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Abstract; Rotifers are one of the important groups of zooplankton in freshwater ecosystem and are recognized as
ideal bioassay animals for toxicity tests because of their small size, short generation time, and rapid reproduction
rate. In order to investigate the toxic effects of combined pollution of heavy metal on the rotifers, the 24 h com-
bined acute toxicities of Cu®", Zn**, Cd*", Cr®", and Mn’* to Brachionus calyciflorus were evaluated using the addi-
tive index of coeffects for aquatic toxicology. The 24 h single toxicity test showed that the median lethal concentra-
tions (LC,,) of Cu®*, Zn*", Cd**, Cr*", and Mn”" to B. calyciflorus were 0.00616 mg-L™", 12.62 mg-L", 2.89 mg-
L', 1729 mg-L", and 67.32 mg-L", respectively. The 24 h combined acute toxicity of Cu*"-Cr®'(0.00385-10.806
mg-L™") was antagonism when the toxicity ratio of the two was 1:1, which is similar to the Cu*"-Zn*"(0.0199-
0.0199 mg-L™"),Cu’'-Cd*'(0.0181-0.0181 mg-L™"),Cu*"-Cr*'(0.0118-0.0118 mg-L™"), and Zn*'-Cd*'(3.475-3.475
mg-L™") combinedat the concentration ratio of 1:1. The actions of the other binary mixtures were all synergism re-
gardless of the combined pattern. Both the 24 h combined acute toxicities of Cu*"-Cr® -Mn’**(0.00210-5.902-22.981
mg-L™") and Cu*"-Cd**-Mn*"(0.00727-0.00727-0.00727 mg-L™) were antagonism when combined at the toxicity
ratio of 1:1:1 and the concentration ratio of 1:1:1, respectively. The actions of the other ternary mixtures were all
synergism. At the concentration ratio of 1:1:1:1, the 24 h acute combined toxicities of Cu*"-Zn*"-Cd*"-Cr®
(0.00907-0.00907-0.00907-0.00907 mg - L"), Cu*"-Zn*"-Cd**-Mn*'(0.00898-0.00898-0.00898-0.00898 mg- L"),
and Cu*"-Zn*"-Cr®" -Mn®"(0.00819-0.00819-0.00819-0.00819 mg-L™") were all antagonism. The actions of the other
quaternary mixture were all synergism. The 24 h combined acute toxicities of the Cu’'-Zn*"-Cd*"-Cr®" -Mn>" were
synergism when combined at the toxicity ratio of 1:1:1:1:1 (0.00074-1.520-0.348-2.082-8.107 mg-L™") and the concen-
tration ratio of 1:1:1:1:1 (0.00582-0.00582-0.00582-0.00582-0.00582 mg-L™"). The present results indicated that the pat-
tern of combination should be fully considered when evaluating the combined acute toxicity of metal mixtures.

Keywords: heavy metals; Brachionus calycitlorus; combined toxicity; acute toxicity
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MO N b7 e e 35 5% B 3R i) 2 3 A4~ H DL
b B R IR WCR F EPA 51 BT R R HB-4
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mg- LR N E 4 8 B TIRE, Cu® 2 100 mg
L), STUR I, T EPA 55 37 F4 B R B T
E A P N O B o T Y B 17 Sy B v 97 15 2
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3 itit ( Discussion)

S FME SR, bR Mn® LA, Higy 4 FhE 4
B E AR R -2 SRS AR
TES AR R NS AR, Snell SR FH AR HR 51
B & AR AMA R K 2 h IWRYAIIE) , 5250153 1)
Cu® \Zn* il Cd*" X2 1ERF EE 46 #1124 h LC,, 435
90.026 mg-L" 1.3 mg-L"F10.81 mg-L";&X &%
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A FEME 1.0x10°cell- mL™ A8 1 R% /N R, 15 30 1
Cu® Zn*' Fl Cd* X AL B HE 1LY 24 h LC,, 77 3
006 mg-L"' 1.69 mg-L"' A1 1.49 mg-L";Sarma
SRS I A R A R A AR (LR IS R B A AR ), 52
AR E Y, 5 210 Cd® F Cr® X AL E 2
e HLK) 24 h LC, 434 0.18 mg-L"' il 17.4 mg-L™
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ISFEA S —F ) B Cu®*>Cd* >Zn* >Cr® ., Mn® X}
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£1 Cu™ Zn” Cd* . Cr"Fi Mn* WMEWEZEHH 24 h I —Fi

Table 1 The 24 h single toxicity of Cu®", Zn*", Cd*", Cr*", and Mn”" to Brachionus calyciflorus
£ Metal FREIEHR L (mg - L) OIEpzE: PN BEER
LCsy/(mg-L") Regressive equation Correlation coefficient R? Significant test
Cu? 0.00616 (0.00524~0.00702) y=4.9285x+0.8120 0.9791 P<0.05
Zn* 12.62 (11.35~13.99) y=5.4098x-0.8914 0.8308 P <0.05
cd* 2.89 (2.51~3.22) y=3.3129x+3.5896 0.9823 P<0.01
Cré 17.29 (15.59~19.16) y=5.1992x-1.4343 0.9905 P<0.01
Mn?* 67.32 (61.36~74.99) y=4.1297x-2.5111 0.9769 P <001
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JEAKFEY AT YA T B TIR G W4k
BT BB PE T LA AR, 45 2150 vk B i 31 T &
KEEMMERY, HR, BRI KA 075 Y vk
JE RIS RL O R e TIRG WA /EM
EMEAE S, R RSP U R4 S e
SR N 505 e AR AR RN T A I 1, 2 b HLU
JEHERAMNEN/NME L 5y ZRBENRIEAS
KRN BEE M SE M B Ry L — A PR R
PEVER, HR YOI SR EEZ ik &3
PR 26 (I A 10 41, =J04H A 10 4, 1Y
JUHLA S UL, Ot A | 4, A 18 A Sk B A
SRR AN R L B 20 She (9 1567 B P Ay 2 — 3K
(1), B B A5 56 2 (R B PR 3 R 3 S I 1 gl S T
BT H B A A O RN [R)) 14 A% Bl e 2 801
BT I A 1 B A B RN 1 AR Ak, BRI, TS e
TR R B A6 O R TR BRSO P VR
A B BAR B RS B0 T, AN ] — AR e

AW 5%, Cu**-Zn* | Cu®-Cd*" | Zn* -Cd*" |
Cu*-Cd* -Mn*", Cu*"-Zn*'-Cd*"-Cr®", Cu*'-Zn*-
Cd*-Mn*" \Cu*"-Zn*"-Cr® -Mn*" % I X 41 45 2 P id
FUX A R A e I G EE A R R R IR 86T, A%
VB TE LU RSO0 . AR A E EIR AW 48
Z BRI Re & AL M BRAL 2= AR Y SRR BE LU R, &2
B A LA AH ] ) S O R, I BB B B
PRy I [ 5 AR o305 oy AS X BRA 5 7 454 i R
TRA YR 5 R B K B 4Rtk , T
PR/ E S B T — DR AR R KR, X
BB AT 2 R A b RN, D e 2 TR B ik
BRI, BFFE &I, ARV B KT 19 4 s 4n
Cd* Zn* 4E XA R A BT 2t 8UEEN A
AfEE 28 25 T A AR BE W) 2% 47 8800 (hormesis )——
W R RE R R A IR B BT L, Ak B I LE R
— PR DA T AR B A R PR S /N B 4 SR AR IR
I T —E BIEBOEAEN, B4 &R G WIS
BEMERON 2 R ORI RO, 5 AR B, AR B AT TR T
AN A AR R B PR B I R A B
G RO WIAR AT BB S 2B PR . R IRATTIA
by, A IR L 7R S5 v B T LU S 45 41 A R BR Ok 7
PEAE A — 20, H e S 80T RSP i s B

TORHEOR , Z AT P PRI OV SRS 2
A VEH R EERIE Y, Autseh, PrR1E
FHALA 42 ], $5B0/EF 10 61, 23 50 o5 S0 81%
F19%  PHEIVE T i R 280, tHos R, IR G

B E AL AE RG22 R A S EIR A F
Gy A N [ O 1 1 s g e R co¥a ok 7/ R N7 N i )
HAFMAR R EERSESEZNE EHES5EY
RN AP 53 Z [ B4 AT RE R A ARl 22 BAE
SECRRIM ST, B HITR R A IZ S
FhEE 4 J@ XHEE BB A HGE , ARl prik | % S
FhEE 4@ 4 J@ AR 2800, A3 B AR B AT R4S Y
FEPEVE AL S A 22 57 AR I TR AT, 12 5 Fh e
G JE RS RO 22 RO S EUR G kG R
RO AR AR AS S IR, vk, FRATTIA R TR & 9 (e
B 3 oL FIRA Y, 45 20 o0 W B 4 S I
AN B TR AR AN —FE 1Y, 78 H IR PR ] 500 ) Ak 3 4H
o BEPE DT R A 2 43 22 T E LT 4G R 3o i A
POAZAEA EA TR, 3038 2 EATZ RA kA&
AH B R B VR FHASE A R0 5 AH S, 35080 /Y
IR E X AR A Y b, P E VR T i 4 53
TEXTHE R BCRE o F2 v BT AN AH — B0y B PR
(AT ), B A8 3 A T A AU 0, 491 G 3 A7
1) 4 JR B BT R 5 VR FEASE A B AT 45 SRR,
WIS T % s ", e — IR A b B2
o Y TE R MR ml I — S 2 43 ke FE ) B MEAE ] T
MR , 45 41 A e 24 B M 000 A A FH 43l 2 B
1, AR EAR PSS IO B BIR S e&
BRI, B HLIR IR G

B 1 HC H 7 =LA A 2 e I 18] 8 A [] A1 34
AN [v] 4, T 52 e o 46 S K5 B R AR FH B DR 25
R RN B A SRR LAY Zn® -CdT B S
YE B (8] 9 928 K, X BE L5 £f1 ( Brachynanio rerio) )
A 2R 2 A U RS 55, i % 2 A ( Creno-
pharyngodon idellus) W & 5¢ 45 1T J5 P [FP, A A 5%
ol TSR R R R RIS I Y Y TS B L
RIS RIS Sl 1 ke SR LR A 52 e | PRI M AT S
R AT SE . — Ui L — SR R,
A= AR S EE P Al r B TR R A7 B A 4
FRPY ) HR BRI KRS SN 2 4R
XS HUER A 2R REE RN I8 77 EE T e i — L () i
FEWAE, SRR Cu™-Zn® Cu -Cd™ A T B R
FEAE H™ A R AR BUSON (AT ST ) , X R AL (Daph-
nia magna) F) ¥4 & Bl [8) % 0 5 6] B 45 vk R 1)
Zn®"-Cd> XA R4S 7™ A W& H5 B R (A
FE) W IKUE(Hydra sp.); A2 B R0 D[R]0 i
A AN [R) At SR I 5 2800 1Y) 22 57 AT DA B A < AN TR
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ZE BRTAR, AT LA AR 4598 (1) Cu® . Cd™ |
Zn™* (Cr® il Mn*" 45 5 Fh e 4 Jm 4 22 16 R 46 1R 24
h B—2 P E MR/ MEKIK . Cu® >Cd* >Zn* >Cr" >
Mn** 5 (2)Z B LT, A ) 25 43 45 2 1 A0 25 ik B
FEX 46 HL KA B RN S — B0, B AL B 2=
SRR R T IR A TR R 23 7 A B R YRR
AR —EUITE; ) PRS00 S 16 5 B Ak Ak ) = 3
FEIE A, & 243 0o % B HLI A 24 5 ] RE R
R AW 7 A AN [RGB MO0 AR AR LA
I, 3 FEEEHUA R A R A E 4B IR AW & 1
VPN LI A B RN, BB R4 7 ELAAR A S B 57 I
J7 AT E W, ASBE AT R B — 4 i 7 1 AR I R ) i
TEVERS AN, A B ST AR B9 Cu® | Zn® | Cd* |
Cr® Ml Mn™" 45 5 Fiy WL 43 J@ X100 R4S U A
FMEBE R G Mn™ 2 5 A R Y
RIS RAA ARCEE T 4% UL SR HAET 5T
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