lake Chaohu,China[]J].
Environmental Toxicology,2005,20:293~300.
CHEN J,XIE P,GUO L G,et al. Tissue distributions and
seasonal dynamics of the hepatotoxic microcystins-LR and-RR
in a freshwater snail( Bellamya aeruginosa){rom a large shal-
low, eutrophic lake of the subtropical China[ J]. Environmen-
tal Pollution,2005,134(3) :423~430.
CHEN ], XIE P. Tissue distributions and seasonal dynamics
of the hepatotoxic microcystins-LLR and RR in two freshwater
shrimps. Palaemon modestus and Macrobrachium nip ponen-
sis,from a large shallow, eutrophic lake of the subtropical
China[ J]. Toxicon,2005,45:615~625.
CHEN J,XIE P. Seasonal dynamics of the hepatotoxic micro-
cystins in various organs of four freshwater bivalves from the
large eutrophic Lake Taihu of subtropical China and the risk
to human consumption[J]. Environmental Toxicology, 2005,
20(6) :572~584.
CHEN J,XIE P,ZHANG D W,et al. In situ studies on the
bioaccumulation of microcystins in the phytoplanktivorous sil-
ver carp ( Hypophthalmichthys molitriz ) stocked in Lake
Taihu with dense toxic Microcystis blooms[ ] ]. Aquaculture,
2006,261(3):1 026~1 038.
CHEN ], XIE P,ZHANG D W, et al. In situ studies on the
distribution patterns and dynamics of microcystins in a bioma-

nipulation fish-bighead carp ( Aristichthys nobilis) []]. Envi-

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

ronmental Pollution,2007,147(1):150~157.

CHEN ], XIE P. Microcystin accumulation in freshwater bi-
valves from Lake Taihu, China,and the potential risk to hu-
man consumption[ J ]. Environmental Toxicology and Chemis-
try,2007,26(5) :1066~1073.

CHEN J,XIE P. Accumulation of hepatotoxic microcystins in
freshwater mussels,aquatic insect larvae and oligochaetes in a
large, shallow eutrophic lake ( Lake Chaohu) of subtropical
China[ J ]. Fresenius Environmental Bulletin, 2008,17 (7A)
849~854.

CHEN J,ZHANG D W, XIE P, et al. Simultaneous determi-
nation of microcystin contaminations in various vertebrate
(fish, turtle,duck and water bird) from a large eutrophic Chi-
nese lake, Lake Taihu,with toxic Microcystis blooms[ ] ]. Sci-
ence of the Total Environment,2009,407(10) .3 317~3 322.
ZHANG D W,XIE P,LIU Y Q.et al. Bioaccumulation of the
hepatotoxic microcystins in various organs of a freshwater
snail from a subtropical Chinese lake, Taihu lake, with dense
toxic Microcystis blooms[ J]. Environmental Toxicology and
Chemistry,2007,26(1) :171~176.

ZHANG D W, XIE P,LIU Y Q.et al. Transfer, distribution
and bioaccumulation of microcystins in the aquatic food web in
Lake Taihu,China, with potential risks to human health[ J].
Science of the Total Environment, 2009, 407 (7). 2 191 ~
2 199.

ZHANG D W,XIE P,LIU Y Q,et al. Spatial and temporal
variations of microcystins in hepatopancreas of a freshwater
snail from Lake Taihu[ J]. Ecotoxicology and Environmental
Safety,2009,72:466~472.

IR R AR, A S KR T R R R S AL
535 HE T A GRS LT ] WA RE 2, 2006, 18(6) : 572~
578.

KOTAK B G,ZURAWELL R W.PREPAS E E,et al. Micro-
cystin-LR concentration in aquatic food web compartments
from lakes of varying trophic status[J]. Can J Fish Aquat Sci,
1996,53:1 974~1 985.

ZURAWELL R W,KOTAK B G,PREPAS E E. Influence of
lake trophic status on the occurrence of microcystin-LR in the
tissue of pulmonate snails[ J]. Freshwater Biology.1999,42:
707~1718.

XIE L Q. YOKOYAMAB A,NAKAMURAA K.,et al. Accu-
mulation of microcystins in various organs of the freshwater
snail Sinotaia histrica and three fishes in a temperate lake,
the eutrophic Lake Suwa,Japan[]J]. Toxicon,2007,49;646~
652.

XA B3RS0, ERE, G TR IYE. BOKRIKSY
(M. dE ot B2 e, 1979,

TR B BT TR AR S K PR AR AL S X Ry ) &
Rtk B 2 2k [T ], W Al . 2006,28(1) . 71~78.
EWE L XACGE B 5 55 TG TC B HE 3h W i 45 4
ARBPEA LT, KA A 231, 2007, 31(4) :590~593

HU C L,GAN N Q,HE Z K,et al. A novel chemiluminescent



184 KA R 5 58 20 %

immunoassay for microcystin ( MC) detection based on gold [31] GERARD C,BRIENT L,ROUZIC B L. Variation in the re-
nanoparticles label and its application to MC analysis in sponse of juvenile and adult gastropods( Lymnaea stagnalis)
aquatic environmental samples[]]. International Journal of to cyanobacterial toxin(microcystins-LR) [ J]. Environmental
Environmental Analytical Chemistry,2008,88:267~277. Toxicology»2005,20:592~596.

[30] SONG L R.CHEN W,PENG L.et al. Distribution and bioac- [32] AME M.GALANTI L,MENONE M.et al. Microcystin-LR .-
cumulation of microcystins in water columns: A systematic in- RR,-YR and -LA in water samples and fishes from a shallow
vestigation into the environmental fate and the risks associat- lake in Argentinal J]. Harmful Algae,2010,9:66~73.
ed with microcystins in Meiliang Bay, Lake Taihu[J]. Water (330 8 P KA B 1A P i (o 3 98 7 3R B FE X A2 4 e 1 ¥ 1
Research,2007,41:2 853~2 864. B LML b5 B 2 1 i 2006.

BIOACCUMULATION OF MICROCYSTINS IN VARIOUS TISSUES OF
THE FRESHWATER SNAIL MARGARYA MELANIOIDES (AN ENDEMIC
SPECIE OF YUNNAN PROVINCE)FROM A LARGE SHALLOW
PLATEAU LAKE,THE EUTROPHIC LAKE DIANCHI,CHINA

ZHANG Jun-qgian'?,XIE Zhi-cai' , WANG Zhi"* ,SONG Li-rong' ,LI Lin' , GAN Nan-qin'
(1. Institute of Hydrobiology,Chinese Academy of Sciences, State Key Laboratory of Freshwater Ecology and Biotechnology,
Wuhan 430072, China; 2. Graduate University of Chinese Academy of Sciences,Beijing 100039, China)

Abstract: Margarya melanioides Nevill,an important economic mollusk,is an endemic gastropod in China,
and mainly distributes in plateau lakes of Yunnan Province. In order to investigate the bioaccumulation of
microcystins (MCs)in various tissues of Margarya melanioides ,the snail samples were collected monthly in
January and from May to Octomber,2008. Microcystins contents in hepatopancreas,digestive tracts,gonads
and muscle were measured with ELISA. During the study period,the average of the MCs contents in hepa-
topancreas, digestive tracts, gonad and muscle of Margarya melanioides were 3. 38+ 1. 90,2 72+1. 63,
1. 2320. 97 and 0. 35 0. 43 pg/g DW, respectively. MCs contents in hepatopancreas had no significant
difference with MCs contents in digestive tracts. MCs contents in these two tissues were significant higher
than those in gonad,and that in gonad tracts were significant higher than those in muscle. The highest mi-
crocystins levels of various tissues occurred in July,and the lowest contents occurred in May. MCs contents
in hepatopancreas and in gonad had significant positive correlation with the total MCs concentrations in
surrounding water columns. According WHO proposed a provisional tolerable daily intake (TDI) of 0. 04
ng/kg bw per day for MC-LR to estimate,considering an adult of 60 kg, who ingests,on the average,0. 3 kg
of snail muscle or 0. 3 kg of snail gonad a day,the contents in edible parts of Margarya melanioides were a-
bove the provisional WHO TDI level, suggesting the risk of consuming Margarya melanioides in Lake Di-

anchi.

Key words: microcystins(MCs) ; Margarya melanioides Nevill; bioaccumulation; Lake Dianchi



