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Effects of Single and Co-Exposure of Cu and Chlorpyrifos on the Toxicity of

Earthworm

XU Dong-mei', WANG Yan-hua®, WANG Nan', RAO Gui-wei'

(1. College of Biology and Environmental Engineering, Zhejiang Shuren University, Hangzhou 310015, China; 2. Institute of Quality
Standards for Agricultural Products, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China)

Abstract: Combined pollution of heavy metal and pesticide had posed a serious threat to soil ecology and human living environment.
As two common types of pollutants in soil environment, the environmental effects of combined pollution of Cu and chlorpyrifos are worth
for attention. The acute lethal effects and avoiding behavior of single and co-exposure of Cu and chlorpyrifos on earthworms were
analyzed by using the methods of standard OECD filter paper test and artificial soil test. Results showed that the LCy; 4o, and LCy, |, 4
of the acute toxicity of Cu on earthworm in filter paper test and in artificial soil test were 2.23 pg-cm > and 496.05 mg-kg™",
respectively. The LCy, 4, and LCy, |, ,of the acute toxicity of chlorpyrifos on earthworm in filter paper test and in artificial soil test were

*> and 186.07 mg-kg™", respectively. In filter paper test and artificial soil test, the joint acute toxicity of Cu and

5.94 pg-em”
chlorpyrifos showed an additive effect while the concentration was 1:1. The type of combined effects of co-exposure of Cu and
chlorpyrifos was synergistic effect and antagonistic effect in filter paper test and artificial soil test, respectively, while the toxicity was
1: 1. The results of avoidance behavior test showed that the joint effect of Cu and chlorpyrifos on the avoidance behavior of earthworms
was antagonistic.

Key words: Cu; chlorpyrifos; co-exposure; earthworm; toxicity

S 0 w3l i (e R R S REZDU R S
SRR A ™ . R AR A K
TN A % Sl 75 B TR, SR T A 12 R 5
(3 i BB 2> B AR W R AL B
EOPNEN Y3 el i N S L I e o i B ek O
VIR 16 ) =R HERL . R AR (R 2
VAT ) B A 39 A 07 P 0 kT 9 90 A AT A A D
B 5 Al A B S SRR LA B LA,
BERCH T R IR E D R, £
SEPREE Y T G R A TR AR 5 R 24 55 0 Y W) ) i 3
F BRI A5 . AT HLBE SR H5R) 2 5T 00 O T e
W . XTBRBESE  RE A MLBEAR 25 A T2 2R UAN , 73R
FEIR NI H f)z. RUETERILI L C 25 I A
PLBEA 200 N I B 22 (HX T 2 HOKAEAEY)

H , FE U T s P W it HnT LA i A= )
PR A Y BRAE FI R K R W e 2B s 7
2000 4F- 6 A, CEFPMFE ORI B H AT EE 1178 5C [ 52
FFIJEE B A FHRE SE 38 5], 5 s 20 7 S8 W A HL At
JTHTA . PR, X TR sk B e U
WAL S E SR T Y R S R TR, A
SR ST ) AR )

e W51 D - S b AR Wy R R OR R Sh 2R, L A
B PUREE | RO AR A AR AL S IR TS e
5 YRR AFAE— 2 PAR OGHE ). ] e ol T i 5] 2

Wi BH: 2014-04-09; f&iTHHA: 2014-08-11

EEWA . Wi ARRFI AT H (LY13B070010, LY 13C030006)

EE B IRAAHMG(1974 ~ ) 2 W04 Bz, FEWT 0 ST
HZZ E-mail : dm25xu@ 163. com



14 TRAHESE : | IR — 5552 5 2 G X M 051 A A R 281

AT EUAT B BRAE R RO MRAR . S T %
B, R v | R i HAT A AT BEAR S S A
A, FEAE TG G S A S KR T TP E A A2 B G
N HATE NN T E AR | R R
W1 A= 2T BN WE Y © AV 24 E T L3
RAGME IR A1 R TEE ANBIREA L T7
T T F 56 2 R R AHIF ST LU i) A 725 5
I P2 R o 12 SO B Y, B 5
- SO B — Ko S R 5 o i 6] Sk BOE K [m] gk
AT 0B R2 R, LA O 7R 7 SE L Xof - A S R G
SN | i PPl A2 5 19 YL i A 25 XUBG 4 {1t s 2
LR | S A - TJOHLA 95 Y A M D00 e e
53R B R AR A A AN S B 3.

1 #MREF*

L1 sk

T B F TV e 45 R SR 3 4 ) ol
3| ( Eisenia fetida) ,Bk3E 2 A LA L AKE N 0. 3g /2
A, F Y S g R s e R N AR
Y 7 d; FEIEMR G R T L0 K FH AR AT R 22 7
AL > 95% ), HAf UL 1. X5 B
R4 SR X Ry o Ml BN T L HEAR Y OECD
Guideline No. 207 Fr#fE kALl

CoH50 ” N
~Np—o0—F | cl
CyH:0 \ Cl
Cl

1 HFEEEAHN

Fig. 1 Molecular structure of chlorpyrifos
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Fig. 2 Lethal toxicity of Cu on earthworm( filter paper method test)
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Fig. 3  Lethal toxicity of Cu on earthworm(artifical soil test)
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Fig. 4 Lethal toxicity of chlorpyrifos on
earthworm ( filter paper method test)
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Fig. 5 Lethal toxicity of chlorpyrifos on earthworm ( artifical soil test)
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Table 1 ~ Statistical analysis of Cu and chlorpyrifos acute toxicity on earthworm
159 SN i a)/d MG TR LCso 95% HfRIR
; 1 = -5.53+8.12 4.80 3.76 ~5.67
HEAE . T
P 2 y=-1.03+2.97x 2.23 1.41 ~3.11
i
. 7 / / /
AT ek
14 y=-14.52 +5.39« 496. 05 435.84 ~554.31
S 4 1 / / /
IRARA 2 1.57 +2.03 5.94 3.74 ~9.70
r= = 1. + 2. X . J. ~3.
wes 7 i / /
AT ek
14 y= -24.93 +10. 98« 186. 07 156. 58 ~216. 49

1) YELREL LCso B0 R pgeem =25 FSR IR T 43 1L.Cso B0 Amg kg ™!

2.2 H-FEAUIR AR G B EE XTI A SRR
TS — B e I I 5 R AR A b R AT -7 S8 10k
e 51 P9 0 AP VR RN T - M 2 5 R R IR 45 2R 0
WA 2, 3. R KA BE B A R0 A T4 %X
VA X -REAE R 5 T PR IR A5 R R, R
FHAHE 121 SEATIRER I, JEARE AN T A5 |
TEAL IS ML 5] AR A REPE LT AR T i 255K
FHEESCIANGR P —REME LCs (E N — e AL, 1
Fratk 101 MRS TR T, B4R AN T L
5 - T FE T i s 4 1B 5 FH 2 0 DU 73 33 e 2R
PRI RS HTVE R, 3k al BE 2 T 5 BE AL IR JEE L
BlERGER. SHCAMRIEMSESRE 5%
0K A A LA SRR AT S S R IR T A P
WA 2 75 S0 W0 5 G T R 1 I PIL A A &2 2 A
Tilton 55l 1 RGEH L REICIR | i 2 45 Bk 58 o B
Ly DIRE MR, A B E 4 JE . R AR
7 A AR S A 538 5 41 ] £ 2 W R A AT A

SO T BB £ e D RE , o IR G R 2R A
EVENT; MIAERESEM | BRILAE A RigErh ) =%
Xt 3k L ( Folsomia candida) B EEEAF FH 2 7 )
RFEBUE R A AL 2 30 R 5 A6 W9 1o 35 S FE 4
J& Ni 52 BRI 456 s AL AT R Ni 19 455 7
AL AR N o 4 48 Bk d % 7 P ; Steevens
SRR 3R OR 5 A A0 MU I B xR A
2K A 4 ) (hyalella azteca) FYBEPE R T HANG
Jely I HaX P EE AN RE FH BN 5 G ) 100 1 B A2 2L
NSRS R — N/ E AR M S, B
A48 | AR 25 A 5 58 X e 18] 6 A 2 PR A AL 1
MBI SE s B 2. Jl 3 WL S5 I 5 SR B A H J A
G R A F G G A b O Rl AR A% 4 1 4 Y
AT RO R R 4 R N A 2 IR
G RERRNMT TRANG 25 TR By 32 2Tt
HRPRL 7, O HLHCUR B 1 385 Wl SR R 1 e | 1) S M 25
PEAE

®2 {H-SRMESFEENEEI S ENIIE T RER (EBE)

Table 2 Experimental design and results of combined pollution of Cu and chlorpyrifoson ( filter paper method test)
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Table 3 Experimental design and results of combined pollution of Cu and chlorpyrifoson ( artificial soil test)
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Table 4  Avoidance behavior of combined pollution

of Cu and chlorpyrifos on earthworm
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25 0 13.3+11.5
50 0 20.0 £20.0
100 0 86.7 +11.5
o 200 0 100.0 0.0
0 6 40.0 +£20.0
0 12 46.7 +23.1
0 24 66.7 +30.6
0 48 93.3+11.5
25 6 40.0 +20.0
25 12 53.3+11.5
25 24 66.7 +23.1
o 25 48 93.3+11.5
50 6 46.7 £11.5
50 12 60.0 £40.0
50 24 80.0 £20.0
50 48 100.0 0.0
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