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SEROPN P k- p gk
AAR BEES fua

CPERER KA MR R 430072)
g E
A3 FK MK X8, FE KB R 115mg/L (L CaCO, i) b FHISL T # A K84
B A KRR G A0 . IR A M BRE M B9 4 (T B R K AR e R4 30d, e K A 58 T B
16d, REW.ERKKGTHNEROAFEFHNH B RO TTMERN K ERMLE
A1, 2pg /L, T JC 6T W BEBUN M U 2 25. 2pg/L . B M B RV H W, Ak iR M EE
AR T L B8 RV R P 38pg/L o T Y MRS R MR R 19pg /L

R KMETRMK, BAR TTOLER BN M BE L T B R BB o I L

Mtk AR BEESE, BAEH#HTTREATY Y. XBEXBAERSLH AT
B RS -RGESEERARAMIN—FLA, ARETHFHRERRZFNFEL
R AKEEMBELENEEFR, Bh T RARAPKAERX, HM e g2
B T B %) Mckim(1977)1*) ,Macek #1 Sleight(1977) % T H X kB EHRRME
B FER BRG VR, M Aa X SR EIRRE N E YRR, B R EERBRIAE
REBHBEXATFEDIRE MATO) 584K 04 R A FSMEE, IR g &b
BEMBEVERBRAONE. BB, TR —KAXRLRAEHBIARWIFE 30—90d B[],
Norberh 1l Mount (1985)\7 Fj B L8k 1 8269 4 1 0 b1KE, IFE TR A KA AR $647, K
Rk R AT 7d 50, FRS4 R BRI T A B2 S DA B KB EREEL T
Yy, Witk — B 45 T IR B R nd ).

RN TP R, B4 @ H R BUR S B f (Crenopharyngodon
idella) 8% (Hypophthalmichthys molitrix) W41 B AR, RN B AL R E X ETHE
ASEFE. MEERER, RAATZHFE/LESERTURGZHERE VR . HIL,
730 K W IR SR AN SRV iR MR, TR T AR A R R B S, B RE R R L
S — R g R A 3 b R KA A R e T

PERHRITT I

RIS 0 KBS VE 8K (Misgurnus mizolepis) it M A LR ZRE AL ZH T ERSE
BERG, FINIB LB 4h B P8R8 . R R AR AKX EAKKXB R R HT, AXARH

- HEARBEESREME.
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BI85 0 18X 6. 5X 8. 5em MY BEES A % A7+ 750ml RIGHF W, KRR B4 A 12X
7em B BEES4E 5L IL, 8% 500ml 5 W . KRB Ak R R, B MR 2 AR 20 B
R, FARIRE KA Benoit(1982) it sk L BIHBEE BB AL N 0.5, 8%
R AR E 52ml/min,

FiK R By iR B He B B 150.75.38.19.9. 5pg Cu®" /L R BB4 , B ANk B I XS
AR EFT. $ARIRE WU E R 150,75.38.19.9. 5.4. 8ug Cu’" /L fIXTBE, &
MRBHGFHATAT. SRS AFBRE (CuSO, « SHO) IZRB /KB H . A& 5 L
4 6mol /L 5%, B 1 B YTIE. #AK=R 1 A M &M a2l 0 15mg Cu™ /L, LK
Bt 5. 8mg Cu®* /L, WK KU I By I 45 W ok B AR B 00 1R B A ok o A U B R B K AT
P ERHARBAENHERHE, ARRESBAIKE R 33. 92mg Cu®' /L,

kR et 16d, FAK IR IELE 30d, K = Ak 2R 56 FR K — K pH
MEEE, i RB A BRETRE 5—5. Tmg/L 216 ,pH K 7. 2—7. 6, A HARRE &
BB BE , R TRl 2 6 0 B 1R 8 4 A o B (IR MC R 96 %6) . K IR Be B 9 i &L
MEMEERLE 1, BAXRBEEREL - KABAER. KRNEFRBRESEERE
. THEERE—REZY, 3d [5RERI 8L 5 5 £ 45 B (Artemia salina) R B IERIEEE
%5 20—21C, e N 12 : 12, BRUBICFERBEBRANFETHABEYR. B
KRHSHER 5d L EH S B KK B R 115mg/L (2L CaCO; i),

&1 AR BRXNRE

Tab.1 Nominal and measured concentrations of copper

B W (eg/L) SE i ¥ [E (pg/L) Measured concentration
Nominal concentration F-H{H Mean i H Range ¥WHAEE SD
150 174.7 154—188 16- 8
75 101.0 79.6—122.1 15.1
36 41. 2 35.1—45.4 4.4
18 25.2 17.8—28.4 4.7
9.5 13.7 10.3—14.8 1.8
%} B& Control i 2.8 2.0—4.1 0.8

IR 1d 47 1L B0 R L RET 45 A S8 00 IR0 48 5 T L R 2 L P9 AR 0K
VR B B E R RAUNERN L TE 104C KM FHT 0 RPHEE, FEmrmE
ﬁﬁﬁﬁ??‘i%éﬂﬁﬁl Dunnett @%ﬁﬁ%ﬂ&tﬂ“"%@ﬁﬁgﬁg I4C5()[l”o

7 R

1. MARKXRE

BREREHQT. Tug/LIRBFFHEHE 1d BT, B 4d £33, 101pg/L
WEAS 3d HBSEA RS 14d FURBFAV YR T ENBEREATIE KKDFIL
100,69.5,19. 2,11. 25 F1 3. 75 %, LT i+ B B4 A9 14d LCs & 69pg/L,. 95U BHR N
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57—89. Tug/L,

HBERA, SR EHRB AN T RTIAE 2. FESTEY, HE R
mAETEEANZERIER B E(F=098.27,F,,, =5. 00). Dunnett KR ED 25. 2pg/L ¥k
BEAMR TR BATBEEER (Lsd.os=0. 054), T 41. 2pg/L K EEAMIET-H N
S5 RAMZ R BE Lsdo o, =0. 086) . Bk, LLFET ZAE R 4545 , 4 3 e B IR 8K
& £ 79 55 11K BT AL ok BE (NOEC) 28 25. 2pg /L.,

%2 ARARE ERMDS 0 Rit

Tab.2 Mortality of juvenile loach after thirty days of exposure to copper

¥ f7 4 B 3 MK BF (ug/L)Measured concentration of copper

Replicates 174.7 101 41.2 25.2 13.7 %88 Control
A 100 66.6° 52.6°" 5 5 15
B 100 76.2° 35 20 10 5
C 100 75 25 15 15 10
D 100 75 15 10 10 10

¥-1#) Mean 100 72.2 31.9 12.5 10 10
SD 0 3.96 16. 03 6.4 4. 08 4.08

+REfA 18R « «iRRA 19,
FMERSALEEHERE, SARASRIAHEHTREREIHAERUUTESR

ROBEARFITF % 3 MK 4,
%3 SMBNR 304 BHERSD S THER

Tab. 3 Dry weight of juvenile loach after 30 days of exposure to copper

T (pg/L) R4 T E(mg) -
Mean copper Dry weight of the larvae Mean
concentration A B C D

101 7. 96 9.26 8.91 6.72 8.21
41.2 10. 58 7. 60 8. 62 7.07 8. 47
25.2 5.07 7.22 7.12 7.25 6. 67
13-7 6.72 6. 04 7.42 7.48 6. 92
%1 Control 6.51 6. 61 7.10 7. 24 6. 87

%4 AMENMDE 30d HBRFRNVER

Tab.4 Effect of copper on the standing crop of juvenile loach at the end of 30 days exposure

2k B (pg/L) 17 & (mg) Standing crop ¥ REE
Copper concentration A B C D Mean SD
101 47.76 46. 28 44.57 33.58 43.05 6. 44

41. 2 95. 26 98.78 129. 26 129. 29 113.14 18. 67

25.2 96. 42 115.56 121. 07 130. 43 115. 87 14.35

13.7 127. 66 108. 76 126.13 116. 60 119. 79 8. 83

%1 8§ Control 110. 59 125. 62 127. 83 130. 24 123. 57 8. 86

101 #1 41. 2pg/L IREA TR AN T TER 8. 21 f 8. 47mg, 3 RAN & T4k
X 6. 87mg, HEF MR MK E AL &R E 5 X RAMEE R 3, B iE i FH&
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EIEHR i NOEC i1 LOEC.,

= AW FERYIER FEHH (F=31.13,F, ¢ =5. 65) 1 Dunnett X336 & 3|, Xf B4
HIMERS 41. 2(Lsd, 55 =22. 59).25. 2(Lsd, os=20. 88) F1 13. 7Tpg/L(Lsd,.os=18. 22) ¥
BHYMBERYLBERLER, M5 101pg/L (Lsdo.o =30. TR BFEAHRFRMNZ R I
HERE. B, BIERFRRBH XK 8RM fAA K % b J0 o] W8 RN o N
41. 2pg/ L., T B K FT WL EE BN 1k B U 22 101pg/L. BIBRAFBRBH) NOEC fl LOEC 4
KT REEF T H TSR, H i X KR8 19 NOEC M LOEC 43 3 & 25. 2 ft
41. 2pg/L.

2 #ikXik %

FWREARHGAMECE AFR(TFEIURGEES AN FHEERLES.

%5 AMERYEFIRERNER

Tab.5 Effect of copper on survival and growth of juvenile loach

o H 4 B (ug/L) Concentration of copper
Item 150 75 38 19 9.5 4.75 #t B Control
TR 100 92.5 7.5 2.5 2.5 2.5 5
Mortality

BRAE (mg) 1. 74 53.09 60. 84 63.57 65. 52 62. 32
Standing crop
¥-3 % & (mg) 0.58 1. 44 1.56 1.63 1. 68 1. 64

Mean body weight

ST RHIB R, 150pg/L(100%)F1 751g/L(92. 5% B M IR B H M T %
SMBHAGYOMEAERRKYER, METKEAM T CRGHY HLXT BE 48 5 (38pg/L
A, ANRTHRA,BEHNAK, NRERMTHEEE,38ug/L iREATHR 53. 09
M1 4mg, BREMF X HA. 19pg/L % FAH N HF & (60.84mg) M FH &k E
(1. 56mg) 53 AR BF B (62. 32mg) T HHE (1. 64m) ML BRTFHEE —EWE
FHERAK, HH, B 16d Bk I8 R A8 f4 % K 858 8k 4h # i) T6 7T WEE RO K
2 19ug/L, BARTT LB RN e 5 38ug/1..

12 I

1. B R AR TR B Brist 30 R0 88 53 AR 1 B B 50 Y0 S 4 X £ 25 1 T B UL B0 3k JBE AN
AR T RBE R B, SO B L R GE, B R BIEMRER 6. WK 6 WHIEE  &£H
/K BB BE R BOMI R SR T T 8K P 00 T 9 R £ X4 A R B SR O BB S I 1R
BRI, B T R8RS AT A B K B BEE A 115me /L (LA CaCO, ), il
R TN Sk O 5 TR AL A SN T U R T LU (LR L AR RS B AT K
B RSy NOEC i LOEC &5 WSS FR & 4 {823k, (K F S B M .y NOEC 1 LOEC,
BRI W R K 0 68 B, DX Ik K S U8 80 vt 4 8 AR 8 B R K D A T T BRE D £ UK.

H 32d FLJ0 4 % B B SR 78 i 46 4 BB Sk 3k O 85 49 NOEC #l LOEC 43 B2 13 1
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26pg/L(Lind %,1978)""),norberg il Mount (1985) ff 7d #27K 2. i& 40 B 8 1 4% B 40 B %
9.9 fl 26pg/L,WET AR, RXBH 16d Hk R R KR BHAX KBS IR#HE NOEC B
19ug/L,LOEC 4 38pg/L, 5 30d i K K58 ST 18 19 45 3 (25. 2 F1 41. 2pg /L) th 41 R 32
.

2. 1E30d FiAKARE S, Bk B, 40 101 F1 41. 2ug/L MM AR FHEELS. 21
il 8. 47mg, X HAKH FHEEHNRE 6. 87mg (% 3), Lett % (1976)"", Waiwood Fi
Beamish (1978)!" i B B 21580 . 7T KM B RE B RWZW, R8T EH S92
FME L ETREAKE EH . EE K LHAMEMERR ., ARBETHEE FHTY
"RETAR . BRAZINHNEEIRE EXNFEES R E B XA S AN %
(72.2 #1 31. 990 ) R K@ Xt AR K E R A LT 2, AT T X 8iK50 A Ba4
BEE,ERRKEESEMET A&, Bk, S5t KK EmA s i vk E
s B RA T RFRER.

3. F 30d KL A 16d #esK 2 X5 M E 194 XK B4R 889 NOEC 1 LOEC g
AL MEEFELEYRERTE KRS ML, S5EH—40R. WEFREER,16d
HAKXIRBL RS 30d S EHAEIEW BRI 28 FANE, A2 RMAfa 16d AR KRE
AJREA R AL R — R B AL R Tk K o AR M B M AT BE R B RS T B

®6 MO EENRARER

Tab. 6 Results of partial and early life stage test with copper

K@@ KEE MR 4 iR R NOEC LOEC
Kmg/L, Lk CaCO, i) [C)) (pg/L) (pg/L)

Species hardness Endpoints Duration
Bt 40 ERLVED 32 13 26
BT 45 K 90 9.5 17. 4
ERAma® 45 Fr: 90 21.0 40.0
aEma” 45 33 30 34.0 104. 0
Lin - Y 45 S 30 11.4 31.7
- BY: dal "8 48 L33 7 9.9 26
KK 115 A 30 25.2 41.2
AR 115 K 16 19 38

g £ X ™
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TOXICITY OF COPPER TO JAVENILE LOACH

Zhou Yongxin, Zhou Renzhen and Xu Lihong
(Institute of Hydrobiology, Academia Sinica, Wuhan 430072)

Abstract

We investigated the effects of copper on the growth and survival of juvenile loach (Mis-
qurnus mizolepis) in flow-through or renewal test with a hardness of 115 mg/L (as CaCQ,).
tests began using newly hatched loach larvae and were run for 30 days in flow-through test or
16 days in renewal test. The results showed that, in flow-through test, the lowest observed
effect concentration (LOEC)for copper, at which significant effects on the survival of the
loach were observed, was 41. 2pug/L, and the no observed effect concentration (NOEC) was
25. 2pg/L. In renewal test, the NOEC and LOEC for copper were 19 and 38ug/L respective-
ly, based on the standing crop.

Key words Misgurnus mizolepis, LOEC, NOEC, Copper.



