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E: T REAM Y (Crassostrea sikamea) 2 58 T AR BTE M (0. 50, 100, 500, 1000 1 5000 mg/L)& b 15
d J&, TPB 2 i B 3 T K IR 15 9% 15 d, SRERALIR (75 %, Kl aE 22 vh Na'-K'-ATP fiff . #E kY
7 AL (SOD)Alid S AL S B CAT)IE PEAE 1L . G40 DNA #5305 E AALA Fh RNA/DNA HRA L, B b4
Wit sgm . 25 SRR, B REIRAKG, AT B DR B X WA A7 15 2 LT Josg i, R Y =200 BT R B = 500
mg/L i}, fifl#2rf Na'™-K™-ATP Jff . SOD Ml CAT & P J-if i RAI%, 8 240 A v JF 46 00 29 B &2 1) DNA 453, Sz ik
B A AR Y RNA/DNA - FE A0 8% B8 20 B 08/ N(P<0.05) . X B2 45 22 i AK 85 97 15 d s, Wil 4k
AL bR A —E R KR, (B AR E 25 B 4L R e B B D A A 7K o mT UL, 558 v K S B4 o U o b 4

H B 7 HE B AR, M LA A ST B AR AR A SO E A BEA A A PR 25 2R, (R T A K B

SRR L RE HE A 7 B S B v 38 A S

KR B, REALWE; G TE; DNA #14; RAN/DNA L%
X EHS: 1005-8737-(2012)01-0138-07

HESES: S93 MRS A

ARk, HRWE TRH G2, i 174
(A VD DA B R 8 3 1 Vg RS T AR ) P A 7 55 3
S R T SR U VR BE S RIS I . iy b
AN 2 W 35 K B L Ak M i A R
WX KRB ERE . ERK BEts
PSRl W -1 (LS [ AN B 11 i e b =S U 1A
k#) 3 g/L FfLk 96 h B, fEkBKEE (Nannochl-
oropsis oculata) 1 5 & ffl BB (Chaetoceros muel-
leri) 4 S FRAL 20%~30%1, 8 4R 2 4
(Brachionus plicatilis)}i =W P ANA 7~9 mg/ml 5%
VDR, HIFRE P B KR B R B bt
R BRI e ) I AR, AR R i A
FERT o ABOCHON, . WEBCRON FNFT A5 3 28
14 RO SR, BvbXHES | EFEA
I (BRI AR /b . F = 5P R
kIR Hp AR G B (Eroicheir sinensis) &AM F 7R
B BREORIBVDHE R T 500 mg/L 0 H
AR EXF U (Marsupenaeus japonicus)ff UM%, S 2

It HER: 2011-05—-13; &iT HHR: 2011-07-12.
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U E R REAR S WG (Crassostrea sikamea), %514
W BB R R VD TR A 0, 76 A SR A
AR T ISR S5 d, Pk K/MEIEGEK 4.0~4.5 em,
5% 1.5~2.0 cm, {KFiHE 5.20~5.30 g). f@EEAYA
A F 5

il £ B VD AR RS V8 kYT 1 K S TR A
BRI SIIG T, SR LS RLEE U MR U RiAR 2
L, V8RR E TRk (He) M (As) & &, J+
WS E S (Cu) . BE(Zn) . HH(P)FIFR(Cd) &t
1.2 XWEE

R0 % B AR B R B R
AU TR RUKAR . I KR R pue
G RE 1) Rl KA RAET R 10 L, ki
B, A —ARHm el LY 50 v Ui, A
Ak A VLB . WABE AR 2L, 2
KT, TEBAESMEM 0.5 cm, T A AHEEZEK
FAE, MR R AN R ag, W E R 2
AW R I /INTE o 78 AKH N T i — A Y
WOKEE, MR RM—AH OEF, XL
SEEIVETS o TEKFE TR E — A, (T
ek IR

B e s A
1. RflKAR; 2. PIAE; 3. HIZR 4. TIORITEOKER, 5. .
Fig. 1  Sketch map of experimental equipment

1. Water tank; 2. Inside shell; 3. Electrical wire; 4. Mini
submersible pump; 5. Heating rod.
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RIS R UE B SR KSR R 22, SC ]
KIRAEAE N 20~23°C, pH N 7.96~8.04, Vfi4A
(DO) Wy 8.02~8.20 mg/L., HCH#iTE 1> Rz I,
JAWIh 15 do BIPuk BB A 0% kT
B). 50, 100, 500, 1000 F1 5000 mg/L, %y

FER 3 A FATd, R 2 20 K, HfK 2
W, B AT N IR R, A S —A- sk
T U K FE v, K S B W w38 (Platymonas
sp.), BEHEEZ) 107 cells/mL . £ K MELH WG 1 E T 1%
W, M BHEBRFET-AMA. 15 d IRl FEHLREL 5
SRR, i oy B B AL, AR K R e
FTHAE T RARAZIE . REH S AR R
()4 07 3 ) e B 22 i K R A TR A SR g, A
WAl 15 do IR K FIE, DL SEe 4
IF SR A 34 5 2 5 i AH [
1.4 Rz thfgiER N E

WG 22 o Na =K -ATP i | #5801k i 1k i
(SOD) il 3t 48 1k L i (CAT) % M 6 ) 44 % 1 i ot
AR TR S i A R, AR E
Pefi it A5 94T . Na -K -ATP [l i P 2037 24 wmol
(Pi)/(mg-h), SOD Fl CAT i1 #1437 & U/mg(prot).
1.5 AR RNA/DNA L ZRE

208 Buckley 45 Uy Jy g R BUH WE L %
PRI, H 751 BRI THNE Ago 1H,
JFiHA RNA Bl DNA {55, 5K i RNA/DNA R,
1.6 #2418 DNA R {5E

2 Tse U0 05 150 45 4 005 608 22 PR 40 i B
W AT E B 50 (Comet  Assay), ¥ 2 41 Jig % H
Kinetic Imaging Coment 4.0 B 44041, srArfats
[ Hi 2 2% (Comet cell rate)dh, 4K HHE Lee 28 1y
RE B K (Tail length) A1 % (Tail moment),
1.7 #ESW

FIRATEAR L 3 A PA T B ) S bR o 22
(X £ SD)ZF/R, i SPSS 13.0 B BEAFALFE, R
HLR R 257 F1(one-way ANOVA)FI Duncan Ft%5
A A AT R 22 57, 2257 WETE N 0.05,

2 ERE5HW

21 BPHNENEEERE

SEH AT &V, i CRLAE 63~250 pm) i
37.3%, PRIPCRiAIE 4~63 um) 5 49.9%, &+ kit
<4 pm)fi 12.8%. FE4JE Cu. Zn, Pb, Cd, Hg
M As FHANIER 1R, R AT, Hls BV m
JEle b 4 S A A B K — R UTRRI AR I,
AR A A R EE



140 o il K 5 B 2

$19 %

*1 HERIHKERETPECRERE
Tab.1 Heavy metal content of experimental
suspended sediment

mg~kg71
Heliok i Cu Zn Pb Cd Hg As
data source
ABETE 1702 4370 526 018 0.0 692
this study
b 35.0 150.0 60.0 0.50 0.20 20.0
standard

VMgV UL B BRI (GB18668-2002).
Note: * Standard of marine sediment quality (GB18668-2002).
22 BibEME THERMFEER

VD BRI A5 U A AR AR AT G PR, B
U AR B XG0, FE TR R 22 T e
VORI 2, IR LE Y2 A R R, &b
A B 28 0 15 4 2 R AR BRAR B PR AR T —E R
M o fH A2 V0 X A W5 1 A 35 8 (8] 2) 30 T I8 35 52 i
(P>0.05).
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Fig. 2 Survival rate of Crassostrea sikamea after 15 days of
exposure to suspended solids

2.3 HHURERLL hiEgiE T

M Ak VD 7 i S0 4 o SR AR A A4 WG i 22
Na"-K'-ATP [if . SOD F1 CAT & M54k (& 3)n] LA
F i, XF B4 I BE (<500 mg/L)% Vb 4H i 1 1
JLAEAL, BID T EE IS 500 mg/L I}, CAT Fl
SOD P& 1 I i 1 25 B AR (P<0.05), MWk =
1000 mg/L B, BEIEPERERIRE AR S . 22 0 Hr 3k
B, IR (1000 mg/L F1 5000 mg/L)%k Vb4 7] fiff
TV 25 BN 2 (P>0.05), 18 5 X6 BE 20 T o i
B AR 2 57 B2 (P<0.05).

AW 15 d KA SEE T, X BEZH AR
e (<500 mg/L)E VP4 Na'-K'-ATP fifi . SOD FI
CAT i JC I B A8k, WREE =500 mg/L 2 VD4
WA —E B E N T, (AR 2% IR

FIGH FE (<500 mg/L)E VP2 (K 7K o 5 4 EE (1000
F1 5000 mg/L)EV0H 55 % BE 40 ARk B B v b 2z
5] B S AT 22 57 18 2 (P<0.05, #] 3).
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3 itz Na'-K™-ATP fiff . SOD Fl CAT {2k
TR /NG P R R B 4 B LY 41 B 22 5 B2 (P<0.05). A
[R) KRB B/ Mk B S 56 201 8] 22 53 (2 35 (P<0.05).

Fig. 3 Changes in Na'-K"-ATPase, SOD and CAT activity in
gill filaments of Crassostrea sikamea

Different small letters donate significant difference be-
tween groups in suspended solid exposure trial(£<0.05).
Different capital letters donate significant difference be-
tween groups in recovery trial(£<0.05).

2.4 HHFEANLAI 1 RNA/DNA tE R34

HE 4 WL, BV REESLIRAE S, X R
i H& BE (<500 mg/L) &k Vb 21 AE AN 41 05 LA
RNA/DNA I % 35 >2.80, 4% 41 0] 22 % A~ B i
(P>0.05).500,1000 F1 5000 mg/L 2 7P4] RNA/DNA
FRBHTR/ N, 43 50E 2.34, 2.04 F1 1.73, S5XFA
Y AMICHR B B VDAL ) 22 57 B 2 (P< 0.05) 23 )5
2515 d IR SE I, iR =500 mg/L 2P 4
RNA/DNA [ EA —ERERN EI, ARIRE
S5 FEZH AR BB VDAL /KT, 50 BRIk
FERUD L RT3 25 7 1 3 (P<0.05)
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o BV RFEIIE exposure to suspended solids
B R4S recovery

361 2 a ., aA
B
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BUPFEWRYE / (mg L)
suspended solids concentration

Kl 4 4LuEHLA ' RNA/DNA H 328k
ANNRIING P R B v 2 B SR 2H W) 22 SR 835 (P<0.05). A
[R5 S B N IR O S 5 281 1) 22 7 W 35 (P<<0.05).
Fig.4 Changes in RNA/DNA ratio in muscles of Crassostrea
sikamea
Different small letters donate significant difference between
groups in suspended solid exposure trial(P<0.05). Different
capital letters donate significant difference between groups in
recovery trial(P<0.05).

RNA/DNA ratio
RNA/DNA [t %
(=) — (3]
Ne) [oe] 3

o
=

2.5 HUFERLHAE DNA %

RSO LER(E 5)BoR, 15 H 40 4 R
53 DNA EREE TR FEA ML N, Zm Ik,
TEEG R T 4% 1) DNA 2 —ZU% i IRE .
I DNA 32 231475 DNA #E 2K AW, 7=a4:k
/NA—[Y) DNA Wikt i, e 09/EH T DNA
(R BT B B 23 1) PEAR GE RS, T AN [R] R/ 1) DB
R RS B B R, R el P AR AR B — Y
FIM%, BN, SRR R . BKM
FEAEBE DNA $ 52 AN [F] AN [A] o

IEH AN
normal cell

HE AN

comet cell

Rl 5 s L8 24 i [
Fig. 5 Typical cells of the comet assay

HE 6 AL, BUbRREE LA T, X
FMIEH BE (< 500 mg/L)&: V>4 DNA #5145 45 $5 hn (e
B BEMER)EMAAY P > 0.05), 500,
1000 1 5000 mg/L =V S A8hn% 4 FIF. Mk
JE(1000 A1 5000 mg/L)se: b 2H 5 % B8 20 A e
BV RIS FR bR 22 5 3 (P < 0.05), Z A4 W%

15 d KB L5, B =500 mg/L & 1P4
iR, BRMBEERAG —EBEN TR, A1)
AR I B0 REZH A B B VD A 17K o 1000 N
5000 mg/L Vb2 55X RE ZH IRk 5 8 v 4 R) A%
B 25 55 5 2 (P < 0.05),

45 ro BRI exposure to suspended solids
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Ko AHHupfianipi e, BRKAMEHE LK
ANTFINE R R B B 5 L0 A [ 22 5 {3 (P<0.05). A
[ B B 2R 1k 5 S e 2 18] 25 53 (B 25 (P<0.05).

Fig. 6 Changes in comet cell rate, tail length and tail moment
in cells isolated from gills of Crassostrea sikamea
Different letter shows significant difference (P < 0.05). Differ-
ent small letters donate significant difference between groups in
suspended solid exposure trial(P<0.05). Different capital letters

donate significant difference between groups in recovery
trial(P<0.05).
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FERRTE 20 (iU SRR B (>33) B A
(<20), B 704 d5e iy 7K Il A PEARL 2 5 i v A IR,
05 1) £ Rt T AR LAY, Wallace 5 UTESY
f& o, AR KR W oK 5 #5FL B3 DL (Chlamys  is-
landica) W) A= K 25 5 32 402 W K AR BURL TS ALY
(PIM)F1 POM Z FeFTolesE, PIM R HA K HAT
ROV, BEAEM . BEL B WA Z IR R (PAHS)
AT 23 I 250 i A s 6 R T A B 2 S DR 3 il R
Guih UL BB AE A = T S8 (TBT) MIFE
BEU R Ty (NP) 55 25 3 S0t W 5 248 i 0 o o4k £
A A9 DNA $45 2021, Beah, K3 . KB . R
A 5 TR R A DR 2R 0 g 1) A At 5 AT 2
IR P2 SR, FEAR ST b, R R R
Bk, TR K RN AR B S B A2 AR K A
UK T RAF, BV ESRH . BE . AT
L SRR AR B T DR T 1 5 —
RAREGR 1), bR T vE il K8 K
FRHEIX o R, D vk BT Ko 2 88 i St [a) 2 At
FE RS A A K ) T
3.2 ZEibEME TR
REAHL WG & T O vk D12, HF R ik i 4%
SR, SRR s kA . R
Fe Sk, oK A B bk B e, BEAE
UE B R AR Ay RS B DR VD R T B R,
B e DR DIRE R B, AT S 0 1 A BRI RE
R, BHESEPE, IRIREIF Y XHIE R
551 Ul (Patinopecten yessoensis)i) 72 h 2 EEFERL
oE AN, {H R R B AR R ) 6 LA AR 5 1) 8 PR B
YEVEFH . Cheung ZEPHHIESE, A [AIHREAR G il i) B 70
S| EIGZR0G U (Perna viridis)S8 4 ¥R 45 A0 FEFE 1
PROLANTE] o T D, Ak U A %of DL SIS ) 458 45
B SR B FORAR A G R . TEADFSE
BV RBEIREAR, WERE 5000 mg/L &
VDX RE A W A7 15 22 IR T B 2 w2 e (1] 2), {Ha# i
fife i) S B, 8 22 1 78 B ) U8 U0 UL Bl Ak v Ak B vk
JE RIS I B B4 22, UL VDAL B 2 X A
(9 1E A BEAR B0 7™ AR T — 8 RS2 IR, X 52 i
i i 22 P T P 2B A (& 3) . UL RNA/DNA

bRk (B 4R DNA #1455 6)15 LALE
S, MRV REWEE 500 mg/L B, 2z
Na'-K'-ATP [iff . SOD Hl CAT &P TF i i 3 PR A
(P<0.05), 21 b Gi A5 D0 21 B 552 /) DNA 51477,
S W A= KR B LY RNA/DNA L3R4 B 1
/e RNA/DNA L2 — S REAE B L S i A= )
BRAEE ShHE AR, AWK S RNA/DNA
oo 2 ) B % U0 B IR AR e HED P L R
RNA/DNA  H 3/ Nt B vk B2 2 v Be 4 i 400
A, HEUA AT RS B T KA g Y B b
2y B 3 A AR 2 0 7 e R RE R A T AR, 0
DB R B O T R VR R TR R 1
LT, TR A, FEARUE K AT B 1k U
Wik 22 s B PO L, SRR R R IR B 4
i —Fh s P
3.3 BibEMEHEKRHHRRNRE

TE B R, TR TRMR T KR
WA I, DA BOK IR B BOE T L U R 3T
R A, 2 U0 X 7K A A 0 14 Uk 38 R ) 4 32 37
Ko FERVAEIHER LG, BRI F 2tk
W S A BB SR AR /D . Tse 21 H3H, 10 d 1Y
BV R S FERH A Bt (Epinephelus coioides)
it JIEE A0 DNA #i45, (HZin4h bkt s
Z I E KT 10 d 5, DNA Bi45REVK & Z8 %) BR 2H 7K
Vo BRI, ARSI, WA =500 mg/L &b
P2 AL 15 d WK E SR, 6z
Na'-K'-ATP fiff . SOD F1 CAT it 3)FIEA
() DNA #5055 (El 6)iA —E e IR, (BATARMK
52 B B NI e BB VDA A /K 3% 5 Shin 25128
MBI FESE AR —2, TR (1 200 mg/L)H
24 2 )5 FR G U1 (Perna viridis) 7% 2 11546 K
H 14 d 5 IR TC W] AR A o XD R A R S8 4
WA, Shin PSSt W A AR, WX
s A, AP LA RNA/DNA T
RINASE(E] 4)1E DB T SRR
34 DFESSEFEIRERESIMEM R PR

AL R, B K B A D A8 X A 5
VA 77 HE BT 52 0, AR R A2 AN R A 4
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FRANAEIS (] 2) 3 AN REAS AT S TN 245 51, (H
M K A iR 22 Na™-K'- ATP [iff . SOD #I
CAT &1k B4 DNA #5145 LA H RNA/DNA
FER A AL, Wt fE b g R i S e B Vb 3t A R
i, R ELUESE, S 58 FF4 . it
. WS 6 AR A R Ak 45 T A B AR A AR
[l Na™-K-ATP i, LA HLIARSTSE AL B0 2 45
() SOD Fll CAT X & FLAH| K Z 1 38 BUS AR
5, ELRCAEREEREERPEANY | A B ARSI IS ek
W4 R R Y 1 2 i DNA 8 A
RNA/DNA RV AEYIFR Y G5 A T3
B IG5 Yt K A A W ) B AR R R op B 1
M, HE BT A B L A K K S
Juii il i (ol K BibriE ) (GB11607-89)H1 ¢
TR R T — 3, HopR o (A i — B i v
TR, BN AT 10 mg/L,
M Y iR FICER G, ANEx e gF . Dl
KA FEW . R ZR, I TAEEE
TEAT 2 7 400 3 B 118 e M 6 A8 2 IS e 45— A
IEAMEIRAE S . AP A5 R UL, REAS 45 H.
BN ZEE T, BWWEERZE 5000
mg/L X HAF I R TE . tbah, HAbiFs
2E AN VT4 W5 (Crassostrea rivularis) 96 h JIK{E
BIRYEEE W E K 627.17 mg/L Y, 96 h A tk#
PRSI 5 e Sk = H LR (HDTMA) AT Lk
PERE - AR A ALES (PAC) TCHL MR - X K4
Wi (Crassostrea gigas)HE D1 1) 2 B0 e B 43 5 Ry
4 620 mg/L #12 670 mg/L BV, iR pvk B
i (oK bR UE ) AR ERRAE .
PERT L, an SR AESE bR TAEH R FAEIAE G R 2
RO BE X FE 1 F A A TR 2R TR R, B SR
BRI B AL TR R . L, SR T AR
SR SO (AR 20 32 3 A R R 2 — A%
AR . ARG EE R UL, R R Vb A P 2
oA 7 2 X TR AR 2 I KT, s B A
(AR K, ARG ) S 1 AT ] BE 3 S0E T
B2 R, AT I 1k — A o A TR 0 o ) 32 45
AW IR A S, IR o A S A4
FRAEFREE 30 Fp i 0 R, D A v s 5 U5 BR
BRI RN BRAR (L 5 2 ARl A B o
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Damage and recovery in the Kumamoto oyster Crassostrea sikamea
stressed by suspended solids

LI Yun, SHEN Anglu

East China Sea Fisheries Research Institute, Chinese Academy of Fisheries Sciences, Shanghai 200090,China

Abstract: We evaluated the effects of suspended solids on the survival and physiology of the Kumamoto oyster,
Crassostrea sikamea. The oysters were exposed to 0, 50, 100, 500, 1 000, or 5 000 mg/L suspended solids (SS) for
15 d then returned to clean seawater, without SS, for 15 d. We monitored survival and measured Na™-K"-ATPase,
SOD, CAT, and DNA damage in the gills and the RNA/DNA ratio in the muscle tissue. There was no difference in
survival among the groups after 15 d. Na'-K™-ATPase, SOD, and CAT activity and the RNA/DNA ratio were sig-
nificantly lower in the groups exposed to =500 mg/L SS after 15 d. Furthermore, there were obvious signs of

DNA damage in these groups. We observed some recovery in these indices following transfer to clean seawater.
However, recovery was incomplete and levels did not return to those of the controls. Our results suggest that these
physiological and biochemical indices may be more sensitive than survival as indicators of exposure to increased
SS in C. sikamea.
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