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Fig.1 The changes in body color of A. japonicus juveniles after acute Hg?*, Cd?* and Se** poisoning
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Cd*=8.732mg/L . Se* 0.740mg/L , 48h
, 24h 50% . 72h 29.2%; Se**
Se* , Sett= 3.100mg/L 24h  14.7%
1.500mg/L 24h , 48h 48h 100%,
50% Se** , Se* ,
Se**=2.300 mg/L , 24h , 48h
100% Se** 1 . Hg*
F£1 Hg™. Cd*. Se"HAlSMBmaEH Cd™ se® »
Tab.1 Acute toxicity of Hg?", Cd?* and Se** on A. japonicus juveniles (x) )
(%) LCso 2 2
(mg/L) 24h 48h 72h 96h , 3 ,Hg*  LCs , Se**
Hg?* CK 0 0 0 0 ,Cd*"  LCsg .3
0.075 0 0 0 8.3 Hg®"> Se**> Ccd*
0.087 0 0 16.7 375 29
0.100 0 125 29.2 66.7 221 Hg” Cd®* se*
0.115 0 208 58.3 79.2 Hg?-Cd?  Hg?*-Se Ca?-Set
0.135 0 79.2 83.3 100.0 11 |
0.180 25.0 85.4 100.0  100.0
0.240 18.8 100.0  100.0  100.0 N 3 ”
0.320 54.2 1000 1000  100.0 ' Hg™'-Cd ' 96h LCso , Hg
0.420 625 1000 1000 1000 0.1075mg/L, Cd** 2.9135mg/L; 24h 48h 72h
0.560 91.7 100.0 100.0 100.0 96h Al )
cd? CK 0 0 0 0 Hg**-Se** , 96h LCsy , Hg*
2.432 0 0 20.0 30.0 0.0470mg/L, Se* 0.8309mg/L; 24h 48h 72h
3.232 0 10.0 30.0 40.0 96h Al ’
4.232 10.0 20.0 30.0 40.0 Ca?*-se* , 96h LCy |, Cd?
;‘Zi igg 222 zgz :gg 2.3915mg/L, Se**  1.5557mg/L;  24h 48h 72h
6.532 0 40.0 65.0 70.0 seh Al e o h pe s
7.532 10.0 40.0 70.0 80.0 e » Hg™-Cd Hg™-Se
8.732 60.0 70.0 70.0 100.0 ’
10032 80.0 9.0 1000  100.0 222 Hg* Cd* se*
se* CcK 0 0 0 0 Hg?"-Cd**-Se** 1:1:1
0.480 0 0 4.2 12.5 , 4
0.640 0 0 16.7 29.2 4 , Hg**-Cd?**-Se** , 96h
0.740 0 0 29.2 50.0 LCsy , Hg®* 0.0457mg/L, Cd** 1.2577mg/L, Se**
0.840 0 8.3 333 62.5 0.8079mg/L; 24h 48h 72h  96h Al
0.980 0 8.3 375 75.0
1.120 0 12,5 50.0 95.8 H? -Cd?-Se™ |
1.300 0 29.2 100.0  100.0
1.500 0 417 95.8 100.0
2.300 125 95.8 100.0  100.0 3
3.100 14.7 100.0  100.0  100.0
4200 235 1000 1000  100.0 3.1 Hg®* Cd** se*
5.600 58.3 100.0 1000  100.0 , Hg** cd** se* 96h
CK LCso 0.0912 4.6433 0.7413mg/L, 3
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Tab.2 The regression of acute toxification of three poisons to A. japonicus juveniles
(h) R n P LCso (mg/L) LCs fn‘:’;/;l_)
Hg* 24 y =3.0927x + 6.4957 0.8990 5 <0.01 0.3351 0.2349—0.5303
48 y =9.1341x + 13.0760 0.9248 4 <0.10 0.1303 0.0972—0.1746
72 y =10.3524x + 14.9319 0.9944 4 <0.01 0.1100 0.1032—0.1180
96 y =11.7055x + 16.9582 0.9816 4 < 0.02 0.0912 0.0892—0.1006
cd* 24 y =4.8701x + 0.3080 0.7514 7 < 0.05 8.9312 7.7096—12.1854
48 y =4.4433x + 1.2349 0.9227 8 < 0.001 7.1196 6.2125—8.7567
72 y =2.5517x + 3.0041 0.8265 8 <0.01 5.9271 4.7945—8.3545
96 y = 2.4243x + 3.3969 0.8724 7 <0.01 4.6433 3.2084—6.3005
Se* 24 y =3.2699x + 2.5232 0.9037 4 < 0.100 5.6796 4.6785—9.7827
48 y = 6.7966x + 3.8430 0.9469 6 < 0.005 1.5161 1.3972—1.6868
72 y = 6.6165x + 5.2377 0.9372 8 < 0.001 0.9464 0.8141—1.1056
96 y = 7.0383x + 5.9474 0.9777 6 <0.001 0.7413 0.6805—0.8003
%3 Hg”. Cd”. Se"ZnREVNASHSHHEHHE
Tab.3 The joint toxicity of binary mixture of Hg?*, Cd?* and Se** on A. japonicus juveniles
LCso 95% (mg/L)
A-B (h) An Bm A
Hg?*-Cd*" 24 0.3481(0.3153—0.4075) 9.3580(8.4816—10.9486) 2.0864 1.0864
1:1 48 0.2564(0.2309—0.2892) 6.9036(6.2204—7.7817) 2.9371 1.9371
72 0.1586(0.1396—0.1895) 4.2817(3.7736—5.1083) 2.1635 1.1635
96 0.1075(0.0988—0.1251) 2.9135(2.6793—3.3816) 1.7643 0.7643
Hg?>"-Se** 24 0.3148(0.2705—0.4085) 5.5656(4.7824—7.2216) 1.9194 0.9194
1:1 48 0.1866(0.1626—0.2364) 3.2989(2.8748—4.1810) 3.6077 2.6077
72 0.0848(0.0729—0.1058) 1.4992(1.2886—1.8694) 2.3549 1.3549
96 0.0470(0.0433—0.0506) 0.8309(0.7659—0.8947) 1.6176 0.6176
Cd**-Se** 24 8.8459(7.9311—10.2934) 5.8153(5.2115—6.7712) 2.0143 1.0143
1:1 48 4.8780(4.2313—5.7765) 3.1951(2.7678—3.7894) 2.7925 1.7925
72 3.1925(2.7471—3.8077) 2.0837(1.7899—2.4902) 2.7404 1.7404
96 2.3915(2.0601—2.7021) 1.5557(1.3376—1.7604) 2.6137 1.6137
®4 Hy”. Cd”. Se"HEMHSHSHHEFNHE
Tab.4 The joint toxicity of Hg*" with Cd®* and Se** to A. japonicus juveniles
LCso 95% (mg/L)
S Al
A-B-C (h) An Bm Cn
Hg?*-Cd?*-Se** 24 0.1633(0.1533—0.1759)  4.4085(4.1391—4.7456)  2.8875(2.7097—3.1101)  1.4893 0.4893
1:1:1 48 0.0826(0.0747—0.0903)  2.2462(2.0345—2.4517)  1.4603(1.3209—1.5957)  1.9127 0.9127
72 0.0532(0.0443—0.0590)  1.4579(1.2185—1.6121) 0.9404(0.7830—1.0421) 1.7234 0.7234
96 0.0457(0.0407—0.0529)  1.2577(1.1244—1.4496) 0.8079(0.7199—0.9351)  1.8440 0.8440
, Hg* , Se* , Cd** 1000—10000mg/L : LCso >10000mg/L
( , Hg*"  se*

, 1991), LCsp <1mg/L

, LCso = 100—1000mg/L

, LCs0 = 1—100mg/L

, LCsp =

, cd*
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, Hg2+ Set ,
(Xiphophorus helleri)  96h LCsg 0.84 ,
mg/L  6.64mg/L ( , 2005); (Artemia , ,
salina) 24h LCs 26.9mg/L  56.8mg/L ( ,
, 1992), Hg®* Se** ,
, Espericueta  (2001) 3.3 Hg?* Cd** Se*
, Hg**  cd*
(Litopenaeus vannamei) 96 h LCsg 1.23
mg/L  2.49 mg/L; Verslycke (2003) )
(Neomysis integer) , Hg®*  Cd* 96 h , Cd** Hg* Pb*
LCso 0.007mg/L  0.318mg/L, Hg?*
Cd* Hg®* (Sharma et al, 2008) ,
Se*  Ccd* : : :
’ HgZ+
, Se** , Cd? (Gailer et al, 2000) , ,
3.2 Hg?* Cd** Se* : Wang
(2001) (Stenella plagiodon)
, Na,SeO; HgCl,
(2005) Hg*  Se*
, (Xiphophorus helleri) ,48h  96h
Marino Hg*'-Se**
(2000) (maximum permissi-
ble concentration, MPC) MPC = LCsy><0.01, : : Hg*
Hg?* Cd** Se* 96h LCso , HgCl,? ,
MPC 0.0009 0.0464 0.0074mg/L Hg**
( ) :
Hg2+ Cd2+ Selt ' ' Hg-Se ,
, 168h , , , Hg-Se-S- ,
Hg®* Cd?* Se* LCs, MPC ,
(Gailer et al, 2000)
=0.0002mg/L, =0.005 '
mg/L, =0.02mg/L ( , , Se0;  CdCl, ,
2001) , MPC , Se0; Se, , Se, Cd** ,
MPC , 1:1 , Cd-Se-
(Sharaky et al, 2007) , Hg®*-Se*
, , Cd**-se* Hg**-Cd**-Se**
MPC , MPC
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( , 1995)
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SINGLE AND JOINT TOXICITY OF MERCURY, CADMIUM AND SELENIUM ON
JUVENILE SEA CUCUMBER APOSTICHOPUS JAPONICUS

SUN Zhen-Xing, WANG Hui-En, WANG Jing, LIU Jin-Chuan, ZHANG lie,
ZHANG Ying, WU Chuan-Yan
(College of Life Science, Ludong University, Yantai, 264025)

Abstract The single and joint toxicity of Hg”*, Cd®* and Se** to the juveniles of the sea cucumber Apostichopus ja-
ponicus are tested in still water at water temperature of 15.5—17 . The joint toxicity tests are determined using equi-
toxic ratio mixing, and the effects of joint toxicity are evaluated with the Marking’s additive index. The results indicate that
the median lethal concentrations (LCs,) of acute toxicity of Hg?*, Cd** and Se*" at 96 hours to the juvenile are 0.0912,
4.6433 and 0.7413 mg/L, respectively. The toxicity sequence of the three poisons to the juveniles ranged as Hg** > Se** >
Cd*". The maximum permissible concentrations of Hg®*, Cd** and Se** on the juvenile are 0.0009, 0.0464 and 0.0074mg/L,
respectively. The results of joint toxicity test show that when the juvenile are exposed to equitoxic mixtures, the joint tox-
icities of Hg®* with Cd**, Hg** with Se**, and Cd** with Se** at 24, 48, 72 and 96 hours are all antagonistic. The joint tox-
icity are antagonistic too if Hg®*, Cd** and Se** are together with equitoxic mixture for 24, 48, 72 and 96 hours. Further-
more, the paper also discusses the possible mechanism of the joint toxicity acting on juvenile A. japonicus.

Key words Sea cucumber Apostichopus japonicus, Hg®*, Cd*, Se*, Acute toxicity, Joint toxicity



