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BE: IR KEEYHKEPESBAAEVBRABEMAMNE, A TEEFRIFEEAE ' FREEA - FRNEFHE 11
BABWTHEBCRE , FaT R AMMERENREEEHT TN, £ -SHEREREN FREXEEFRIF0 I
BEET Cu®" (p <001); Cu®" Xt 48 1 %7 K #F K 3 88 K II ¥k B (NOEC) 70 5 1% 4 2% 5 [ & B (LOEC)4> 5 2% 1.78 mg - L".2.40
mg-L*,24.48.72 1 96 h i LC,, 4 B 0 641.,4.75.4.20 F13.44 mg-L" ; 3 € 8 %4 42 1 7 2 4F NOEC F1 LOEC 438124 004 pg-L".
007 pg-L",24.48.72 196 h B LC,, 53518 035.0.17.0.11 M 006 pg L' ; BEARFHLERE, Cu® WER T RIFNEE,
THEFTH IR T, BEEEHRAREREVN RA G MEEEFHE 11 #TRR, BB EY 24.48.72 196 h K MIEH
(ADS31% 002,045,186 71223, B AR IDRER . EIHEEEF ORI Cu® FIEME— FIB-SHHMWEE, TR
KIEE R S8 DR B R AP RAR 2KE.
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Abstract: We investigated the response of aquatic organisms to heavy metals and organ-phosphoruspesti-
cide in waters. We exposed Neocaridina denticulate to Cu®*, pure chlorpyrifos solution and a 1:1 compound
toxicity solution. We evaluated the comprehensive toxicity using the additive index method. The single toxicity
tests showed that chlorpyrifos had significantly higher toxicity to N. denticulate than Cu** (p <0.01). The Cu®*
concentrations for which we observed no effect on N. denticulate (no observed effect concentration, NOEC)
and for which we observed the lowest effect (lowest observed effect concentration, LOEC) were 1.78 mg-L",
240 mg-L", respectively. The LC,, of 24 h,48 h, 72 h and 96 h were 641 mg-L",4.75 mg-L", 420 mg-L" and
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344 mg-L", respectively. For chlorpyrifos, the NOEC and the LOEC were 0.04 pg-L", 007 pg-L", respective-
ly, the LC,, of 24 h, 48 h,72 h and 96 h were 035,0.17,0.11 and 0.06 ng-L", respectively. According to fish

toxicity grading standards, Cu®" was highly toxic to N. denticulate while chlorpyrifos was virulent. The com-

prehensive toxicity tests showed that the joint toxicity of Cu’*and chlorpyrifos was synergistic when the tox-
icity was 1:1 at 24 h,48 h,72 h and 96 h, and the addition index (4 /) were 0.02, 045, 1.86 and 223, respectively.

This study provided a scientific basis for preventing water pollution and conserving aquatic diversity.

Keywords: Neocaridina denticulate; Cu®" ;chlorpyrifos; toxicity response

BEERE TR ALFER MR, XRZHA. K
EmMEHZARARBENELRE, Kb, B52RE
MRHBGESEYH EEFREHLE, EMERKA
Tk HEsK FL AT 389, BET ¥5 ok 4k, K EA
Yy, Bl 5k B K R B v B e fg R
WRKER MRS RY , RRARE RE
mHEK HEREREYHRRERASRA™, B
HREMKEEYHESE AERE . EEREEH
HEVHBEFTEANAF NN MEELBHE
S5H—EniytEs, KEEBRESRERR
B WA, & JE ¥ (chlorpyrifos,C, H,, Cl, NO,
PS)E—FAVLBER RN, BA SR NS, B
A ZHATREYREHETEH. ARRRIA,
FIEWH A KBS KEEYAARBENZEEE
H,HEERE EEEE WKESRENEYE
B B R v B

TESCPR/K TR B o, 15 e iy A EE A0 2 LA &5 b ) B
FHER, MEFESLAYZEASHEER, EZRTS
Ry RN, EmKEEYTRER
KABE—-MEALH . ERMBRYIEENK
AV, HESBARANE -BHRBRER, &4
TN RE 7 b f2 B 2 Fp 5 ey L FE B X K AE A2 T fE
ERE AMARSEERYWKRSEERNRBA
R,

4215 31 K ¥F (Neocaridina denticulate)F J& H 5%
Y RLIE AR RLETORIF R , B — B K /N ELIR S,
BEAGRTHRKP, APEHE LM, EMNEHET
B BEWE MR KEFKEEDER, KK
REHNBRKXE., ERE, BEEHKTFEELH
FERMB LERIG X, AEEE NR, EEK
P, AR FAREARREGSYEN P EAT ,EXK
SR 0 0 5 VR A P R BRI . AR ST L
Cu®" M FEM A Z K75 ey, LR 16 37 K AF R il
A R REEFORIF X X RIS R B —MERE
5 RAEAE T MW R, LA st S 34 B 48 155 3 oK AR 72 7K 44

EAEXFMHERYEFZINEEEM, BAFE
BR 5P YR SR PR AR KR,

1 # ¥ 57 % (Materials and methods)
1.1 REEYRES I

BB R 98 15 BT K MR R B T 3 1L A sk
EX, BBAEKRA BRI, EKQS ~1.8)cm, K E
007 ~0.10) g- R 4R FORIFE TR (5.5 X 60 x
40 x45 cm K KELH , B RUEBEIFRBE 1K,
BERRER t)CLELA FAKINBK48h U LA
K, BRGAK—K, BKEN 23, RKHT 24 h 5118
B YL, YIALHE 45 16 B ok 4T R BsE T, A7 4
OECD KB ¥k M ™, B4k J5 48 145 37 K 4F B9 3% Al b7
R ATEIER SMRIER MRS ME,
12 ZREHRY R

AR % (CuSO,*5H,0) . H E T .8 80
BWTEHAERLEANERAR, R oird, &
FL.4% (chlorpyrifos, C,H,, CL, NO,PS)7= B F ¥ L &% /R
BUTHERAE, AHB AT ER N 480 g L K3
Mo ¥— BRI A BIER F R TR AILL
kiR 80 FEE AR 4.8 g L' B &, KB H M
AR M EFE S B AR 100 pL-L", E—F &
MRBRABTOEBRBK  EETFHRERE RS0
g L MW & M.
13 B—-FHRERIT

RERAEHFEXAZRFTE, XBFAH N %
W, R FK B R 48 h KL LRI ER A, pH K
72 ~7.7, B8 BEAE 20595 mg- L™ (M CaCO, )% , 7K
HE4+£1)C, BMEDO)S80 mg L' U L, Eikik
KRB, BA6 MK K 60 x40 x45 cm
TBOKIRE , r B EN#ESEETEWER, R
AEHUBRSEEMTAKRYS; S KKE L
BA BT, R ERE 12 h BB 12 h B E
ML ECE 8 4 2 000 mL B4R

S AT BURE , 38 o RN U 45 /) Uk B 18] BB ok k4T
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WEMENRE, PR EBERF KR 96 h N
C MBEEBARTEEERRKRENSBIENER
Y BE TS B, SR 7E Sk T BB P9 SR A A6 30 S BT BE VR
ZRERAYEEHTERNRK. REHR 6 Mk

ERE, B AREABRIAFF. 0 REAp
(Cu’*)F 1.78.240.321.4.33.5.60 1 7.54 mg-L"; #
FE W vk B 40 p(FEFE )N 0.04.0.07.0.13.0.24.0.44 FI
080 pg L', FAEEBRKARKEANRBLULE
FBhER + 2 AR BHREN R, 840EKF D
IAIRE 2G5 2 000 mL, 3 A 23 9 5% 3+ b 0%
ISR E kI 10 R, XBRBRARE, LN
pH, A%, By LR R U R T IT % & B ik
.24 h B —RIABW. &HWEELH KN
EEER PEERMETEHN, B 24 hiBF1
WIHT-EE, KA T-ANME. RGN ATER
" EERR2E24h.48h.72h f96 h B
FEVR I (LC, Y B K 95% B X H™,
14 BE#EHRRIRT

FAC MFEER -FHARAE % h K
LC,HAN— I EMEEM (BB ZEYERES
ZZRAYH LCSO WIHLE) S BB RN ZET
e HEATENE 1 IR A A, LS fE BT
WREEM p(Cu®") + p(EFEM)S 51K 0.63 mg-L" +
001 pg-L'.125 mg-L" +0.02 ng-L"'.1.88 mg-L" +
003 pg-L'.2.50 mg-L" +0.04 pg-L" 313 mg-L" +
0.05 ng-L'#M 438 mg-L" +0.07 pg L', BMEKE
HABEIANFT, ANREBRBKARKSANREURK
BER(BEF + AR BREEN R, KBl
RE &S YH LC, MM E R 13,
15 BRAEEFHEIEN

A W95 % A Marking 7k 4 58 BB S %5 R AE AN 8
Free®Ixt Cu® FEEFEE ARG B RO BT IR .
EyRERMERZA S TAKAQ)RS:

S =(4,/4,) + (B,/B,)1)

AF:4,.BHE—FHEYWEK LC,1E; 4,,.B,
HBESYEMN LCE; S vAEYFHENERZ
M, YS<1 Ay, kMK AT = (1/5)-10;, 54S>1
Bt,AI =-S +10, BRGH AI BN BYHEKS
BN, AI>0 HHhFEER; A1<0 FEHIEH;
AI=0 RHEMER
1.6 BELIT T

St iR 36 B 48 B 3% 3@ it Microsoft Office Excel
2013 43#r , R EIELL 3 N EATHN T IE « 7

EZRNRABERRNE, A Origing.0 Xt BIEH# 1T
B )3 53 47 75 2 2 BOE ¥ B LC,, 18 ; #1 A IBM SPSS
Statisticts20.0 XJ Xf F& 4 FiX B A 47 H 2= 247, 5K
H K 3k 2 RN ¥k B (NOEC) K &% 1) 3 28 [ 17 ¥ B
(LOEC),

2 R 51Fi2 (Results and discussion)
21 SREHFORIFPFER

Cu’" BRI HIE], Xt BB 41 b 45 14 37 K 4F R 1 BL5E
oo ERF Cu’' B WK B o 48 e i R AF P R
FER, RBRFFHRE,Co’ BERAEREFRIFR
MBAN, FEER, RANBEHAE L TEE, 5
EREREEKEERE AT EAR,HE
TREEGERBIHFEMR, BEE o E TR, HE
FHBEE, BEELVFE, MEE3, AEMER
BHERREEEARS, KEREH S HHATH
BER BRRIBARNZES) —BE FJEEAHR 5K
L RRZBRET S RERIF. FEFRIFESE T
B, AREETA, REDL, SABRY S, BARXT
IR

FREABHNE, ARKZHALEMNBEEEN
(BhEES) + FLALS ) 4 P 4R 15 FORIF R B FE =,
M Cu —# KR FE, BREHRRBRIFE &S
BMARHRN, REKNO P ERO\EZINE W, &
WEKPUE. SRECLERAENLTES, BEER
W T, AR ETES, HEMEREI MR,
HEBEFHEABERTF QO BB, 2h 5 . EKE
HAPRAFRIFEZE, BRKEAXN BHABR
SHRBWHIAR, FERIFETZ60, S E T Zd
FHAUBGMEMIE, kaER , ARE4AE,

T ] , &5 R B B 5 LH SR AT , R B4R T BT R AF
ARARELEARFZGTHRERALEHRARX—TH
FPAE . [R] B YR B B 5 Sy b — Lo vk B AH 95 15 B
K ABRARRE MEBRERTHERRBE
85 7% | IE 76 W 5 B A 52 R 58 0 4k, o R A
BB RALR, BB IFRIET, $i8 Cu® M
W %ot 58 55 500 B ) R U BT K AT A SR B E . X
— G RMEENERANES BN REEIFY
SR
22 ABSFOKARXT Cu® " FIEEFE 88 8 — 25 M Y Wi BT

BB 1R, 6t T OK U B4 B 1 3R BE A R] B SE
KM RENENTZES AR XRUELE
Cuo’ MR N AR ERMBME, " RREE
H 178 mg-L"B},24 h R WFET-,96 h BFFET-HR{NA
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(167 £5.8)% ; 4R E XA 240 mg-L' 6, BB
24 h IFEETF 4R B BOSE A R 5 X VR B 55 B 7.54 mg -
L'Bf, 4B B K UF7E 24 h BFFE T R HE K 9 (50.0 +
10)% %R T 96 h BFEEFRITETRT., £
Co" AR EEREXN B 5 EEFORIFFETHEL
A EE R A RE R KTF 0940, H p <
001, R B IFWIEMH XM, FEE KK A 0T
¥ ,95% B {5 X 8] ¥& [ FA B (6] B9 2 4 3k 8 & i AR
NS Co’ T MBERE S B IR B R B B
MEASHERE D, X5KEHDEHRTELBH
B B AR aF = A B HERR — B

B 2 AT, M T Cu’t, EE AR A AR 15 BT K
NRABEEOEEIER. MEER TN EMEEH
BN EEFRKITHA T RRWERHA SN, T
IR YR 004 png-L'Hf,48 h HBFET-, 796 h
4 17 7 K MR BB T 383K (36.7 +£5.8)% ; K FE 4 0.07
pgeL',24 h BFFET- R EA T (33.3 £0.0)% ;KB X
2080 pg-L",72 h BHE R F KIF 2|, FiE
PRV X BT R E RN E TP HXRH
R¥IKT 0930, H p <001, FAHXHRTGE 1),

MU EREERE N, BILEME R KIFKE
HEABEET Cu’ (p<001), “HHWEMRLERTHE
REMLELEMRE , =L B EEANILH AR
HR, T TUMAR ABEMEFEEEENS
FEHRFORITRBE—E C’ REF, Cu* HEBHE
WU, NTEE AR T Cu®” BN E B ™ 42 3
L8 Cu® HEABREFREE TR ED RN
AL, SRR B E A AL B B ™Y, S A, B
TR — e B O 15 o, R EFURER 4™, W&
FEhEZE —ERGEPREEFRIFRET
., BEBEEVNBERY MNALFKENYTFHER
B EEEAVNBEENH Z B BEER (M SR
A Z BE R BR B B BR AL T 2k 18 ), BHAL M 215 %,
M 32 37k A A s FE T

Y EAMNBHRT-RIEFZHTBE
Cu®" M FE 4 K NOEC.LOEC 43 5| 1.78 mg-L".
240 mg-L",0.04 pg-L".0.07 pg-L', M RXBFE
PR PR BB SR8 Cu®" FIFEFEURZE 24 .48.72
M1 96 h B LC,, 4> BN 6.41.4.75.420 f1344 mg-L*,
035.0.17.0.11 1 0.06 pg-L'. &8 X EHET
Cu® X R IGKRIFA TN BRI 48 h 7E
WA LB ERN 2333 mg L, A X
Cu®* X416 57 K UF 48h 89 LC,, 0 475 mg L', X £

ERRANAENBLAREERWMBE BRA. .2
B pHKGEES) ZREYHRAE MK LK
FHELZMEERAR,URSKEEY AR BE
REMRENBRFERRA R, SEHEP SRS
F IR E A XTEF 96 h &) LC,, K 0.89 pg L' 4
He , B S0 88 X 48 3 oK AT B4 B 4 b X R 38 3 X AR G
BUHER. RERRER, XA XKFTHLIEG
W Cu’ X E R FORIT N B, TR ST
B, B, XX BRI Ry S B AR K,
23 EIEFORER Cu? MEEFEMBEY: 11 A EImRNE

AR -FHRBAERE, U Cu® FEE 58t
THYE 11 MRS AN E ST R HTHES S
HREBERILE 2,

120 —=—24h —e—48h
—4—72h —v—96h
100 T s
/’/ il )
80 - 7% )
ey . )
= T e 4 =
M Z 60 | T - T
HE A, PP | B!
40 + F “l - b i
T 7 g N
X~ )
20 ; Z / T
¥ ¢ 1
0 W L ! L L |
2 3 4 5 6 7 8
Cu®* ¥/ (mg + L)
Cu?* concentration/(mg * L)
Bl Cu W@EEHEFOAR—BEXR
Fig. 1 Relationship between the dead rate of
N. denticulate versus Cu’" concentration
120 —=—24h —e—48h
4—72h —+v—96h
100 T e —
4 "‘/’j S
80 | LR
r R
¥ ¢ 3
w2 | ¥ ./ |
] & ' y
o T 4l ¢ 2
R 40FTr ya
Ly 1
20 T7/%
Ay
L g
(0 L= . =1 L ] 1 L J
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2 BREBMEBEFEKEHAR—NEXE
Fig.2 Relationship between the dead rate of

N. denticulate versuschlorpyrifos concentration
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Table 1 Single toxicity of Cu®" and Chlorpyrifos on N. denticulate
o HMEXRER LCy, 95% & {5 X [H]
Y R 0HE/h EFFE . BEHp
NOEC LOEC . . . Correlation LCs,  95% Confidence
Pollutant Exposure time/h  Regression equation Significance p
Coefficent R? intervalof LCy
24 y =1.771 +3.999x 0.960 0.01300 641 557~738
48 y =2.170 +4.181x 0941 87E- 4 4.5 446 ~507
Cu?* 178 240
72 y =2.053 +4.740x _ 0970 22E- 4 420 397 ~442
96 ¥ =2309 +5013x 0973 17E- 4 34 3.13~3.78
24 y =6.103 +2.440x 0939 SOE- 4 035 028 ~045
#HITH o o 48 y =7231 +2937x 0.982 ' 8E-5 0.17 0.15~021
0. (X
Chlorpyrifos 72 y =7.020 +2.100x 0973 17E- 4 0.11 0.09 ~0.14
96 y =7349 +1.862x 0952 STE- 4 0.06 0.04 ~007

#:Cu?* #) NOEC,LOEC.LCy il LC;95% RS X M B0 mg L™ ; BFE M AY NOEC.LOEC ,LCy, 1 LC,,95% B 5 X [ 847 7 pg-L7 .
Note: The confidence interval for NOEC, LOEC, and LCs, of Cu®* is in mg-L", Chlorpyrifos in pg-L".

2 C'NBEHEM L1 HBEEFAFNESBY

Table 2 Joint toxic action of Cu’*

and Chlorpyrifosat the toxicity of 1:1 on N. denticulate

LCSO

S BrfE /M RABEER

) #IEH/(ng-L") s Al e
Exposure time/h Cu?* /( mg-L") Joint toxicity action

Chlorpyrifos/(ng - L")

24 165 0.03 098 002 tFl 4 . Synergy
48 125 002 0.69 045 P FEI¥E A Synergy
72 0.63 0.01 035 186 P E4EH Synergy
9 056 0.009 031 223 WrFE4E A Synergy

REERHERTRATUERRTEY
BRALZE FHERKERKBEMIRERSN B
A DAR R X — A, MEFHETIHENES
RUE. BE, ER-BHRARORRM L, BRES
LZHEMFTHERTEEN Ll WBEAEERRE,IA
FHEFERBNEE,HBE N, AMRERE
B.Cu® MBI MARTM 11 R T LC, /b
F AT AT B4R ; Cu® " F175 50 98 X 43 15 BT K 4T 24
h48 h.72h 96 h BRE T 475514 0.02,
045,186 #1223, ¥ KF o, RIAANWMFRIEIEA, B
Cu®" I FEME A E BRI N T X4 5 Bt

RXTFEVNBERAGESELZRE T EYHRSE
A EEHARANEREARMER, IBRREEY
BRFEMFERMBOEARERXER IS
BAURERAVNHRAN MERENKREERARLST
SR B, TR TSR B R E S5
P, EEHREAEEN, EEHRBRARKE
TG’ WFEMNBEHBKMEREAR. TR
moon MEBXEEYE LI BERAHBEER.

AR AREVRSESRNAREYHKSEHE
BRLAR, W EEAVLE 57 AR AR R
BRYNESERT NGRS EH, GF
PRSI R A — L RN, EEMEN GRS
ABREAERE™, o MBRBREE 11K
RERM AhFEER, TETRERN _EHFEHN
FZEMIMERNEARXS . FEFKRIFRELE
Cu’* F,MBEEZBHG, KEBEMNHESR—
SE B8N, B 2 AR 5 R AP IRIE S PLRE R s Stk
ARFBRIEFIHE E SR — LB TT,
ARBRAREEMFEANFRELBREOSE . BE
HE MBS ERBUR S ABEEY
AEARBEAMEG, BRERT, WA MEHBEH
B, BB EHEIRE 8, YHEAEWER
& IEREE R R E R BB A R R, EILE RIS R
WA, RATET X R WL B 45 R BTOR AR FE
FEHMBEET L TREHNERS . ETHES
22 MR Do U 45 R R AR R TR o 4 ok BT R MR E 2 E

O HREBEE PR MRS ET HIL GRS
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HRES WS, RS T RN Z2 5 — M5 RY 8
B, MBS MM BARI A REM.

KEPERYFHEES, WKEEYHEAER
B, HA,ESBRAAIRGNIREKER KT
B S KAEEYRB—FHRRAH RS, ME
FEERAEN AL KRBT E, [/ X E-
HPLE AR RAARL EABRA, FH
LM EE 1 37K BF X Cu™ " 038 5 48 £ B TR0 R b
3T BIFSE, o33 A i 15 4% W HE 43 ) A K B B HE B9
RIERBET —ENHE ERENBEENRERFTM
WS FKFEFHEARABI . BRAE AR
S5ERPERAR  BUES5ZREYHAREFTH &
EXRFERHEE RE BREASEMLETFHEXYY,
4GNS FMAEMEIMERIRB A AR P W
R TR HOREE X 15 R Y TR R R

BIREE® A Z@H970—), %, B+ , #HE , T E2HEF
AREEY ZHERRBEESBH L,
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