43 2 Vol.43, No.2
2012 3 OCEANOLOGIA ET LIMNOLOGIA SINICA Mar., 2012

cd* zn* (Pinctada

- *
martensii)
( 524025)
Cd2+ Zn2+
cd* zn* 0.030—20mg/L  0.100—20mg/L :Cd** zZn*
(P<0.01); Cd* zn* (P<0.01)
, Cd2+ Zn2+ , Zn2+
(0.100mg/L) Cd** ;. Cd* (0.030mg/L)
Zn2+ Cd2+ Zn2+ (RZ
=0.996, Adj.R? = 0.987, Pred.R? = 0.887, P<0.01) Cd** zn*
| , Cd2+, Zn2+
Q789
, : , 1999)
, ( , 2010),
(Cd)  (Zn) :
: (Gopalakrishnan et al, 2008);
, (Arizza et al, 2010); Cd*
( , 1999) (Pagano et al, 1982)
(Kultima et al, 2006), (Pinctada martensii), ,
(Fernandez et al, 2003) ( , 2010)
, (Brereton et al, ( , 2006; , 1995;
1973), , 2007) (Quiniou et al, 2007),
1 ( (
* , GCZX-A0909 , 2010B020201014

, 2011GA780001 , E-mail: dengyuncui@163.com
: , , E-mail: whh524@sina.com
1 2011-04-10, : 2011-06-23



324 43
2004) , 20.000mg/L, Zn** 0.100—20.000mg/L,
) 1997
, ( , 1998) cd*  zn*
cd*  zn* 3
(response surface methodology, RSM) -1 0 1 1 cd*
! | ™ (1) 4, 4
1, 3 ., 1
(central composite 1—11 cd* zn* 1
face-centered design, CCF) 1.3
cd*  zn* 1000ml , cd*
, , zZn** 1 :
cd*  zn* , 30, 28°C; Cd?*<3><10mgl/L,
Zn**<2><10"*mg/L pH
cd* zn* 8.5+0.2 ZnS0,7H,0 CdCl,
: 1000mg/L ,
1
1.1 , 3:1,
(Pinctada martensii), , ,
, 1 200ml ,
(52=0.5)cm , 50L 2L , ,
3d , ,
( 8:00, 17:30) 100
(Chlorella pyrenoidosa Chick) ,
1.2 cd* zn* :
(CCF), Cd* 0.030—  30min,
F1 KEWKITEHER
Tab.1 Experimental design and results
Cd**(mg/L) Zn#*(mg/L) (%)
cd* Zn
1 1 0 20.000 10.050 44.57+0.22
2 0 1 10.015 20.000 39.58+0.15
3 0 0 10.015 10.050 31.96+1.55
4 -1 -1 0.030 0.100 62.50+1.20
5 0 0 10.015 10.050 29.49+0.33
6 -1 1 0.030 20.000 20.43+1.42
7 -1 0 0.030 10.050 17.53+0.40
8 1 -1 20.000 0.100 17.29+0.24
9 1 1 20.000 20.000 11.94+0.25
10 0 -1 10.015 0.100 21.43+0.60
11 0 0 10.015 10.050 30.40+0.14
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1.4 Zn* ; cd*  zn*
= / ><100% (P>0.05); Cd*
SAS (v9.13, SAS Institute Zn**
Inc., North Carolina, U.S) ,  Cd* (P<0.01); Cd** zn*
Zn** , (P<0.01)
, cd* zn* ; 2.2
Y = by + biC + boZ + by,Cx<Z + by C? + bppZ? + (
b11,C*><Z + by,C=<7° +& ) :
Y ( );C Ccd*, z Y = 63.87—6.34C—7.29Z + 0.2C* + 0.26Z°~1.06Cx
Zn?*: b, by by cd®  zn?* Z-0.02C°xZ-0.03CxZ?
by by c 7t by ,C Cd*, z Zn*
cd*  zn® (buz biz cd? 3 95%
7n2* Zn2* cd?* 33.963, 28.491; Ccd* zn*
- ’ 0 : cd® zn*
ANOVA , (P<0.01)
2.3
= ( 1A) ( 1B) 1
] , Cd** 0.030mg/L, Zn*
P<0.05 0.100mg/L (62.50%);
Ccd** zn* (20mg/L)
2 (11.94%) cd?* zn?
2.1 1A
( 2 (P< 1B cd* zn*
0.01), R?  0.996, Adj. : ,
R?  0.987, Pred.R>  0.887; Cd* zZn* (0.100mg/L)
Zn* , cd> , cd*
(P<0.01); Cd** zn* (0.030mg/L) zZn*
(P<0.01), Cd®
Fz2 HEEWHEESH
Tab.2  Analysis of variance for the adequacy of the model
SS MS F P
2163.631 309.090 110.044 0.0013
Cd** 365.581 365.581 130.156 0.0014
Zn** 164.711 164.711 58.642 0.0046
Cd*xzn** 337.090 337.090 120.013 0.0016
(Cd*)? 3.021 3.021 1.076 0.3759
(Zn?y? 6.790 6.790 2.417 0.2178
(Cd?*)?xzn?* 584.087 584.087 207.950 0.0007
Cd*x(zn %*)? 968.044 968.044 344.649 0.0003
8.426 2.809
5.305 5.305 3.400 0.2065
3.121 1.560
R? = 0.996, Adj.R* = 0.987, Pred.R? = 0.887
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Tab.3 The coefficient estimate and 95% confidence interval
95%
31.227 0.860 28.491 33.963
cd* 13.520 1.185 9.749 17.291
zZn* 9.075 1.185 5.304 12.846
Cd*"xzn? 9.180 0.838 6.513 11.847
(Cad*y? -1.092 1.053 —4.443 2.259
(Zn?"? -1.637 1.053 -4.988 1.714
(Cd*")?xzn? -20.930 1.451 —25.549 -16.311
Cd®*x(Zn?")? —26.945 1.451 -31.564 -22.326
3 NN RN
OO .
AXEXE
31 Cd* zn* Z?).Ozz ::‘53’:‘3::3::5?.‘:‘5;5;9\ = 15.0251 419 67 B\
i;:ﬂ' 3750 20205% OSSN _él) J 3525
fe 2475 ' ) g 10.050} 29.15 1
X 12.00 R ~= &
) 0.100 / KIIRIELS \ 5.075 ﬁ9.15
s 075 \ 0.030 | 3525 o
' % 5.023 40.06 .67
10.0 <70.015 0.100 - . —
Zn?'/(mg-L-1) 15-025 15008 0.030 5.023 10.015 15.008 20.000
20.000%°20.000 Cd*/(mg-L™") Cd?*/(mg-L™")
1 cd* zn* (A) (B)
' Fig.1 Response surface (A) and contour plot (B) of the effects of Cd** and Zn?* on
fertilization in P. martensii
(Toth et al,
1991) (ol i (Gopalakrishnan et al, 2008)
(Arizza et al, 2010; Gopalakrishnan et al, 1 cd**  zn*
2008; Pagano et al, 1982), Cd** , cd** zn*
( , 2000), Cd* Cca*
Ca2+
: : Ca*
: (Darszon et al, 1999), Cd?*
ATP , ( , 2011)
cd* — ., Zn** , Zn**
( , 2003), ,
cd* : :
2
Zn** ( , 2009),
( , 2009) cd**  zn* Cd? Zn*,
(P<0.01); ( , 1995) Cd* Zn**
Cd2+ Zn2+
(P<0.01), 32 Cd* zn*
( , 1989) ,

cd*

Zn%*
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3% ,
, Na* K' Ca®* Mg* 3%
(Martinez et al, 1999), pH 105
(Fernandez et al, , Cl- so,*
2003; Kultima et al, 2006), Cd**  zn** 3%,
( , 2002) Cd**
Zn*
cd*  zn*
(P<0.01);
, cd?* 7n2 ’ cd*  zn% , , , 2010. (Pinctada
martensii) 2
, 41(1): 140—147
(P<0.01) 1 . Zn* 2011,
(0.100mg/L) Cd? : , 28(4): 367—372
cd* (0.030mg/L) zZn** » 1999.
, 18(4): 34—37
7n2* c? , 1995.
n . , 14(1): 10—12
, Zn** , 1989. Zn?* EDTA
cd? , 8(2): 150—155
, ( . 1999), | 2008
-~ o , 23(7): 39—40
! , 2003.
, cd* cd* ,1(3): 170—172
Zn% . Zn?* Ccd?*, , 2010. Cd** (Cyclina sinensis)
cd? , 41(3): 418—421
' , 1998. GB3097-1997
(MT) ' ,15—16
cd* : , 2007. zn** cd*
(Waalkes, 2003), Zn?* , 29(1): 63—67
MT Cd2+ y 1999
i , 1: 40—42
! ¢ , 2002.
3.3 , 32(3): 44—46
, 2000.
,17(2): 67—69
) ) , 2009.
! ,3:4—6
J , 1999.
( , 2002; Arizza et al, 2010) , 21(6): 134—137
, 2004.
EDTA , 23(L):
(2 ‘ 44—50
(P<0.02), ; Arizza V, Di Fazio G, Celi M et al, 2010. Cadmium, copper and
(P>0.05) tributyltin effects on fertilization of Paracentrotus lividus
, (Echinodermata). Italian Journal of Animal Science, 8(2):
Cd2+ Zn2+ 839—841
cd zn? Brereton A, Lord H, Thornton | et al, 1973. Effect of zinc on
n growth and development of larvae of the Pacific oyster
Crassostrea gigas. Marine Biology, 19(2): 96—101
, (1999) , ClI- s0,> Darszon A, Labarca P, Nishigaki T et al, 1999. lon channels in
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COMBINED EFFECTS OF Cd** AND Zn** ON THE FERTILIZATION RATE IN
PINCTADA MARTENSII (DUNKER)

DENG Yun-Cui, WANG Hui, LI Yan-Hong, ZHU Xiao-Wen, LUO Ming-Ming, WANG Ya-Nan
(Fisheries College of Guangdong Ocean University, Zhanjiang, 524025)
Abstract Using the central composite face-centered design (CCF) and response surface methodology, the combined

effects of Cd®" (0.030—20.000mg/L) and Zn®* (0.100—20.000mg/L) on the fertilization rate in Pinctada martensii were
studied under laboratory conditions. The results showed that the effects of two factors Cd®* and Zn** on the fertilization
rate in P. martensii were highly significant (P<0.01), and effect of Cd** was more significant than that of Zn*". The inter-
action between the two factors was also highly significant (P<0.01). Based on the response surface plots, it was found that
with the increased concentration of Cd** and Zn**, the fertilization rate was decreased. When Zn** concentration was at its
lowest level (0.100mg/L), the fertilization rate decreased with the increased Cd** concentration. When Cd®* concentration
was at its lowest level (0.030mg/L), the fertilization rate was first decreased and then increased as the concentration of Zn®*
increased. The model equation of the fertilization rate towards Cd®* and Zn”* was established, with R* = 0.996, Adj.R? =
0.987 and Pred.R? = 0.887 (P<0.01). The model equation could be practically used for forecasting the effects of Cd** and
Zn* on the fertilization rate in P. martensii.

Key words Pinctada martensii (Dunker), Fertilization rate, Cd**, zZn*



