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BE: A ERHLER KA IAEHENETRES " Mcd" SESRANME, ELRTEL LB FR,MAE
EHIHEMNMFRALSATT Mo h SUBUHLR, LREHA Cu’ 3B A FHIEM 24,48 h-LC,, 5514 8.164 mg-
L1 6965 mg-L" ;Cd** % H A& 8 JE G 24.48 h-LC,,4r 814 63.084 mg-L" 1 53.093 mg - L™ ; B MR BEA Cu®* (<197 mg-LY)
B HAEHERNETERR TN BA, MEEREAEIST mg L)ERNETERUE T R4 5 o REAR, X%
WEBRE CA® MMM ERYEEMHER ;> I REEESHET 197 mg-L" #1968 mg-L'Bt , A EELRE
BEFHEEREIRKBLRP<005), Cu’’ Xt HAHFHIIFA 24.48.72 1 96 h-LC, 45 % 5361 mg-L".2.844 mg-L" .2.
020 mg-L" 11352 mg-L";Cd*" Xt A 3 F #5445 £ 24 48.72 1 96 h-LCy, 4 HI K 15907 mg-L” .10.550 mg L™ ,7.986 mg-L" Fl
6346 mg-L" ;Cu’* XF B A 857 €1 24 .48 .72 1 96 h-LC,, 4+ H1% 5732 mg-L" 4037 mg-L"' 2498 mg-L" #1 1955 mg-L";Cd*"
3F B A F S A A9 24 .48.72 F11 96 h-LC,, 2510 16419 mg-L" \11.745 mg-L" 8516 mg-L"' M 6776 mg L', SHEMWKKELE
VIR, B A o 7R A e R A AR T R VLR

E@iH: BAEH  E4R . AFHER S

XMEA S 1673-5897(2014)4-793-10 hESES. X1715 XEFIESG: A

Acute Toxicity Effects of Copper and Cadmium on the Early Developmen-
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Abstract; In order to explore and compare the toxicity responses of Oryzias latipes at its early developmental
stage under the exposure of Cu’* and Cd*", static-renewal acute toxicity (48 h) on the embryo of Oryzias
latipes and acute toxicity (96 h) on the fry and fingerling were investigated. The results showed that the 24
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and 48 h-LC,,values were 8.164 and 6.965 mg-L",respectively, for Cu’* -exposed embryos of Oryzias latipes ;
and were 63.084 and 53.093 mg-L'l ,respectively , for Cd*" -exposed embryos of Oryzias latipes. Embryo incuba-

* concentration (<197 mg-L") while was prolonged in

tion time of Oryzias latipes was shortened in low Cu’
high Cu’" concentration (=3.87 mg-L"). In contrast,regardless of what the cadmium concentration was , all
the embryo incubation time of Oryzias latipes exposed to Cd*" were prolonged significantly. Cu®* and Cd**
could decrease the hatchability of the embryos when the concentrations were higher than 1.97 mg+L" and
1968 mg-L",respectively. The 24,48,72 and 96 h-LC,, values for Oryzias latipes larvae exposed to Cu’* were
5361,2.844,2.020 and 1352 mg-L",respectively ;the 24,48,72 and 96 h-LC,, values for Oryzias latipes larvae
exposed to Cd** were 15.907,10.550,7.986 and 6.346 mg°L'l ,respectively ; the 24,48,72 and 96 h-LC,, values
for Oryzias latipes fingerling exposed to Cu’’ were 5.732,4.037,2.498 and 1.955 mg-L",respectively ; and the
24,48,72 and 96 h-LC,, values for Oryzias latipes fingerling exposed to Cd*" were 16.419,11.745,8.516 and

6.776 mg-L" ,respectively. Compared with other freshwater aquatic organisms ,the Oryzias latipes fry and fin-

gerling were sensitive to copper and cadmium.
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B A F M (Oryzias latipes) B T HRE AN (Ac-
tinopterygii). 3 #% H (Beloniformes ), 7 i £ (Ad-
rianichthyidae), B £ & & K 20 ~ 40 mm Z [d],
EAHTFHE BISEREELL EREREEBKX,
RHARALKKBRE BETREERBENTH
R, RKESHENIELBHAZ —,

FAHEBRABEIERFENHMNESR. EF
3k, B AN BT E S X4 VB X KA s e i
PR T HEME, B RMKES Y M EFHS
Y1 i) 58 G R B AR (Procambarus clarkia) . 41 4% 91 18 B
& B (Propsilocerus akamus )1 3P & 8 4l B (Chirono-
musplumosus)3E , 7 HE 5 ) W85 (4 ristichthys nobil-
is), B £ (Ctenopharynodon idellus). J§ i (Tanich-
thys albonubes). ¥ £ 8 & £i (Rhodens sinensis
Gunthe)F Bt & 1 (Brachydanio rerio)%" " i % F
HAGEXT B AF 8R4 & F B B S B RN B
RS, A—PHERFREE Y B 4H.
WHBRBHEARR , — 85, B R AFREa b B R Xt
ELBBRYEBRG B, AR L H A& F i
AR, EXREETEBETA,
Xt HARFHZEIR AT AT SETEHER
R ARGREN T TREEBNEHNETHEE
MHLH, M A WER. EOF R ERERAER 2
R,

1 #¥l5 4% (Materials and methods)
1.1 KA H AT
HAFHh b ERERN 2R EATEYSFHE

HH Y5, RAEKK Q8 £0.3) cm, A HE (042 £0.12)
go WHEHRHAW0LWERHBENT  BRXEAR
R2KFERA 24 b WEFRGR, TREZEEE
HZEQ4 1) C LB HR 16 h:8 h(E %K),

BHETERAEERBEH AT EENZE
WATREREFTEERR BB - 2R IEL,
PRI R R R R R IR IR A £ R R iR e vt
EFARFHEAHNERRIAR.
12 RBZGYEH

REZEY N CuSO,-5H,0 F CdCL+2.5H,0,
HEAEAAFEANAERAA, g, KBS
BIFR B CuSO, - 5H,0 3.906 g I CdCl, - 2.5H, O
2036 g, ER IL, EH B Co® 1 Ca*" REB®RE X
lg L'WEBBREH . BELFREERBRRFARKE
RIMAR AR,
13 &G

THRAKIBKAKRK. BBRIBP pHEN
71 ~74, B8N 68~8 mg-L", BIER (F1E) 250
mg-L"' (L4 CaCO,3t), KiRQ4 1) C,
14 ZXBHE

FRA¥HELRE., TERAHN 180 mm K5
falll, FERS (2455 4 h)SE B A 7K 400 mL, 554 50
BGAFAEGEY 2 d J5) AL FK 200 mL, S 4H
102, KiEQE4+1) C, EXTEATEHITHIRE,
DIBAE 24 h N Cu®" 1 Cd° " B2 BF0 ok E FT 2 R 3L
FEWE, MET LR REEXHRERE S
WEA, A 14 MSAx B, BH48E 3 M
T AARBEMHRELE 1,
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%1 ARBESERARA®RRE
Table 1 The concentrations of the experimental
heavy metals
EEE &R REEE/(mg L")
Life stage Heavy metal Concentration/(mg-L")
E Cu 1.00,197,3.87,7.62,15.00
Embryos cd 10.00,19.68,38.73,76 21, 150.00
fFHEf Cu 1.00,150,224,335,5.00
Larvae cd 400,557,7.77,10.84,15.00

BEHREBRBRETSLERTELBER S
BESMLE . SHELRFNELBRNEZRAK,
RRIBRFEENELKBREEFL, ICREREE
RABLEABALNEDEREFRITEFERLRR
¥k 52 AL B A i), I BBt T RRFE T IERR (MR & B
AEHBWEAYRER I — B A8/ R
T, FHRARBHATI N, GHNEFHAN
BEEER, CRVBFANRAERRKREESLR
P R 24 .48.72 196 h BIFE T8, 3115 KRBT
A ANTHRTE, MRERBRAETE
ERWENRE, ABHRE 24 h THEE 1 K,

15 BESHH®E

AL T 18 BUHE 19 SPSS19.0 54 BEATALEE,
4> BIERr 24 h 48 h B FIERT B A9 B A& 8 iE
F4F124 h 48 h.72 h F1 96 h VU7 [F] W22 it B B 4%
HanEEREEENRMEREIAFR, B L
WEQC,): AAFRAARAT RE, ARRALEER
FrEHHi(one-way ANOVAWE R , BIBMRR T LN
FEE + IRERZE,p <005 HBEER,

2 %52 (Results)
21 BEHEaAEFERR

Cu’' CA”" S HABFHTERAMEEETRER
RE2, BB B LG, MEBEFTHEKKILTENY
153% ,1.00 #1197 mg - L' f Cu** REBHA B A H#

FERGFET- 2R 43 51 5 18.0% F1 20.0% , A6 o ¥ FR4H B
BEREMER@P>005), 3.87.7.62 # 15.00 mg-L"
WBRBHHAEHMKRFE T E 5B Hik 48.0% .
533% M 753% , M BER/ T EEP <005),
R RENFBREERE S, B 1000 mg-L'HI4R
VRIS HAFH AR FHIET- RN 187% 55t BAH
LAREABEHZRIE >005), HARRBHAEAF
BERRRASET- R B EH F X B4 (p <005),150 mg-L"
BSR4 H A IR TR TR 913%,
FRANREEHERMESBEE 74 H A F 8
JERG 2448 h MEBOEHKE , SR RE 3, Xt AEF
BERT AR ) 24.48 h EBFEL IR E 4> 5 K 8.164 1 6.965
mg L 485 H AT IR 24 .48 h L BRI ok BE K63 084
HS3093 mg L', “HEBHHBRERN . >Cd*,

®2 BBET G’ . Cd* 48h EAAEWMERIET X
Table 2 Embryonic mortality of Oryzias latipes
exposing to Cu’”or Cd*>* for48 h

5T LW /(mg L") EHFET-FE/%
I Experimental Average mortality/%
o concentration/(mg-L") 24 h 48 h
PogicRl:l 0.00 140 £20% 15323%
Control group
1.00 160 £2.0° 180 £20°
197 180 £35° 200 £2.0*
387 447 £42° 480+35°
Cu 762 50.0 +4.0° 533+50°
15.00 707 £6.1° 753 £42°
10.00 160 £2.048 187 1248
19.68 200 £2,08 207 £128
Cd 38.73 300 £35¢ 373 +42°
7621 627 £23° 693 £30°
150.00 86.7 £3.0F 913 +23F

E:NEFERAARR 0 RBLAZRBE @ <005); KEFH
ARRE CS RBLARERBEQP <005),

Note: The different small letters indicate a significant difference be-
tween different Cu’* exposure groups (p <0.05); The different capital
letters indicate a significant difference between different Cd*>* expo-

sure groups (p <0.05).

£3 o’ Cd" X AAEHEREERRERNREERS
Table 3 The linear regression analysis of Cu®" .Cd’" on toxicity experimental data of Oryzias latipes

&R S E/n B 77 . 95% B {FX Al
: . . R? LCqy/(mg-L™)
Metal Exposure time/h Regression equation 95% confidence interval
Ca 24 y =3.6812x +19370 09151 8.164 4730 ~15.188
48 y =38566x +21508 09156 6.965 3051 ~ 13204
cd 24 y =04937x +16.980 09731 63.084 56.125 ~ 70.495
48 y =05137x +19.777 0.9620 53.093 46673 ~ 59693
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H1 Cu’ (Cd** xf B2 o AR BA W 4L 38 0 4L B 8] O RO R
T AN TREALFHERRAAREZRABE (p >005);
RZEHRERBE @ <005)

Fig.1 Effects of Cu’"and Cd*" on hatching rate and
hatching times of Oryzias latipes
Note: Same letters on each line chart show no significant
difference between the groups (p >0.05);conversely show
significant difference (p <0.05).

Cu® \Cd™" Xt H 7 7 & IR i 5% b 2 70 5% 1 i
B EWMEITR AHERYERTHEF

BEEREBILE, W M Cd RERESNETF
197mg - L' F1 19.68 mg - L" Bt , 4k & & 2 K F xf B8
H(P<005), AT, WA &R B4 F 555G 5
e RIMERTRERER, Q" BREEEH (s
197 mg- L")t B #43 # RIS 40 % & 3 4R T X 1
M, B REEEH(=387 mg- LR R T EEN
BFXFRHA, C"EXITRBEEKF ELHES
FERG R AL — B M BIER, EX R & Bl R
MHEEE ZBRIRENTH WL,
22 EgBRMWHABEHYBFANEEETE
Cu’" \Cd*" Xt A A HFHY M Ffa Atk HHLn
ERMFE 4 FR,1.00 150 mg- L' Cu*" BE 48
hEMIBIFABART, BTSN 6.7%
26.7% ,72 h JRSET-F 4 51K 16.7% 1 40% ,96 h J5
FET-ERASr KN 36.7% F156.7% , BE B TR HEAP <

005), 224,335 #1500 mg-L' M4 HEEE 24 h

R AT AR TR, FHIE TR 5 R
100% ,26.7% #1 40.0% , W E E B FX B4AH(p <
005), HFiE R B R MWEK , BT RBEH 5,
BREBWRED 40 mg - L'WCI" RER LG
I A BT, FE TN 10.0% ,96 h SET-% R
200% , BERE TXBAHAP <005), 557 mg-L'HHE
BHRE B L GHRFAFHEENET, BTN
6.7 % ,72 h F1 96 h FET-F 435K 233% F1 400% , B
ERTXEAP <005),7.77.10.84 1 1500 mg-L* K
RALEARE 24 h GRIHAYVBFEE AR, P
BIFET-H 4510 6.7% .16.7% F1 40.0% , Ti H. 10.84 1
1500 mg L' WA AT REET FXEHQP <
005), T B HEE R BEH MEK FET-RE FFH#Eas,

£4 O’ C&'WHBXERUBTFAXT-ENEN
Table 4 Effects of Cu’"and Cd*” on mortality of newly-hatched larvae of Oryzias latipes

- ERWKE/(mg L) A [ e (8] E B FET- % /%
Experimental Average mortality of different time/%

lon concentration/(mg 1) 2 h 48h 72h 9 h
%t B4 Control group 0.00 0.0 0.0 0.0 £0.0%* 0.0£00%* 0.0 £00*
1.00 0.0 £0.0* 67 +58" 167 +58° 36.7 58"
1.50 0.0 +0.0° 26.7 +5.8" 400 +00° 56.7 +11.5¢
Cu 224 10.0 £ 0.0° 433 £58° 600 £ 10.0° 80.0 +10.0°
335 267 +58° 56.7 £15.3° 800 £173° 1000 £0.0°
5.00 400 +10.0¢ 900 +10.0° 100.0 £0.0° 100.0 £ 0.0°
4.00 00 £0.0* 0.0 £00% 100 £0.0%B 200 £0.0°
557 0000* 6.7 +58* 233588 400 +£100°
cd 777 6.7 £58* 400 £0.0° 66.7 £ 115° 76.7 £11.5°
10.84 16.7 +5.8° 56.7 +11.5° 76.7 £+ 1530 86.7 £5.8°
15.00 400 +10.0° 80.0 £ 10.0° 90.0 + 0.0° 100.0 + 0.0°

ENEFREARANRE O BRAFNEREE (¢ <005 KEFBARARK C " BRAMER B ¥ (p <005),
Note: The different small letters indicate a significant difference between different Cu®* exposure groups (p <0.05); The different capital letters in-

dicate a significant difference between different Cd** exposure groups (p <0.05).
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FAVRANEITARNMHESRE FXEEEF
85 3] WA F2 24 .48 .72 196 h MU BIE Ik E W3 5,
% B AE A FAF L6 24.48.72 196 h FHIE
W BE 43 52K 5361.2.844.,2.020 il 1.352 mg - L ; 5t
A 2 % 86 40 47 £ 24 .48 .72 1 96 h L BFKE 2
8% 15.907.10.550.7.986 1 6346 mg-L"', —HF
RN Cu® >Cd®,
23 E£BMHAFH304dBANSHENE

Cu’* .CA" MHAHFMHK 0 HAZEFETE
ZRINE6FR, 100 mg L' > BE2h 5
30 d s BRSBTS, SET-F KR 100% ,96 h FET-F N
200% , ¥ BER FWRHA@P <0.05), 1.50 mg L'
Co " BEMBh/530dMaBIAET, XA
6.7% ,72 h 196 h FET-# 454 20.0% F130.0% , &
EBFSBAEP <0.05), 224,3.35 7 5.00 mg-L"' K

WALEERE 24 h SRR 30 d AT IR, F
WHRT-ES5 K 100% .16.7% F1333% , W EEH
TFXHEHAP <005), B ERBHEI ALK, FETF
BWAE.

WRBWERED, 400 mg- L' Cd"  RE 2 h
JE30d AN ,FET-EN 6.7% ,96 h FELT-%
HX167% , BER TXRA@ <0.05), 5.57 fM 7.77
mg L'HBEEERB BhF30dBATFHEER
BT, FET-R 50 6.7% M 30.0% ,72 h G TR
539K 30.0% . 56.7% ,96 h J5 FE T F 4 B K
40.0% F170.0% , BE & F X B4 (p <0.05),10.84 #1
1500 mg-L'MBAHEARTE 24 h FEIH B30 d B
BT AR, PR RS HR 10.0% F 26.7% , 15
BER T BAH@ <0.05), i B K& 2 BT E 0 E
K, ET-XRE LA B,

%5 Cu'' Cd"XMAABRNBTFLBEMLREBHRMEERSH

Table 5 The linear regression analysis of Cu’” ,Cd’* on toxicity experimental data of

newly-hatched larvae of Oryzias latipes

&R 2B [@)/h 51 )3 7 &8 o LGy, 95% B X 8 RLEWHE (mg L")
Metal Exposure time/h Regression equation /(mg-L™") 95% confidence interval Safe concentration/(mg-L")
24 y =9.0683x - 7.0056 0.9152 5361 4644 ~6.832
u 48 y =18599x - 33541 0.9787 2.844 2.460 ~ 3285 0.135
72 y =20.828x +4.0050 0.9562 2.020 1.691 ~2.339
96 y =20.171x + 18216 0.8391 1352 1.015 ~ 1595
24 y =3.7081x - 19355 09453 15907 14.137 ~ 19499
cd 48 y =75185x - 28262 0.9602 10550 7834 ~15475 04635
72 y =73687x - 13.636 0.9089 7986 4.145 ~ 11678
96 y =7.0853x +3.4990 0.8624 6.346 5436 ~7.158

#6 Cu"’ CA&'WNEAXBMIARAECENLR
Table 6 Effects of Cu’"and Cd’* on mortality of larvae of 30 days of Oryzias latipes

LW B (mg L) A o (6] S FET- 2K /%
Lk Experimental Average mortality of different time/%

fon concentration/(mg - L") 24h 48 h 72h 96 h
%f B2 Control group 0.00 0.0 £00* 0.0 £00* 0000 00 £00™
1.00 0.0+00° 0000 100 £10.0° 200 +10.0°
150 0.0+00° 6.7 +58° 200 £0.0° 300 £ 0.0°
Cu 224 100 £100° 233 +58° 36.7 £5.8¢ 66.7 £153°
335 16.7%58° 433 x115° 76.7+58° 86.7 +5.8°
5.00 333+£58° 633 +58° 1000 = 0.0° 1000 +0.0°
400 00£00* 0.0 £00* 67+58% 167 588
557 00£00* 67584 300 £100® 400 +10.0°
Ccd 177 0.0+0.0* 300 +10.0° 56.7 £58° 700 £ 10.0°
10.84 100 £0.02 467 +115° 700 £0.0° 833+538F
15.00 267 +58° 700 £0.0° 86.7 +58° 96.7 £5.8°

. NEFBEARAR Y ABHAERBE <005 AEFBARARE CE  RBARERBE (@ <0.05),

Note: The different small letters indicate a significant difference between different Cu** exposure groups (p <0.05); The different capital letters in-

dicate a significant difference between different Cd** exposure groups (p <0.05).
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FRAVEANEITERMHESBEE FX AR
%30 d ME£24.48.72 196 h EHIEHRE , 5 R
RFET, X EAEH0d HHHK 24487296 h
A3 B Wk BE 4> B H 5.732.4.037,2.498 I 1.955
mg-L" ;4% H A 30 d #4824 48,72 196 h
FFEIR BE 4> B 16.419.11.745.8.516 F1 6.776 mg -
L', —EZEHHEEERRN Cu’ >Cd’,

3 i¢ i ( Discussion)
31 BAHFHARATHEXN Cu’’ .Cd"" HWAHK
BOE BN BT

A= M X TS Yoy T 38 v B SRR 2 A Byt
HBE WERE REBEIEEFTRASEHEE
F|', McKim E"WERT 34 MISRYIX 4 M f
KM se REFERFINEBEHLERRBEREG, XK
Bh AR 4 A E B BB R O BRI B B
AP H A E SR E T X EF TR A RN HOT T
KFHM. iR 2ZF" N RER I X R A —
ERRPER . ESEBE FARBA B RBINER
PR T HE AR RS, AT 42 41 45 BE B BB 7T B A9 B[] R
EEMBKTHEEH. HXRFHERIESZT 0
B RENFTERSRAFERED , RBRA R
B, BARS TPHARHECSHN _HEBET
hHESREFRAEREGHENS , EBIBEHE,
FEEBNEHSTEREERES NTRETESLR
MK, AP, SREAZHEINHEER
it 2 78 BT [ FH S T T T AR ISR L R B, T BR T
HEE, TREELREFSAERLEARS S
HEOBEREmESEREEHREY, BRE
HMPRBAL R R RS, 2 80E 8 [ A5
T, XREREHE2ERE ' CTFESE

BEFMERRMFANSERE . RERSYR
iE Xt ZF 8% (Paralichihys olivaceus)iE Bf R4 £ i 3 4
HHEERE R, B5MESMWBEXTRAAH
1 (Cichlasomn mangguen-se)il fa W T K F1F4.
B 2 % IR 38 B B /4 (Crenopharyngodon idel-lus)
BHRHMEEATAYE REMSEPREESE WK
R 0 8 (Nibea miichthioides)IE i T K F1F64
MERHHERABA. MEEVAREFTERR
ARREESREETHARKRE X EALEETHN
ERMZwmILER WA BES, M am TEE
NWHARECLBTEE  WIMANELBRETA
— BRI ZEE L. MEFEAZTEREW,
BEELD,WRNABRERBKEKEERKT 4.5
mm), TREEN AR AMESLRE FEMIBBBERKK
BUHATAY XEFE# SR,
32 Co’' \CT X HAFHNAENER

AP K, Cu® M Cd* SRR A TR A A&
FHamBEEER R G >cd, BIRER 5K
EREEPRERES B EARKEEME &L 40
REEBEFREREENERNSER -8, &
M, AHERAFMERE FXFHAT TR
HER AR FEZR, W BEEKEH(<1.97
mg L") B HAFHERMNE T ERR T RA, W
BRWEH(=387 mg  LHEMRNE T ERNETF
S EA, M Cd B HK, WRA L BB ETH
mulgd, ArERBETEYLRELBELE,R
ABN—EEA S4B E, AXTRAELBREN.
RRERNEHTHEEIRET 5 HEB A XA
RER T & R W A ) 4 9 0% 5 4L B 08 S IR AR R B
B N A R TR SR, BN AELE
HEBLR NEHEBROBEEHERERARIAL,

%7 Cu*.Cd* 3 HAEH 30 d 7S B4 10 BE A0 2 ¢ E 0 5 47

Table 7 The linear regression analysis of Cu’

+

.Cd*" on toxicity experimental data of larvae

of 30 days of Oryzias latipes

&R R E /M 5] 3 77 72 ) LCy 95% B {5 X | LW E (mg-L")
Metal Exposure time/h Regression equation K /(mg-L") 95% confidence interval Safe concentration/(mg-L™")
24 y =7.1550x - 5.6099 09177 5.732 4905 ~7.663
48 y =14.180x - 8.1602 09523 4037 3.565 ~4.731
Cu 72 y =21.849x - 7.1104 0.9684 2.498 2220 ~2.821 0.135
96 y =21.523x +3.6017 09317 1.955 1.663 ~2243
24 y =24905x - 14.174 0.8806 16419 14.801 ~20.381
cd 48 y =6.5182x - 25624 0.9854 11.745 10.601 ~ 13286 0635
72 y =6.9333x - 98739 09102 8516 5.539 ~11.759
96 y =6.9912x + 09584 0.8840 6.776 5.730 ~ 7.708
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Rl —mfE B Cd* SHFHEA M LC, YRR
Fout,ZFRH L HEAEFHSHNESEET T ¥,
5% B4 225" BEHESTHARNER
M — B, B 7Rk ES %tk K\ B (Cichlasomn
mangguen-se)F TR KA, ca’* M LC fE/MNTF
Cu** %M e’ . Cd" XM IFHRANTUHTRAFLES
MEERY, FHREH, B BEREMEENHY
KEREEMEMRAEZRHEERR™,

MREA22HELBE TERRNREERE
F A AFHFRAFRABNER, FHAFLH
EUHARBENFERN, LT, BRER
WEHNFRATEIRAESMBEAEARATER, K
EZEZHRAEBRPEKEHIERE RS, FETHAR
By, BEKEHBATFHTRARALRAESNA
B MR RN, EAERNERERESR, BE L
I mf [EFEK , (FREARTE I RS , AT 7E K
RS 318, ETESE , ZE RIS RE, AR
BRI B R th AR R Rl BB R T iE3h B, &
ERTEREKE, PERXATHMESEQSR,
K& BB EE L, AERERE,

ABF R EZY , B AH 89108 3t i AR Y
R RBREESYH5 0.135.0.635 mg - L™ ; HE £ %4 A0
FBHELEFEEESFIN 0.196.0678 mg- L', Cu®”
MCd” WREFERENE F(HEKAERER
) (GB3838—2002)H 12k 7K Ji % #E™ it € #a ol 7K B A
YY) (GB11607—1989) B 1 & B #5 4%, R WA B & 8
fFRE gt Cu M1 Cd* T BB BOR AR
33 HABFHX Cu’' .Cd*" KR IEN

ARELETENIEXELEBEE TR KE

KHMANTHER HIEETATRENBENE
B LC, BB (R 8), X LA A AEHWNES
JB B F B 16 e O A BURAR B

ME 6.7 HREEH,Cu’ Cd® W HEHFHRA
B LC B ®H T E2EN &% 4 5 #H
HE BB FX84F B (A ristichthys nobilis IR KA
BE(Cichlasomn mangguense)fF 1) LC,{H, & F b
PSR ZFEZNIRKE S B X & 4 £ (Caras-
sius auratus) PRI 4h R (Chironomus plumosus)F
4148 UL WL &) B (Propsilocerus akamus ) LCy, {E
YU Cu®" \Cd®" XF T AT HE 1 OB HEAR THE T A A
WKARFANFETR TH L&A A . FERY
B R BB RFY

H %% 8 A, Cu®" F1 Ca** Xtk K7k 4 sh 17
A LC,, FE Bl 4 51 8 :0.023 ~ 209 mg - L™ 1 0.015 ~ 767
mg L', T Cu®* #l Cd*" %t H A & {7 #E 1 LC, 78
B 4510 :1.352 ~ 1.955 mg - L™ #1 6.346 ~ 6.776 mg *
L' IR, BAFHFHASHERKKESYHE
Eext cu® 1 ca® B EUR,

AR R R, ELRBIE Cu’® Xt H A7 8 IE
BE FHEAE) LC, B /N F Cd™ X H A LC, 18, %
Ho' MHEAEFHER FRANEBREXT
Cd*", Wi Cu’".Cd*" Xt HAFHFHEH LC, A
INTF AR LC, 8, X — 45 - 7T LU18 41 H A F 8
PR fFREast Cu® . Cd R BEL BN HBREE
R KA > BB, X5 Yang S Bk 8
%P Kashiwada ZP' R E L HEM S, HFEHE
B BB 2 R A B9 R L BT DA 4 9 BH 2 VS e Y A BR
6 BB RSN R A BRI ED,

®£8 Cu’’ (Ca'xtfikkEFWMAEEENE
Table 8 Acute toxicity of Cu®>" and Cd**to Freshwater aquatic animals

& SZ W BB £y 4 LCyy/(mg-L") pa.3
Fish fingerling Test stage Exposure time Cu?®* cd?* Literature

H 2 E & Orpzias latipes WEIF A Larvae 96h 1352 6346 EBR
H Z= ¥ 8§ Oryzias latipes # i Fingerling 96h 1955 6.776 In this study
% K\ EF Macrobrachium rosenbergii {F ¥F Larval shrimp 96h 0462 0015 [36]
% %% Paralichthy solivaceus fF 1 Larvae 96h 0.023 0.142 [20]
$% A ristichthys nobilis # £ Larvae 96h 0.100 0320 [10]
ZHEW T8, Portunus trituberculatus %1 % Juvenile crab 96h 0.156 - B37
H Z X} ¥F Penaeus japoncus Bate 1F #F Larval shrimp 96h - 0342 38]
YK AW Cichlasomn mangguense {# £ Larvae 96h 0978 0481 5]
B 5B Oryzias melastigma MEAF L Larvae 96h - 1.120 [16]
J& & Fundulus heteroclitus {F f4 Larvae 96h - 2230 [39]
¥ fi Ctenopharynodon idellus 41 £ Juvenile fish 96h - 3490 [6]




800 £ F B OB ¥ # 9%
#x8
VB AR Procambarus clarkia f# IF Larval shrimp 96h 5280 3.740 [9]
E &85 Megalobrama pellegrini %1 # Juvenile fish 96h 0230 4440 [40]
B Bufo viridis 4 17 Larvae 96h 1.100 - [@1]
Tt SR MR Eriocheir sinensis 4 %8 Juvenile crab 96h - 5.348 [42]
BE 5 Brachydanio rerio %h # Juvenile fish 96h 0.174 6497 [t]
th E ik Rana chensinensis %) 17 Larvae 96h 2.990 - [43]
R B EGEE Rhodens sinensisGunther %1 £& Juvenile fish 96h 0236 7270 [11]
& i Carassius auratus %1 # Juvenile fish 96h - 13.50 [31]
F& # Tanichthys albonubes H{T A Larvae 96h 0323 20.59 i8]
PR Chironomusplumosus %) # Larvae 96h 91.00 186.0 [4]
LB PR BN Propsilocerus akamus % 8 Larvae 96h 209.0 - 7610 4]

E " HEMRICRRRNE,

Note:

“—" no relevant records or determined.
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