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, , JAIES(-1)+1 Al
, AI=0 ; AI<0 : AI>0
1 ﬁ*‘l’—t‘j B 1.3 #HELBEFpH
N SPSS 16.0 ,
1.1 3% Eﬁ‘*’f’H’ cd*t Pb*"
, 24 48 72 96h LCs
( 4.14 cm+0.36 cm, 0.50 g+ 95% (One-Way
0.08 g), 7d 300 AVONA) Duncan
, 31.0£1, pH 7.8, ., P<0.05 ,
13.0~15.0°C , 24h 1,
, 24 h .
CdCL  Pb(NO), , 2 EREREHN
: 1.0 g/L 2.1 HEGIFH T HER
1.2 SR , , ;
1.2.1 ’ ’
[19]’ ) P
, 96 h (96 h g
) 5 , 4.0 ’
8.0 16.0 32.0 64.0 mg/L Cd* 10.0 20.0
40.0 80.0  160.0 mg/L Pb** , 22 ¥—ZLMFHEE
3 (n=3), 1 , 24h , Cd*
(100 cmx50 cmx25 cm) R 32.0 mg/L ,
> , (64.0 mg/L)
200 , 15% 24h ,
100% ,
; 24 48 72 96h , - 48 h , 320 mgL
; LCso cd* 55%, 2h
(mg/L) 296 h = (64.0 mg/L) 100%
0.1x96 h LCs Pb**
1.2.2 ’ : ;
, 10.0 20.0 40.0 mg/L 72 h
, Cd**  Pb*’ 11 : 5 50% 2h 80.0 160.0 mg/L
, Pb** 60%( 2)
24 48 72 96 h , i ,
LCsp Ccd* Pb**
Marking (201 LCs
S , Cd* 48 96h LCs
: S=A,/A\+By/By; .S Pb** LCso cd* Pb**
. 4, B LCso; ( 3) , Cd* Ppb”
Am B LCs S , cd*  Pb*
(additive index, Al);  S<1 ,41 (1/9)-1; S>1 0.365 mg/LL  2.907 mg/L
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£1 TRRE C'RETHEEAIIT96h AMRRFETE
Tab.1 Accumulative mortality of P. carincauda after ca* exposure with different concentrations
(%)
(Cd*, mg/L) 24 h 48 h 72 h 96 h
0.00* 0.00* 0.00* 0.00*
4.0 0.00° 3.33+2.89° 17.32 £0.57° 53.49 +3.57°
8.0 0.00° 10.00° 41.67 +7.22° 64.17 + 15.07°
16.0 0.00° 33.33+5.77° 64.44 + 3.85¢ 83.33 + 14.33°
32.0 3.33 £2.89° 55.26 + 6.96° 95.83 + 7.22° 100.00¢
64.0 15.00 + 5.00° 63.24 £ 12.56° 100.00° 100.00¢
(P> 0.05); (P<0.05)( 2 4 )
£2 AREIRE PV RETEEAINI6h AMRRETE
Tab.2 Accumulative mortality of P. carincauda after Pb** exposure with different concentrations
(%)
(Pb*", mg/L) 24 h 48 h 72 h 96 h
0.00° 0.00° 1.85+3.21° 5.77 + 5.89°
10.0 0.00° 6.66 £ 2.89% 14.09 + 12.44° 29.71 + 6.18°
20.0 6.66 + 5.77° 8.70 £ 7.78% 17.98 + 4.80™ 41.34 +11.29%
40.0 6.66 + 2.89° 14.33 £3.32° 33.43 + 8.42° 54.50 + 8.57°
80.0 10.00 + 5.00° 29.69 + 3.52° 60.00 = 10.00° 75.00 + 8.33¢
160.0 20.00 + 10.00° 41.37 + 9.46° 78.57 = 10.38¢ 88.88 = 19.25¢

£3 Cd¥. PPHERANME—SHETRER

Tab. 3 Results of single acute toxicity of Cd** and Pb>* on P. carincauda

(h) R’ LCso (mg/L) LCs095%

24 y=2.244x — 1.071 0.624 138.699 89.294 ~ 918.795

i 48 3 =2.905x + 0.729 0.917 33.110 26.595 ~ 43.767
72 y=4.161x + 0.644 0.960 9.719 7.976 ~ 12.034
96 y=4.343x + 1.066 0.905 3.650 0.00 ~ 5.841
24 3 =2.145x — 0.400 0.756 - -

. 48 y=2.120x + 0.549 0.916 254.541 148.159 ~ 764.431
72 y=1.265x + 2.735 0.944 62.750 46.454 ~ 96.743
96 y=1.267x+3.239 0.980 29.074 18.609 ~ 56.858

. (= viaN N
cd** Pb* ¢ 3
101 96 h 3 i
4 S Cd2+ Pb2+
, cd*  Pv*
/- , Cd* , ,
48 72 96h LCs, 21.638 6.563 / .
2.208 mg/L, Pb*" LCs, 54.094 16.408 , Ccd* Pb*"
5.521 mg/L, LCs , [21-24]
, Cd* pp* ,48 72 ,Cd*  Pv**
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0.365mg/L  2.907 mg/L, 0.005 mg/L, Pb*"=<0.05 mg/L), cd**
23INY 5052-2001) (Cd*' = Pb?
k4 Cd”. PVEESRETERAINh AMERETE
Tab.4 Accumulative mortality of P. carincauda after combined exposure with Cd** and Pb**
(%)
(Cd+Pb, mg/L) 24h 48 h 72 h 96 h
0.00° 0.00° 0.00° 3.33 +2.89°
2.0+5.0 0.00? 8.33 £5.77" 12.69 £2.75 44.13 +9.03*
4.0+ 10.0 0.00* 20.00 + 8.66" 27.17+3.18° 79.87 + 4.81°
8.0 +20.0 1.67 +2.89* 35.88 + 14.72¢ 54.60 + 13.51° 90.74 + 8.49°
16.0 +40.0 8.33 +2.89° 45.52 + 14.20¢ 85.61 = 12.92¢ 100.00¢
32.0 + 80.0 10.00" 53.70 + 8.49¢ 100.00¢ 100.00*
x5 Cd'. PVHBEATNESSNHS
Tab.5 Results of joint toxicity of Cd** and Pb*" on P. carincauda
(h) cd** Fe e Pb** S Al
48 21.638 54.094 0.866 0.155
72 6.563 16.408 0.937 0.068
96 2.208 5.521 0.795 0.258
Ccd** Pb** LCs,  Cd* Pb* 96 h  LCs 0.019
( 6), cd** 122 mg/L , Pb**
Pb* , , LCs(122 mg/L) , cd*
[s1 cd** 48 h LCs,  Pb*
1.930 mg/L; (4] cd* 96 h
LCsy 0.286 mg/L; (3] cd* , pH
Pb** 96 h  LCs 0.161 ,
1.917 mg/L , (121 Ccd*
48h LCs, 1371 mg/L; (9. 26] ,
[13] cd** 96h  LCs ,
0.020 mg/L; (7 1
£ 6 Cd*'#0 Pb* 3 JLFHER 2 LCso(mg/L)HY L3R
Tab. 6 Comparison of LCs, (mg/L) values of Cd** and Pb>* on different shrimp species
24 h 48 h 72 h 96 h
cd* 138.699 33.110 9.719 3.650
cd** 2.22 1.930 - - [6]
cd* 2.101 1. 065 0.411 0.286 [14]
cd* 2.679 0.625 0.250 0.161 [15]
cd* 5.315 1.371 0.414 - [12]
cd* 0.039 0.028 0.021 0.020 [13]
cd* 0.038 0.022 - 0.019 (7]
Pb** - 254.541 62.750 29.074
Pb** 13 .750 13.750 9.583 1.917 [15]
Pb** - - - 122 [9]
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’ [32] cd*
Pb**
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Pb** 48 72 96 h  LCs
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Pb2+
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Abstract: The presence of heavy metals in the coastal environment has been of great concern due to their
non-biodegradable nature. This study aims to investigate single and joint acute toxic effects of Cd*" and Pb** on
Palaemon carincauda and provides the basis for the water quality management of aquaculture. The effects of dif-
ferent concentrations of Cd*"and Pb*" on P. carincauda within 96 h were investigated by using the semistatic acute
toxicity test. The results showed the following: (1) The 24, 48, 72 and 96 h median lethal concentrations (LCs,) of
Cd*" on P. carincauda were 138.699, 33.110, 9.719 and 3.650 mg/L, respectively, and the 48, 72 and 96 h LCs, of
Pb*" were 254.541, 62.750 and 29.074 mg/L, respectively. The 96 h safety concentrations (SC) of Cd*" and Pb*" on
P. carincauda were predicted to be 0.365 mg/L and 2.907 mg/L, respectively; (2) At a concentration ratio of 1 : 1,
the additive index values for Cd*" and Pb*" were 0.155, 0.068, and 0.258 during the experiment time of 48, 72 and
96 h, respectively. These results indicated that Cd** presented higher toxicity toward the shrimps than Pb*". Joint

toxic effects of Cd*" and Pb*" demonstrated synergistic effects during the experimental period.

(AX %4 85 %)

Marine Sciences / Vol. 41, No. 5/2017 33



